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Patented May 20, 1952 2,597,434 

UNITED STATES PATENT OFFICE 
2,597,434 

SURFACE TREATING APPARATUS 

Lewis H. Bishop and John S. Finn, Burlingame, 
Calif., assignors, by mesne assignments, to Wil 
liam H. Mead, Oakland, Calif. 

Application December 27, 1948, serial No. 67,462 
11 Claims. (C. 51-12) 

This invention relates to a method for contin 
uous operation of a surface treating machine 
and to a continuously operating surface treat 
ing apparatus. More particularly, this invention 
relates to a method and an apparatus for con 
tinuously impelling abrasive against a surface, 
removing the abrasive and waste material from 
the surface, separating the abrasive and waste 
material, and reusing the abrasive. The inven 
tion also relates to a method and an apparatus 
for intermittently transferring material from a 
chamber under one set of pressure conditions 
to a chamber under another set of pressure con 
ditions. 
The invention is particularly useful with sur 
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face treating methods and apparatus of the type . . 
described in the patent to William H. Mead, No. 
2,455,514, issued December 7, 1948. That de 
vice simultaneously impels treating material 
against a surface and suction-removes the spent : 
abrasive and waste material. By employing a 
grit reclaimer, such as that described in the co 
pending application No. 778,378, filed October 
7, 1947, the spent abrasive can be separated from 
the waste material and re-used. 
The problems solved by this present inven 

tion are those having to do with making possible 
continuous operation of such or similar appa 
ratus. The problems arise from the fact that 
the abrasive, which is impelled against a surface 
by a high-pressure blast of air or by an impeller 
wheel and is removed from the surface by a vac 
uum pump, carries along with it the waste ma 
terial which is abraded from the surface. The 
abrasive grit is next separated from the waste 
material while still under extremely low pres- , , 
sure conditions. One problem which had to be 
solved before the apparatus could operate con 
tinuously was how to restore the abrasive from 
the low pressure atmosphere without either in 
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terfering with the low pressure conditions in 
the abrasive-removing line, or reducing the high 
pressure in the abrasive-impelling line. 

Heretofore, it was necessary to shut off the 
machine during such transfer, so that the pres 
sure in the blast line dropped to atmospheric 
while the pressure in the suction line rose to at 
mospheric. Then a valve between the abrasive 
feed hopper and the abrasive reclaimer could be 
opened and the material transferred. This ne 
cessity for periodic stoppages for transfer lim 
ited the length of time the machine could be 
operated continuously to the time taken to con 
sume one feed-hopper full of abrasive. Every 
time the contents of the hopper were consumed, 
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the operator had to stop the machine to refill 
the hopper. 
One important object of this invention is to 

provide an apparatus enabling continuous op 
eration of such a machine. This invention au 
tomatically replenishes the feed hopper during 
use, and there is no need to interrupt operations 
for refilling the hopper. 
Another object of the invention is to provide 

an apparatus for transferring material between 
chambers under different pressure conditions. 
Another object of the invention is to provide 

a transfer apparatus of the type described which 
will not adversely affect the pressure conditions 
in the chambers. 
Another object of the apparatus is to provide 

an apparatus for transferring granular material 
from a low pressure chamber to a high-pressure 
chamber without substantially altering the pres 
Sure conditions in either chamber. 
A further object of the invention is to pro 

vide an automatic transfer device of the type de 
Scribed. 
Another object of the invention is to provide 

a time-controlled transfer apparatus. 
A further object of the invention is to provide 

an apparatus Suitable for continuous sand-blast 
ing with a relatively small quantity of grit. 
A further object is to achieve continuous sand 

blasting over a long period of time, without hav 
ing to supplement a relatively Small, mobile Sup 
ply of abrasive. 
Other objects and advantages of the inven 

tion will appear from the following detailed de 
Scription of an embodiment, presented in ac 
cordance with U. S. Revised Statutes, Sec. 4888. 
It is appreciated that changes in detail may be 
made in accordance with the principles set forth, 
so that a machine differing in some details from 
this embodiment would still be within the spirit 
of the invention as described in the appended 
claims. 
In the drawings: 
Fig. 1 is a view in elevation, partly in section, of 

a continuous surface treating apparatus emi 
bodying the principles of the invention; 

Fig. 2 is a diagram of the piping circuit in the 
transfer apparatus; 

Fig. 3 is a diagram of the electrical circuit 
employed; 

Fig. 4 is an enlarged view in elevation and in 
section of the lower dump valve; and 

Fig. 5 is a view in perspective and in section 
of the apparatus in the vicinity of the lower dump 
Walve, . 
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The apparatus employs an intermediate cham 
ber between the low pressure reclaimer hopper 
and the high pressure feed hopper. By connect 
ing the intermediate chamber to only one of the 
said chambers at a time, the material is trans 
ferred first from the low pressure hopper to the 
intermediate chamber and subsequently from the 
intermediate chamber to the feed hopper. The 
pressure of the intermediate chamber is raised 
before the valve to the high pressure chamber 
is to be open, and after this valve is closed the 
pressure in the chamber is reduced before the 
valve to the low pressure chamber is opened. All 
of these valves and pressure adaptors are con 
trolled by a timing device which alternates then 
according to a predetermined cycle. - 

Fig. 1 shows a device embodying the principles 
of this invention used in conjunction with a sur 
face-treating apparatus of the type described 
more fully in Patent No. 2,455,514. A compressor 
O sends air under pressure through a conduit il. 

At a manifold f2 the air current is divided, a 
conduit 3 shunting some of the air into a grit 
feed hopper 4, while the rest of the air is fed 
through a conduit S into a grit-feed valve 6. 
This valve 6 is preferably of a type described 
in the Copending application by William H. Mead, 
Ser. No. 55,243, filed October 18, 1948, which is 
Sued as Patent No. 2,521,931, dated September 12, 
1950. Grit is introduced from the hopper 4 into 
the blast current at the valve f8 and is fed 
through a conduit to an operating head 8, 
Where it is impelled against a Surface. 9. 
A suction pump 20 draws the spent abrasive and 

Waste material (such as paint flakes, rust, saw 
dust, etc.) out of the head 8 through a suction 
conduit 2 into a grit reclaimer 22, preferably of 
the type disclosed in pending application Serial 
No. 778,378, filed October 7, 1947. Here the 
abrasive and waste are separated, and the waste 
is carried out through a conduit 23 to any form 
of dust collector. The reclaimed abrasive falls 
down into a reclaimer hopper 25, still undernear 
vacuum conditions. 
Between the reclaimer hopper 25 and the feed 

hopper 4 is positioned an intermediate transfer 
chamber 30. At its upper end is an upper dump 
valve 3, and at its lower end is a lower dump 
valve 32. Both valves 3 and 32 comprise air 
actuated, cone-shaped plugs 33, which are closed 
against the respective openings 34 or 35 by com 
pressed air entering through openings 36 at the 
lower end of the valves. 
The upper valve 3 opens by a combination of 

Spring pressure and gravity, dropping when the 
air pressure inside the valve falls below a certain 
level, and then permits grit to fall from the re 
claimer hopper 25 into the intermediate transfer 
chamber 30. 
The lower valve 32 is adapted for quicker and 

more positive control. As shown in Fig. 4, the 
lower valve 32 is supported by a housing 37 which 
is suspended from the feed hopper housing 4. 
The lower end of the housing 37 is closed except 
for the opening 36, and the upper end is also 
closed, preferably by a hood 38. A valve stem 
40, which depends from the cone 33, is slidable 
up and down through an opening 4 in the hood 
38. To prevent grit from working down through 
the opening 41, a flexible, collapsible sleeve or 
boot 42 is secured tightly around the stem 46 and 
around the opening 4. 
Below the hood 38 is an annular flexible dia. 

phragm 43. Its inner periphery is secured to the 
stem 40 and its outer periphery is secured to the 

10 

20 

30 

40 

50 

55 

60 

65 

70 

4. 
housing 37. The diaphragm 43 and the hood 38 
enclose an upper chamber 44, having an opening 
45 through which compressed air may enter from 
the duct 67, in a manner to be explained. Below 
the diaphragm is a lower chamber 46, open only 
to the air pressure inlet 36. 
A stretched spring 47 surrounds the stem 40 

in the lower chamber 46. The lower end 52 of the 
spring 47 is secured to the stem 40, while upper 
send 53 of the Spring is anchored to the valve 
housing 37. The spring 47 biases the valve 32 
downwardly toward its open position. The force 
of the spring 47 augments the force of gravity 
and aids in providing a quicker opening action 
against the friction of the stem 40 in its guides 
4 and 54 and the force necessary to compress the 
boot 42. . . 
iPreferably the spring 47 is a light one; for ex 

ample, a very successful valve uses a spring which 
exerts a force of about ten pounds. When the 
blast line is operated at 100 p.s. i., a typical dia 
phragm 43 (having an area of 20 Square inches) 
will be forced up with 2000 lbs. pressure by air 
in the chamber 46. Thus the spring will not open 
the valve until the air pressure in the upper 
chamber reaches about 1990 lbs., or 99.5 p.s. i. 
Due to this relationship, the valve 32 and the 
whole apparatus may be operated over a very wide 
range of pressures without changing the spring 
47, and the valve 32 will not open until the pres 
Sure in chamber 44-almost balances the pressure 
in chamber 46. 
The chamber 46 is kept under pressure con 

tinuously during operation of the machine, and 
this air pressure holds the cone 33 normally up 
against the opening 35. However, when the air 
pressure in the upper chamber 44 (in a manner to 
be described) balances the air pressure in the 
lower chamber 46, the weight of the cone and 
other moving parts overbalances the spring 47 
and the cone 33 drops, opening the valve 32. 
A baffle plate 48, 49 is positioned above each 

opening 34, 35 just above where the point of the 
cone 33 rests when the cone is in its upper or 
closed position. These baffles 48, 49 prevent the 
grit from stacking up over the openings 34, 35 
and keep the space above the openings free so 
that the cones 33 can close quickly and easily. 
Otherwise, when the pressure changes in the 
chamber 30 there might, be disruption of the 
System by a leak from the high pressure chamber 

into the lower pressure chamber 25. All the 
grit must pass through the spaces 50 between 
the periphery of the baffle plates and the hopper 
walls. Then it slides down the inclined hopper 
walls and into the vertical opening. 

Preferably a shroud 5 hangs down under 
neath - and around each opening 34 and 35 to 
keep grit out of the air openings adjacent the 
upper ends of the hoppers 4 and 30. 
The pressure in the reclaimer hopper 25 is 

normally about ten inches of mercury, while the 
pressure in the feed hopper chamber 4, during 
typical Operating conditions, is normally kept at 
about one hundred pounds per square inch; there 
fore, valves 3 and 32 are never allowed to open 
at the same time while the apparatus is operating. 
Moreover, the air inside the intermediate cham 
ber 30 is brought to a pressure approaching the 
pressure in the feed hopper f4 (approximately 
One hundred pounds per square inch in this case) 
before the valve 32- is opened. The pressure is 
reduced after the valve 32-closes and before the 
valve 3 opens. These conditions are obtained by 
means of the pressure control circuits shown in 



2,597,434 
5 

Fig. 2 and the electrical control circuits shown 
in Fig. 3. 

In the pressure conduit f is a master Solenoid 
valve 60, controlled by a suitable electric switch 
6 on the operating head 8. This switch 6 is 
thus used to shut the blast line off and on; it 
may also, if desired, be used to turn on and off 
the timing mechanism 80. - 
Between the valve 60 and the T fitting 2 

On the conduit is an X fitting 62. At the fitting 
62 two conduits 63 and 64 open off the line ff. 
The conduit 63 leads to the lower opening 36 of 
the lower dump valve 32 and air pressure therein 
urges the valve 32 toward a closed position when 
the machine is operating. 
The conduit 64 leads through a second Solenoid 

valve 65, which can effect control of the valves 
3 and 32 as well as the pressure inside the in 
termediate chamber 30. Beyond the Solenoid 
valve 65, is another X fitting 66, from which three 
conduits 67, 68 and 69 lead out. The conduit 67 
leads to the opening 45 in the upper chamber 
44 of the lower dump valve 32. Compressed air 
which passes through the Solenoid valve 65 is con 
ducted to the chamber 44 and opens the valve 32. 
The pressures above and below the diaphragm 43 
balance each other and gravity and the spring 
47 open the valve 32. - 
The conduit 68 leads to a third Solenoid valve 

70, and thence vents to the atmosphere when 
the valve 70 is open. The solenoid valve 70 is 
opened only When and at the same moment as 
the Solenoid valve 65 is closed, and at that time 
quickly bleeds the air. from the chamber 44, so 
that the lower valve 32 closes. 
The conduit 69 leads up through a check valve 

7 (which prevents air from flowing backwards 
through the conduit 69 and out the valve 70 
when the latter is open) to a T fitting 72. There, 
the conduit 69 is divided into a conduit 73 passing 
into the tank 30 and a conduit 74 leading to the 
dump valve 3. Thus, when the Solenoid valve 
65 is open, the valve 3 is closed almost im 
mediately and when the pressure inside the tank 
30 reaches approximately the level of the pres 
sure inside the hopper 14, the valve 32 opens. 

Preferably the conduits are of sufficiently small 
diameter so that the pressure does not build up 
instantaneously in the upper chamber 46 of the 
valve 32 or inside the intermediate chamber 30. 
After the valve 3 has closed, three or four sec 
Onds may elapSe before the pressure in the cham 
ber 46 and in the chamber 30 approximates the 
pressure in the hopper 4. In this way there will 
be no drop in pressure when the valve 32 opens. 
Otherwise, there will not be complete continuity, 
and a portion of the surface 9 may be skipped 
and not treated during the time necessary to 
equalize the pressure. This is one problem which 
the present device solves in the manner just 
indicated. 
A bleed conduit 75 leads out from the tank 

30 through a strainer 76 to a Solenoid valve 77, 
and when the valve 77 is open, air may pass out 
through a muffler 78 to the open air. The strainer 
7S prevents any grit from getting into Solenoid 
77 and damaging it, and the check valve 7 
performs the same function for the Solenoid 
valve 70. The muffler 78 silences the noise from 
the rush of air. 

Since the solenoid valve 60 is open whenever 
the machine is operating, the air current then 
flows through the blast conduit 7 and through 
the conduit 63 to fill the lower chamber 46 of 
the dump valve 32 to hold it closed. The other 
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6 
three solenoid valves 65, 70 and T7 are controlled 
by a timer 80. When the valve 65 is open, the 
valves 70 and 77 are closed, and vice versa. 
The electrical circuit is shown in Fig. 3. Pref 

erably a three line A. C. Supply is used, with one 
wire 8 grounded. From the second side 82 
and the third side 83 of a 110-volt A. C. Supply, 
wires 84 and 85 lead to a 110-volt-6-volt trans 
former 86. From each pole of the 6-volt side, 
wires 8 and 88 lead to a 6-volt relay 89, line 
88 passing through the master switch 6. From 
One pole of the relay actuator, a Wire 90 leads 
to the side 82 of the 110 volt input line. From 
the other side of the relay actuator 89, one wire 
9 leads to the master solenoid 60, and another 
wire 92 leads to post 93 of the timer 80. The 
Solenoid 60 is thus independent from the timer 
80, but both the timer 80 and the valve 60 are 
energized by the Switch 6. When the current 
is on, the valve 60 is always open, and the timer 
80 operates continuously. - 
Wires 94, 95 and 96 each lead from the timer 

post 93 to one side of the Solenoids 65, 70 and 
77, respectively. Wires 97 and 98 lead back from 
the opposite sides of the solenoids 70 and 77 to 
a switch element 99 of the timer 80, and a wire 
f00 leads from the opposite Side of the Solenoid 
65 to a switch element of on the timer 80. An 
other wire 102 leads from the timer post 03 
to the A. C. line 82. 

All three solenoids 65, 70 and 77 operate simul 
taneously but not in the same direction. That 
is, when the circuit controlling the valve 65 is 
closed so that the valve 65 is open, the circuit 
controlling the valves 70 and 77 is open so that 
the valves 70 and 77 are closed. Air will then pass 
into and be confined in the tank 30. When the 
circuit controlling the valve 65 is open, the valve 
65 is closed, and no air passes beyond it. Simul 
taneously, the other circuit is closed, and the 
valve T0 is opened to bleed off the valve 32 so 
that the latter closes almost instantly on a short 
drop in pressure. The same circuit simultane- . 
ously opens the valve 77 to bleed out the tank 
30 and valve 3, which opens when the pressure 
has dropped. 

In operation, when the master Switch 6 is 
turned on, the solenoid valve 60 is opened to 
admit air from the compressor 9 through the 
conduit to the feed tank 4 and feed valve 
6, so that abrasive is sent to the head 8. At 

the same time, the timer 80 is started and runs 
its cycle. 

For convenience, We shall aSSume that the 
Solenoid valve 65 is closed to begin with. There 
fore, no air flows from the conduit if into the 
conduit 64, and consequently none flows in the 
conduits 6, 73 and 74. The upper dump valve 
3 is held open by its spring and by gravity. The 
lower dump valve 32 is closed, because there is 
no pressure in the upper chamber 44 and the 
lower chamber 46 is under high pressure. The 
suction pump 20 is operating, and it keeps the 
reclaimer hopper 25 at a vacuum of about 10 
inches of mercury. Any reclaimed grit remain 
ing in the reclaimer 25 falls through the slits 
50 around the edges of the plate 48 and is stored 
in the tank 30. 

After a period of time determined to occur 
before all the grit is used out of the tank 4 the 
timer 80 throws a switch which opens the Sole 
noid 65 and closes the solenoids 70 and 71. Air 
then flows from the conduit , through the con 
duit 64, into the conduits 6, 73 and 74. From 
the conduit 74 air passes into the upper dump 
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valve 3d and closes it almost immediately. Air 
passing through the conduit 73 fills the tank 
30, and the pressure soon approaches and equals 
the pressure in the feed hopper 4. At the same 
time, air fills the upper chamber 44 of the valve 
32, and when it reaches a pressure closely ap 
proaching that in chamber 46, the valve is opened 
by its spring 47 and its co-acting forces. Grit 
inside the tank 30 can then fall down through 
the slits 50 around the baffle 49 and down into 
the feed hopper 4, replenishing it without in 
terfering With the pressure conditions in the 
blast line. 
When the timer 80 reaches another predeter 

mined position, the Solenoid valve 65 is closed 
and the valves 70 and 77 are opened. Conduits 
67, 73 and 74 are cut off from their supply of 
air, while conduits 68 and 75 are opened to the 
atmosphere. Air immediately bleeds out of the 
upper chamber 44 of the lower dump valve 32, 
while the check valve if prevents any cushioning 
effect from the conduits 73 and 74. When the 
pressure has dropped only a short Way (usually 
a pound, or less) the air pressure in the chamber 
46 closes the lower dump valve 32. The air in 
the tank 3) flows to atmosphere out the conduit 
5 through the strainer 76, solenoid valve 77, and 

muffler 78. Simultaneously the air in the upper 
dump valve 3f flows back through the conduit 
74 into the conduit 73, through the tank 30 and 
the conduit 75, and Out to atmosphere. When 
the pressure is low enough (i. e., approaching 
atmospheric), the upper dump valve 3 opens, 
and what little air remains is immediately Sucked 
out by the pump 20. In a typical installation 
the pump 20 draws 300 cubic feet of air per 
minute. Since the volume of the chamber 30 
is only a cubic foot or so, this small pressure dif 
ferential will not affect the operation at the 
head. When the valve 3 f opens, the grit stored 
up in the chamber 25 may then fall down again 
into the chamber 30, completing the cycle. 
What is claimed iS: 
1. An apparatus for continuous abrasive-blast 

ing, comprising a feed hopper for storing abra 
sive material, an air blast line, a feed Valve for 
feeding said material into said line, an operat 
ing head where said material is impinged against 
a surface, a suction line for withdrawing said 
material and waste from said surface, a separator 
for salvaging said material out of Said waste, a 
reclaimer hopper for receiving said withdrawn 
material, an intermediate hopper between Said 
reclaimer hopper and said feed hopper, a first 
transfer valve between said reclaimer hopper and 
said intermediate hopper, a second transfer valve 
between said intermediate hopper and said feed 
hopper, a timing device, and an electrical relay 
operated by said timing device to alternately 
close said first valve and open said second valve 
and close said second valve and open Said first 
Wave. 

2. An apparatus for continuous abrasive-blast 
ing, comprising a feed hopper for storing abra 
sive material, an air blast line, a feed valve for 
feeding said material into said line, an operating 
head where said material is impinged against a 
surface, a suction line for withdrawing Said ma 
terial and waste from said surface, a separator 
for salvaging said material out of Said Waste, a 
reclaimer hopper for receiving said Salvaged ma 
terial, an intermediate hopper between said re 
claimer hopper and said feed hopper, a first 
transfer valve between said reclaimer hopper and 
said intermediate hopper, a second transfer valve 
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8 
between said intermediate hopper and said feed 
hopper, a timing device, an electrical relay oper 
ated by said timing device to alternately close 
said first valve and open said Second valve and 
close said second valve and open said first valve, 
means to admit air to said intermediate hopper 
when said first valve is closed, and means to 
bleed air from said intermediate hopper when 
said second valve is closed. 

3. An apparatus for transferring granular ma 
terial from a low pressure chamber to a high 
pressure chamber, comprising an intermediate 
chamber placed below said low pressure chamber 
and above said high pressure chamber, a first 
valve between said intermediate chamber and 
said low pressure chamber, a second valve be 
tween said intermediate chamber and Said high 
pressure chamber, a timing device, and means 
operated by said timing device for alternately 
opening said first valve while said Second valve 
is closed and opening said Second valve while 
said first valve is closed. 

4. The apparatus of claim 3 in which there is 
means controlled by said timer for increasing 
the pressure in said intermediate chamber be 
tween the time said first valve closes and the time 
said second valve opens, and means controlled 
by said timer for reducing the pressure in said 
intermediate chamber between the time said Sec 
ond valve closes and the time said first valve 
OpenS. 

5. An apparatus for transferring granular ma 
terial from a low pressure chamber to a high 
pressure chamber, comprising an intermediate 
chamber placed below said low pressure chamber 
and above said high pressure chamber, a filst 
valve between said intermediate chamber and 
said low pressure chamber, a second valve be 
tween said intermediate chamber and said high 
pressure chamber, a timing device, and an elec 
trical relay control operated by said timing de 
vice for alternately opening Said first valve While 
said Second valve is closed and opening said sec 
ond valve while said first valve is closed. 

6. An apparatus for transferring granular ma 
terial from a low pressure chamber to a chamber 
maintained at high pressure by a high pressure 
line without upsetting the pressures concerned, 
comprising an intermediate chamber placed be 
low Said low pressure chamber and above Said 
high pressure chamber; an air operated valve 
between said intermediate chamber and each of 
the other said chambers; a first Solenoid valve 
adapted to open for simultaneously admitting air 
from said high pressure line to the upper of Said 
Valves to close it and for admitting air from 
said high pressure line to said intermediate 
chamber to build up the pressure therein and 
for admitting air from said high pressure line 
to Said lower valve to open it when its pressure 
and the pressure in said intermediate chamber 
reach a predetermined value, said solenoid valve 
also being adapted to close for simultaneously 
cutting off all air from the high pressure line 
to Said valves and said intermediate chamber; 
a Second solenoid valve adapted to open to bleed 
air from said lower valve to close it; a third 
Solenoid valve adapted to open for bleeding air 
from Said intermediate chamber so that its pres 
Sure may be reduced and from said upper valve 
So that it may open when its pressure drops be 
low a certain point; an electrical circuit to oper 
ate said solenoid valves; and a timer which 
adapted to alternately open said first solenoid 
valve and simultaneously close said second and 
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third solenoid valves for one part of a cycle, and 
to close said first Solenoid valve and simultane 
Ously Open said Second and third Solenoid valves 
Over another part of said cycle. 

7. An apparatus for continuous abrasive-blast 
ing, Comprising: a feed hopper for storing abra 
Sive material; an air blast conduit; means for 
feeding said material into said conduit; means 
for impinging Said material from said conduit 
against a Surface to be treated; means for with 
drawing Said material from said surface; a re 
claimer hopper for receiving said withdrawn ma 
terial; an intermediate hopper between said 
reclaimer hopper and said feed hopper; a first 
transfer valve between said reclaimer hopper and 
said intermediate hopper; a second transfer valve 
between said intermediate hopper and said feed 
hopper; a timing device; and means actuated by 
Said timing device for alternately closing said 
first valve and opening said second valve, and 
closing said Second valve and opening said first 
valve. 

8. An apparatus for continuous abrasive 
blasting, comprising a feed hopper for storing 
abrasive material; an air blast conduit; means 
for feeding said material into said conduit; means 
for inpinging Said material from said conduit 
against a Surface; means for withdrawing said 
material from Said surface; a reclaimer hopper 
for receiving Said withdrawn material; an inter 
mediate hopper between said reclaimer hopper 
and said feed hopper; a first transfer valve be 
tWeen said reclaimer hopper and said intermedi 
ate hopper; a second transfer valve between said 
intermediate hopper and said feed hopper; a 
tinning device; means actuated by said tinning 
device for alternately closing said first valve and 
opening said second valve, and closing said second 
Valve and Opening said first valve; means for ad 
mitting air to said intermediate hopper when said 
first valve is closed; and means for bleeding air 
from Said intermediate hopper when said second 
Wave is closed. 

9. An apparatus for transferring granular ma 
terial from a first chamber to a Second chamber, 
comprising an intermediate chamber placed be 
tWeen said first and second chambers; a first valve 
between said intermediate chamber and said first 
chamber; a Second valve between said intermedi 
ate chamber and said Second chamber; a timing 
device; and means operated by said timing device 
for alternately opening Said first Valve while said 
Second valve is closed and opening said second 
valve while said first valve is closed. 

10. The apparatus of claim 9 in which there 
is means controlled by Said timer for increasing 
the pressure in Said intermediate chamber be 
tween the time said first valve closes and the time 
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said second valve opens, and means controlled by 
said timer for reducing the pressure in said inter 
mediate chamber between the time said second 
valve closes and the time said first valve opens. 

11. An apparatus for transferring granular ma 
terial from a low pressure chamber to a chamber 
maintained at high pressure by a high pressure 
line, without upsetting the pressures concerned, 
comprising an intermediate chamber placed below 
Said low pressure chamber and above said high 
preSSure chamber; a pair of pneumatic valves, 
one being located between said intermediate 
chamber and each of the other said chambers to 
open and close the passages between said cham 
bers; a first control valve adapted when opened 
to simultaneously admit gas from said high pres 
Sure line to the upper of said pneumatic valves to 
close it and to admit gas from said high pressure 
line to said intermediate chamber to build up the 
preSSure therein and to admit gas from said high 
preSSure line to the lower of said pneumatic Valves 
to open it when its pressure and the pressure in 
Said intermediate chamber reach a predetermined 
value, Said first control valve also being adapted 
When closed to simultaneously cut of all gas from 
the high pressure line to Said pneumatic valves 
and said intermediate chamber; a second control 
valve adapted When opened to bleed gas from said 
lower pneumatic valve to close it; a third control 
valve adapted when opened to bleed gas from said 
intermediate chamber so that its pressure may 
be reduced and from Said upper pneumatic valve 
So that it may open when its pressure drops 
below a certain amount; and timing means 
adapted to alternately open said first control valve 
and simultaneously close said second and third 
Control valves for One part of a cycle, and to close 
said first control valve and simultaneously open 
Said Second and third Control Valves for another 
part of said cycle. 

LEWIS H. BSHOP. 
JOHN S. FINN. 
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