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?? invention relates to conveyer apparatus 
particularly adapted for use in connection with 
underground excavations. - 
One of the objects of my invention is the prO 

5 Vision of a continuously operable conveyer Sys 

O 

15 

tem between a tunnel heading underground to 
an unloading Station abOve grOLInd. 
Another object Of the inventiOn is the provi 

sion of improved and efficient mechanism for 
conveying material through a partition from a 
contpressed air chamber. ?--- 
A further object of the invention is the method 

of removing excavated material from a com 
pressed air chamber through an auxiliary air 
locked auxiliary chamber to avoid disturbance 
of the air in the compressed air chamber. 
More particularly it is the object of the pres 

ent invention to provide for conveyer apparatus 
in a tunnel auxiliary compressed air chambers 
and mechanism to control the pressure of the 
air therein and the passage of excavated mate 
rial therethrough so that without interruption 
Such material may be effectively transferred 
through a bulkhead in a tunnel from the com 
pressed air chamber where workmen are ex 
cavating at the tunnel heading. 
Other objects of the invention will appear 

hereinafter, the novel features and combina 
tions being set forth in the appended claims. 
In the accompanying drawings 
FigS. 1, 2 and 3 placed end to end represent 

more or leSS diagrammatically my improved 
method and apparatus for removing excavated 
material from a compressed air chamber at a 
tunnel heading. - 

Fig. 4 is a sectional view taken on the line 
4-4 of Fig. 1 looking in the direction of the 
8;""OWS. . . . 

Fig. 5 is a sectional view taken on the line 
5-5 of Fig. 2 looking in the direction of the 
arrows toward the bulkhead in the tunnel; 

Fig. 6 is a Sectional view on the line 6-6 of 
Fig. 2 looking in the direction of the arrows to 
Ward the bulkhead in the tunnel; 

Fig. 7 is an enlarged side view of a portion of 
the conveyer shown in Fig. 1; 

Fig. 8 is a sectional view on the line 8-8 of 
Fig. 7 looking in the direction of the arrows; 
and - 

Fig. 9 is an enlarged Sectional View taken on 
the line 9-9 of Fig. 2 looking in the direction 
of the arrows. 

Referring to Fig. 1, 0 designates a cylindrical 
shield having transverse horizontal platforms 
on which the workmen may stand while manu 

(C. 6-84) 

ally excavating the material from the Working 
face 2 of the cylindrical tunnel. HopperS shown 
diagrammatically at 3 may be located in con 
venient position at the various platforms to 
receive excavated material for passage into the 
chute 4 and then into the receiving end of the 
endless conveyer 5. . . . . 

Back of the cylindrical shield. the cylindri 
cal wall of the tunnel may be composed of Con 
crete 6 reinforced by the metal structure illus 
trated at 7 in the usual manner of lining such 
tunnels to withstand enormous external pres 
sures, particularly when the tunneling is being 
carried on through earth beneath a body of 
water. . - 

As the excavation from the working face or tun 
nel heading 2 proceeds and the tunnel is thereby 
lengthened the shield ) is moved forWard from 
time to time and the tunnel lining 6, it extended 
accordingly. . - 
I therefore prefer to mount the conveyer 5 on 

a carriage 8 the lateral ends of which are pro 
vided with longitudinal guide shoes 9, 9 adapted 
to engage the upper sides of two series of rollers 
20, 20 mounted on the brackets 21, 2 which are 
located on opposite walls of the tunnel at the ele 
vation illustrated in Figs. 1 and 4. It should be 
particularly understood that the frame 8 serves 
to support the conveyer structure 5 for move 
ment forwardly along the brackets 2, 2 so that 
as the shield 0 is stepped forward to the Working 
face or tunnel heading from time to time and the 
tunnel lining is extended accordingly the frame 
f8 is moved along the brackets 2, 25 to maintain 
the receiving end 22 of the conveyer 5 under the 
chute 4. 
The frame of the conveyer structure t5 is se 

cured rigidly at its rear end to the carriage frame 
8 so as to move bodily therewith at all times. 
The forward inclined portion of the conveyer 15 
and the receiving end 22 thereof are therefore 
suspended in a space which is free- and unob 
structed, thereby facilitating loading excavated 
material onto the conveyer and the operations 
necessary to move the shield 0 forwardly and to 
extend the tunnel walls. If desired the floor 23 
may be extended forwardly under the conveyer 5 
so as to lend support to the inclined portion 
thereof as shown in Fig. 1. 
The conveyer apparatus 5 may be composed of 

two sections 24, 25 each operable independently 
of the other by separate motors 26, 2 connected 
by the chains 28, 29 to the sprockets which drive 
the chains of the conveyer sections. 

Either conveyer 24 or 25 may be operated O 
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both may be simultaneously operated to deliver 
material to the hopper 30 for passage to the belt 
conveyer. Lateral spaced-apart vertical guides 32, 
32 may be mounted on the supporting frame 33 of 
the conveyer 3' to prevent the material delivered 
to the belt 3 from Spilling off the sides. The 
Vertical guide was 32 may extend rearwardly to 
the rear end of the conveyer 3 f' as shown in Fig. 
1. So that as the carriage 3 moves forward step 
by step toward the tunnel heading the lower de 
livery mouth of the hopper 3 will remain in de 
livery communication with the conveyer belt 3f. 
When the rear end of the conveyer 3 f' is 

reached by the step by step movements of the 
conveyer 5 toward the tunnel heading the con 
veyer 3' and the frame 33 may be extended by 
having sections added thereto and a section of 
belt 3 may be inserted and the apparatus re 
assembled in its extended position. The walls 32 
may be noved for Wardly accordingly. Such ex 
tensions of the conveyer 3i' may be repeated until 
the tendency for Water to seep into the tunnel 
through the working face becomes so great that 
the compressed air is unable to prevent it, where 
upon the building of another bulkhead or parti 
tion in the tunnel, to the right of the conveyer 
3' as viewed in Fig. 1, will become necessary. 
While various types of conveyer apparatus may 

be mounted on the floor 2S in the manner shown 
in Figs. 1 and 2 I prefer to use an endless belt 
conveyer for use in tunnels. The belt 3 is shown 
in Figs. 7 and 8 mounted on the rollers 35, 36 in 
trough-shaped formation so far as the upper run 
is concerned while the lower run is guided along 
the cross rollers 3 journaled in the framework 
33. The rollers 35, 36 are shown supported by 
means of the standards 38 secured to the frame 
Work. - 

The rear end of the conveyer 3’ is Supported 
in an upWardly inclined position as shown at the 
left-hand end of Fig. 2. The belt 3 is arranged 
to be driven by the motor 40 and sprocket chain 
4. 

deliver material into the hopper 42 as shown in 
Figs. 2 and 5. From the hopper 42 the material 
may pass into one of the branches 43 or 44 of a 
bifurcated chute. The entrance of the material 
into one of the branches 43, 44 is controlled by the 
deflector valve 45 hinged at 46 as shown in Fig. 5. 
This valve may be operated by applying proper 
power to one of the arms 47. When the valve 45 
is in the position shown in Fig. 5 the material will 
pass from the conveyer 3’ through the hopper 42 
into the branch chute 44. 

Near the lower ends of the chutes 43, 34 are 
slide valves 48, 49 which may be operated by 
means of the exterior rods 50, 5. When the de 
flector valve 45 is in the position shown in Fig. 5 
SO as to establish communication between the hop 
per 42 and the chute 44 the valve 49 should be 
open and the valve 50 closed. 

Extending through the bulkhead or partition 
96 in the tunnel are two tanks 52, 53 each prefer 
ably of metal and each preferably cylindrical and 
capable of Withstanding an internal air pressure 
equal to that used in the chamber at the tunnel 
heading to the left of the bulkhead 96 as viewed 
in FigS. 1 and 2. The auxiliary chambers afforded 
by these tanks are each entirely closed. The 
chute 43 communicates through an airtight con 
nection. With the tank 52 and the chute 44 com 
municates through another air tight connection 
With the tank 53. 

Each tank is provided with an endless belt con 

The rear end of the conveyer 31' is arranged to 

1,999,419 
weyer a cross-section of which is shown in Fig. 9. 
The conveyer frame 53' is secured by means of 
brackets 54, 54 to opposite walls of the tank and 
guide rollers 55, 56 are mounted on standards 57 
to support the upper run of the endless belt 58 
in trough formation. While the lower run of the 
beit is guided on the lower rollers 59 journaled 
in supports on the under side of the frame 
WyOrk 53?. 

Also mounted on the framework 53' are the 
standards 59, 59 which serve as SupportS for the 
vertical Walls 60, 60 at the Sides of the belt con 
veyer. The lower ends of these walls connect 
with the longitudinal plates 6 , 6 and angle 
bars 62, 62 to support the angular sealing plates 
63, 63 which engage the upper surface of the up 
per run of the belt. While an arcuate CrOSSpiece 
64 extends between the upper ends of the walls 
60, 60 it should be understood that the longi 
tudinal chute formed by the walls 60 is in free 
communication with other portions of the tank 
So far as air pressure is concerned. 
The pressure of the air in the working chamber 

65 may be controlled by the valve 66 in the supply 
pipe S which extends through the bulkhead 96 
as shown in Fig. 2 while exhaust may be effected 
through the exhaust pipe 68 under the control of 
the valve 69. 

Likewise the air pressure in each tank may be 
controlled by means of valves in Supply and ex 
haust pipes. Each tank is provided with a Supply 
pipe and an exhaust pipe each pipe having a 
control valve therein. For the tank 53 a Supply 
pipe is shown at 70 with a control valve if there 
for and an exhaust pipe is shown at T2 with a 
control valve 3 therefor. . 

Extending through openings in the lower sides 
of the rear elevated ends of the tanks 52 and 53 
are chutes 74, 75 each of which makes an air 
tight fit with the walls of the tank to which it is 
connected. Slide valves 76, 77 are relied on to 
control the passage of the material from the 
chutes 14, 75 into the hopper 78 which extends 
through the floor 79 as shown in Fig. 6. 
The conveyers 58 and 80 in the tanks 52 and 53 

are operable individually and independently rf 
each other as shown in Fig. 6 which is a view 
taken on the line 6-6 looking in the direction of 
the arrows or to the left toward the bulkhead 52. 
Electric motors 8 and 82 may be connected 
through self-locking worm gearing 83, Sprockets. 
84 and sprocket chains 85 to the conveyerS 58 
and 83 to drive the same alternately. 
When material passes into the hopper 78 it is 

discharged therefrom through the mouth or Spout 
86 between the protecting walls 87, 87 onto the 
extensible conveyer. This conveyer may be the 
same in construction as that shown in Figs. 7 and 
8, but on account of the inclined receiving end 
adjacent the hopper 78 the conveyer 88 is ex 
tended by inserting sections intermediate its ends 
and extending the endless belt likewise. ... Such 
extension is effected from time to time when a 
tunnel underground is started and is discontinued 
after the position is reached where a bulkhead 
is necessary. . . - 
The delivery end of the conveyer 88 is provided 

with a delivery chute 89 through which the ma 
terial passes onto the receiving end of the con 
veyer 98. The latter is diagrammatically shown. 
in Fig. 3 in position to take the material from the 
entrance to the tunnel and deliver it to the hopper 
9 from which it may be discharged through the 
control valve 92 into wagons on the street level 93. 
The conveyers 88 and 90 are individually and 
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separately operable. The conveyer 38 is operable 
by means of the motor 94 geared thereto and the 
conveyer 99 is operable by the motor 95 geared 
thereto. Each of the six conveyers between the 
tunnel heading and the street level is independ 
ently and Separately operable so that any one 
of them may be controlled to start, stop or op 
erate at any desired speed. 

In the conveying Systema disclosed the : closed 
compressed air tanks 52, 53 forming the auxiliary 
chambers are prefebaly inclined upwardly as 
shown in Fig. 2 SO as to afford Sufficient room or 
space for the receiving hopper and the discharge 
hopper and the chutes connected to these 
hopperS. 

in operating the system disclosed it is desirable 
to convey the excavated material from the tillianel 
heading to the street above ground without inter 
ruption. That is to say, the excavated material 
is conveyed from the compressed air Working 
chamber at the tunnel heading through the bulk 
head and thence above ground in one continuous 
operation without disturbing the compressed air 
chamber. 
The chutes 3, 44 leading downwardly from 

the hopper 42 have an air tight fit with the tanks 
52, 53 and the slide valves 48 and 49 when closed 
are also air tight. Likewise the chutes 74, 75 
have an air tight fit with the elevated ends of the 
tanks 52, 53 and the slide valves i G and i When 
closed are also air tight. - ? 
After the air in the Working chamber 65 has 

been brought up to the desired pressure, such as 
a pressure of between twenty and thirty-five 
pounds per square inch or more, by manipulating 
the valves 66 and 69 the pressures in the tanks 
52, 53 may be regulated by means of the valves 

During such operations care must be 
exercised to keep the valves 48, 49 and 6, 77 
closed. 
When excavated material is directed to the 

hopper 42 the latter may act as a storage hopper 
of material whenever desired. Either or both 
conveyers 24, 25 may therefore be operated con 
tinuously while a change is being made from One 
tank to another. When the valve 45 is in the 
position shown in Fig. 5 the material Will be di 
rected into the chute 44 but so long as the valve 
#9 is closed the hopper 42 continues to act as a 
storage hopper. 
When all the valves 48, 49 and 8, 7 are closed 

the air in either tank may be exhausted Or Com 
pressed. If the material is to be directed into 
the tank 53 the exhaust valve 73 is kept closed 
and the Supply valve opened. The valve 
should also be kept closed. Compressed air en 

60 

ters the tank through the supply pipe 70 until 
the air in the tank 53 is at the same pressure as 
that in the Working channber 65, Whereupoin the 
valve is closed. Then by Opening the valve 
49 the material may be discharged from the hop 
per 42 through the chute 44 to the conveyer 58. 
This will be accomplished readily since the air 
pressure is the same on both sides of the valve 49, 
that is, the air pressure in the tank 53 is the 
same as the air pressure in the Working chamber 
65. Consequently there will be no disturbance 
of the compressed air in the working chamber 
S5 when the valve 49 is opened. 
Now by starting the motor 82 the conveyer 58 

may be operated to fill with material the trough 
formed by the walls 6, 6) and the upper run 
of the belt 53 until the hopper 75 is filled while 
the valve is still closed. The conveyer 58 
should then be stopped. When the hopper 42 

3 
and chute 44 are emptied or nearly, so the valve 
49 is again closed and the motor 82 stopped. 
The valve 49 must be closed before the valve 
cata be opened. But before the Walwe 7 is opene 
after the valve 49 is closed the compressed air 
in the tank 53 should be bled by opening the 
exhaust valve 73. When the air in the tank 53 
is at atmospheric pressure the valve 7 may be 
opened and the motor 82 restarted whereupon 
the material in the tank 53 and the hopper 75 
will be discharged through the hopper 73 and 
Spout 86 onto the conveyer 88 for delivery by 
the latter to the street hopper 9 f. 
While the compressed air is being bled from 

one tank, the other tank may have its interior 
pressure brought up to that of the working cham 
ber, 
be alternately operated so that there need be no 
interruption of the excavating operations at the 
tunnel heading. : ... ." 

After the conveyer in the tank 53 has been 
filled with materia and the yalwe : 49 closed the 
defector valve 45 shown in Fig. 5 may be thrown 
to its opposite positio so as to direct material 
from the hopper E3 into the chute 3. As soon as 
it is certain the air pressure in the tank 52 is 
equal to that in the working chamber 65 the 
valve 48 may be opened and the motor 8 started 
until the hopper 42 and chute 3 are emptied or 
nearly So... Then after closing the valve 48, stop 
ping the motor 8, and bleeding the compressed 
air from the tank S2 the material may be dis 
charged to the conveyer 88. . . 
... The motors 8 and 82 may be provided with 
the usual and Well known starting, stopping and 
controlling devices; the motors may be operated 
at Varying Speeds. For instance, in order to ob 
tain a Substantially continuous discharge of ma 
terial through the hopper 8 onto the conveyer 
88 the motors 8, 82 may be operated and con 
trolled So that as soon as one conveyer 58 stops 
delivering material the other may be started to 
discharge material to the hopper 8. This may 
be accomplished by operating one of the notors 
at two speeds and the other always at the same 
speed. The two speed motor is operated at its 
higher speed while its conveyer is being loaded 
and is operated at its lower Speed while discharg 
ing. The distribution of transfer of material 
through the bulkhead is therefore regulated by 
timing the starting, stopping and operation of 
the motors 8, 82 in accordance with the desired 
distribution along the constantly moving con 

The conveyers in the tanks may therefore 
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veyer 88. Consequently a continuous transfer of . 
material from the tunnel heading to the unload 
ing position above ground may be aSSured. 

It can readily be seen that by having two tanks 
to afford two air locked auxiliary chambers the 
material may be delivered alternately to these 
chambers while having the air pressure therein 
equal to that in the working chamber. Further 
more, the material may be alternately discharged 
from these air-locked chambers While at atmos 
pheric pressures. The air pressures on opposite 
sides of the valves 48, 49 being equal there will 
be no tendency for the air to flow into or out of 
the working chamber 65 and these valves can be 
operated very freely. The valves 76, T7 are also 
freely operable since they are opened only when 
atmospheric preSSure is present on both sides of 
the same. 

In Figs. 5 and 6 I have illustrated diagram 
matically at 97, 98 and 99 the usual air tight doors 
in the bulkhead 96. The door 97 is preferably at 
the level of the floors 23 and 79 shown in Fig. 2. 
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The door 98 may be used for ingress and egreSS 
of the Workmen relative to the Working chamber 
65, while the opening for the door 99 serves pref 
erably as an emergency exit from the compressed 
air chamber 65. 

Obviously those skilled in the art may make 
various changes in the details and arrangementS 
of parts without departing from the Spirit and 
scope of the invention as defined by the claims 
hereto appended, and I wish therefore not to be 
restricted to the precise construction herein dis 
closed. 

Having thus described and shown an embodi 
ment of my invention what I desire to Secure 
by Letters Patent of the United States is:- 

1. In conveyer apparatus, the combination. With 
a tunnel bulk-head, of two air pressure cylinders 
extending through said bulk-head, a hopper, Con 
veying mechanism for delivering material to Said 
hopper, means for delivering material from Said 
hopper to either of said cylinders, two valves One 
for each of said delivering means to cut off com 
munication between said cylinders and Said hop 
per when material is not being delivered to Said 
cylinders, conveyers one in each of said cylinders, 
means for directing discharge of material from 
said cylinders, valves in said discharge means to 
close communication between said cylinders and 
the atmosphere, and means for controlling the 
air pressure in said cylinders to effect maximum 
air pressure therein when receiving material from 
said hopper and minimum air pressure When dis 
charging material. S. 

2. In conveyer apparatus, the combination with 

a bulkhead, of means comprising an upwardly 
inclined compressed ... air chamber extending 
through said bulkhead, means comprising trav 
eling conveyer mechanism and a chute for effect 
ing the introduction of material into Said cham 
ber at One side of Said bulkhead, means com 
prising a chute and traveling conveyer mechanism 
for transferring the material away from the other 
side of said bulkhead, a traveling conveyer within 
said chamber for transferring the material from 
the first-named chute along the upward incline to 
the second-named chute, inlet and outlet valves 
for the passage of material into and out of said 
chamber, and means for controlling the air pres 
sure in said chamber. 

3. In conveyer apparatus in combination with 
a tunnel bulkhead of two air pressure cylinders 
extending through said bulkhead, a hopper, 
means for delivering material from said hopper. 
to either of said two cylinders, two valves, one 
for each of said delivery means to cut off com 
munication between either of said cylinders and 
the hopper when material is not being delivered 
to said cylinder, conveyers, one in each of said 
cylinders, means for directing discharge of ma 
terial from said cylinders, valves in Said discharge 
means to close said cylinders at the discharge ends 
thereof, and means for controlling the air pres 
Sure of Said cylinders to effect maximum air preS 
sure therein when receiving material from said 

O 

15 

20 

25 

3 

hopper and minimum air pressure when dis 
charging material. • - 
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