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[5 7] ABSTRACT 

Apparatus for mining coal or other mineable material, 
of the continuous or mobile type, having a cutter head 
operative to engage and work the mine face, and hav 
ing associated therewith one or more vacuum lines or 
air suction conduits which are critically oriented rela 
tive to the working face and the cutter head. A main 
vacuum line may be employed to pneumatically con 
vey the freshly mined, lump size coal to ground level, 
or to a subsurface grinder, or other site remote from 
the mine face. One or more auxillary vacuum lines 
may be positioned to terminate adjacent the mine roof 
and ?oor, and in close proximity to the working face, 
to scavenge methane, carbon dioxide, carbon monox 
ide and coal dust. 

6 Claims, 4 Drawing Figures 
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MINING MACHINE INCLUDING MEANS FOR 
UTILIZING VACUUM AT WORKING FACE AND 

METHODS OF OPERATION THEREOF 

BACKGROUND OF INVENTION AND PRIOR ART 

This invention relates to the art of mobile coal min 
ing machines. More particularly, the invention is ad 
dressed to mining apparatus having, in operative com 
bination therewith, means to apply vacuum to selected 
areas adjacent to or in the vicinity of the working face 
whereby the atmosphere within the tunnel may be used 
as a motive fluid for a variety of useful functions includ 
ing the transfer of freshly mined lump size coal away 
from the working face, for example, to ground level, 
and the concomitant removal of methane and coal 
dust. 

In coal mining operations, the problems of methane, 
CO2, CO and coal dust accumulation have always been 
serious. The explosion and health hazards are obvious. 
Naturally, there have been many prior art proposals to 
deal with these problems. The utilization of vacuum or 
air suction systems within a coal mine is, broadly speak 
ing, not new in the art. For example, Ziemba et al. U.S. 
Pat. No. 3,387,889, discloses an air pump acting 
through a forwardly mounted duct to suckup and 
remove coal dust from the floor of the tunnel in the 
vicinity of the cutter heads. The patentees’ system is in 
capable of conveying the coal cuttings per se, which are 
of relatively large size, say of the order of one to two 
inches on the average, as resulting from the disintegrat 
ing action of the typical cutter head. Also, the location 
of the suction duct adjacent the mine floor is ineffec 
tually suited for methane removal, inasmuch as 
methane, being lighter than air, tends to accumulate is 
higher concentrations at the mine roof. 
Densmore U.S. Pat. No. 3,225,678 teaches a similar 

arrangement. White U.S. Pat. No. 2,100,178 proposes 
to alleviate build-up of coal dust by enclosing a 
mechanical conveyor with a vacuum hood. Reeder U.S. 
Pat. No. 2,375,689 discloses the use of a grinding wheel 
which pulverizes the coat at the face of the vein to a 
?nely divided state. The grinding wheel is enclosed by a 
hood to which air suction is applied and the ?nely pul 
verized coal dust is conveyed through a conduit to 
storage area remote from the working face. The disad 
vantages of such arrangement are at least two-fold. It 
results in the generation of excessive and hazardous 
quantities of coal dust at the face, and the mine opera 
tor must limit himself to production of pulverized coal 
only, as distinguished from the generally more desira 
ble lump size coal. None of these conventional schemes 
have been completely successful even for their limited 
purposes. And, as far as I am aware, the prior art has 
not revealed a means for pneumatically conveying 
lump size coal cuttings directly from the cutter head to 
a site remove from the mine face, nor has the prior art 
evolved a satisfactory means speci?cally designed for 
rapid and efficient methane, CO, and CO removal. 
The aforesaid problems have been rendered all the 

more difficult of solution in view of recently enacted 
federal mine safety legislation imposing much more 
stringent safety standards on mine operators. Permissi 
ble concentrations of methane and dust have been 
drastically reduced. Ventilation requirements have 
been substantially increased, for example, a minimum 
air ?ow of 3,000 CFM is required at the working face. 
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One of the seemingly better, more recent proposals to 
effectuate air circulation rates of this magnitude is to 
enroll a continuous vertical brattis cloth curtain along 
and away from the rib to de?ne a small passageway, 
through which large volumes of air are forced by 
blower or otherwise across the face. Nevertheless, such 
arrangement presents other hazards as well, requires 
more or less continuous attending to, and actually 

0 tends to scatter methane and coal dust in its arti?cially 
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induced travel rearward toward the nearest air outlet, 
as well as to dry up the mine and increase the explosion 
potential. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is a primary object of my invention to provide a 
method and means for pneumatically conveying lump 
size coal cuttings directly from the cutter head to a site 
remote from the mine face, preferably to a surface 
located storage area. 

It is another primary object of my invention to 
furnish a method and means for ef?ciently scavenging 
freshly liberated methane and accumulations of CO2 
and CO from the region of the mine face and transport 
ing same by a con?ned stream of air, isolated from the 
surrounding atmosphere, to the exterior of the mine. 
A further object of my invention is to provide a 

method and means for removing coal dust from the im 
mediate vicinity of the mine face and pneumatically 
transporting same to a local storage zone or to a ground 
level storage area. 
Another object of my invention is to induce a suf? 

cient magnitude of air ?ow, at and across the mine so 
that brattice cloth curtains and blowers stirring up face 
dust and further drying up the mine would be 
eliminated. 
Yet another object of my invention is to provide a lo 

cally positioned coal grinding means disposed a short 
distance from the mine face, and desirably carried by 
or integral with the mining machine itself, which 
receives the coal cuttings carried through a main suc 
tion line and reduces the size of the cuttings to about 
one inch uniform or less ( l" X 0). 
A still further object, related to that immediately 

preceding, is to introduce the resulting ground coal into 
the discharge side of an air blower and pneumatically 
conveying the coal, under positive pressure, to the 
mine surface or to a cyclone discharge onto a belt con 
veyor. 
These and other objects and advantages of my inven 

tion will become apparent to those skilled in the art in 
light of the detailed description to follow. 
One embodiment of my invention is directed to a 

mining machine, comprising in combination, a mobile 
cutter head support means, a cutter head extending for 
wardly of said support means for mine face engage 
ment, said cutter head being operative to engage the 
mine face and to fracture mine material therefrom in 
the form of lumps having a size of from about 1 inch to 
about 2 inches, a vacuum shield means proximately 
spaced from and at least partially enclosing said cutter 
head, an air suction conduit connecting with said shield 
means, air pump means connecting with said air suc 
tion conduit, whereby ambient air entering said shield 
means picks up said lumps directly as they are disin 
tegrated from the mine face by said cutter head and the 
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lumps are pneumatically conveyed through said suction 
and crusher to receptacle means remote from the mine 
face. ' 

Another embodiment of the invention is addressed to 
a mining machine comprising a mobile cutter head sup 
port means, a controllable cutter head extending for 
wardly of said support .means for mine face engage 

. ment, said cutter head being operative to engage the 
mine face and to fracture mine material therefrom, and 
a methane scavaging system comprising an air suction 
conduit having an open end positioned immediately to 
the rear of said cutter head and proximately spaced 
from the mine roof, air pump means connecting with 
said sir suction conduit, whereby methane freshly 
liberated from the mine face is immediately picked up 
by an ambient air stream entering said suction conduit 
and transported through said suction conduit to a site 
remote from the mine face, and into the flow of air 
being discharged from the mine. 
A more specific embodiment of the invention relates 

to a combination of the immediately preceding two em 
bodiments. 

In a method aspect, the invention relates to an im 
provement in the art of mining coal including the step 
of disintegrating coal from a mine face in the form of 
lumps having a size of from about 1 inch to about 2 
inches, which improvement comprises intercepting said 
lumps before the latter strike the mine floor and, 
without effecting any further size reduction thereof, in 
troducing the lumps into a confined stream of air, iso 
lated from the surrounding atmosphere, and pneumati 
cally conveying the lumps to a locus remote from the 
mine face. 
Another method embodiment of the invention is 

directed to establishing a zone of subambient air pres 
sure in the region immediately adjacent the mine face 
and closely spaced from the mine roof and in open fluid 
communication with the surrounding atmosphere, 
sweeping the mine roof with a current of air passing 
into said zone of subambient air pressure, admixing 
methane freshly liberated from the mine face with said 
current of air, and passing the resultant mixture as a 
confined stream, isolated from the surrounding at 
mosphere, to the exterior of the mine. 
Another embodiment of the invention is drawn to the 

removal of carbon dioxide, carbon monoxide, dust etc. 
on the mine ?oor. 

DESCRIPTION OF THE DRAWINGS‘ 

The structure and mode of operation of the mining 
machine may be more clearly understood by reference 
to the accompanying drawings, which illustrate a 
preferred embodiment of the invention, and in which: 

FIG. 1 is a plan view of the mining machine of this in 
vention; 

FIG. 2 is a side elevation view of the mining machine 

of this invention; 
FIG. 3 is an enlarged side elevation view of the cutter 

head-vacuum shield assembly; 
FIG. 4 is an enlarged side elevation view of hydraulic 

cylinder-lever arm assemblies for raising and lowering 
the auxiliary methane and dust removal suction lines. 
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4 
DESCRIPTION OF THE INVENTION 

With reference now to FIGS. 1 and 2, numeral 10 
denotes, in general, a continuous or mobile low sil 
houette mining machine or coal cutting machine. As il 
lustrated, it is of the so-called trackless type, movement 
thereof being effected by ground engaging wheels 11, 
although of course this could as well be a track type 
machine. Except for my inventive modi?cations 
thereof, the mining machine is otherwise conventional 
and well-known in the art and, therefore, a detailed 
discussion thereof is unnecessary. Extending forwardly 
of the machine is a pivotal arm or boom 12 upon which, 
at the forward or outboard end thereof, is rotatably 
mounted a rotary cutting head 13. Cutter 13 is, in this 
particular embodiment, a conical or so-called “ 
burster” type of cutter head. The cutter head size or 
diameter may be varied to suit certain conditions. Arm 
12 is operably connected to a cutter head power trans 
mission and positioning mechanism 14, here illustrated 
diagrammatically. The mechanism 14 is pivoted at 
pivot point 15 to permit rotation of arm 12 in a vertical 
plane. Hydraulic cylinders 16 are operative to rotate 
arm 12 in a horizontal plane. Cutter 13 is thus enabled 
to traverse the mine face both horizontally and verti 
cally. The apparatus thus far described is‘ conventional 
in the art. 
My inventive improvements thereover will now be 

described: 
A. Coal Conveying System 
As indicated in FIGS. 1 and 2, cutter head 13 is 

operably engaging the working face 17 whereby to 
fracture or disintegrate coal therefrom in the form of 
lumps having a size, typically, of from about 1 inch to 
about 2 inches. As best shown in FIG. 3, a vacuum 
shield or shroud means 18 at least partially encloses, 
and preferably encloses at least the major portion of, 
cutter head 13. The vacuum shield means 18 is 
desirably constructed of a heavy duty resilient material, 
such as rubber or plastic, in order that it will flexibly 
deform to conform with the contour of the working 
face 17 as arm 12 sweeps through a horizontal arc 
and/or through a vertical arc. The outboard ends of 
vacuum shield 18, which are most closely adjacent to 
working face 17, do not effect a tight seal therewith in 
order to allow a relatively free entrance for the inflow 
of air. If desired, the outboard edge of shield 18 may be 
provided with notches, serrations, orifices or the like, 
to assure a minimum pressure drop. It will be observed 
that shield 18 serves two important functions. The ?rst 
is to define a restricted zone of vacuum immediately 
about cutter head 13. The second is to intercept sub 
stantially all of the freshly mined coal lumps before the 
latter strike the mine floor and to channel the lumps 
directly into main air suction conduit 19. 
The main air suction conduit 19 connects with shield 

18 and thence extends rearwardly of the mining 
machine to connect with a combined air pump and 
grinder unit 20 carried by the mining machine. The unit 
20 preferably comprises cyclone separator means on 
the suction side of the air pump, and coal grinding 
means receiving the resulting disengaged lumps of coal, 
the grinding means being adapted to reduce the size of 
the coal lumps to about 1 inch uniform or less. Follow 
ing size reduction, the coal particles are reintroduced 
by air lock means into conveying air on the pressure or 
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discharge side of the air pump. Units of this type are 
known in the art and are available commercially, for 
example, one suitable design is the “Airveyor” transfer 
unit manufactured by Fuller Company. The reduced 
size coal particles are then pneumatically conveyed 
under super-atmospheric pressure through the 
discharge conduit 21 all the way out of the mine to a 
storage area located at ground level, or to a belt loading 
point where coal is separated from the air by a cyclone 
system. 

Conduits 19 and 21 are formed of ?exible hose 
material, such as plastic or rubber corrugated hose with 
or without wire reinforcing and desirably are of light 
weight construction. For most applications, a hose 
diameter of about 8 inches will be suitable for the main 
suction and discharge conduits. It is contemplated that, 
as the mining machine advances additional sections of 
conduit 21 will be laid in at periodic intervals, say, 
every 20 to 40 feet. 

B. Methane Removal System 
With reference to FIG. 4, an enlarged hood member 

22 is carried by a pivoted support arm 23 which, in 
turn, is pivotally connected to arm 12 at pivot point 24. 
A hydraulic cylinder 25 is pivotally connected to sup 
port arm 23 at pivot point 26 and to arm 12 at pivot 
point 27. An auxiliary air suction conduit 28 connects 
hood 22 with main conduit 19 at tee 29. Cylinder 25 is 
powered from the main hydraulic system and, acting 
through arm 23, is operative to vary the elevation of 
hood 22 relative to arm 12 so that hood 22 is main 
tained in a constant proximately spaced relationship 
with mine roof 30 regardless of the elevation angle of 
arm 12. Hood 22 may be spaced a distance of from 
about one-fourth inch to about 1 inch below roof 30. 
The invention further contemplates the use of auto 
matic control means to regulate cylinder 25 in order to 
maintain such constant spacing. The air suction con 
duit 28 can be a ?exible hose similar to main conduit 
19 but, in general, will be of smaller diameter, for ex 
ample, 4 inches. 
Methane gas which is freshly liberated from the 

working face will tend to accumulate at roof 30. The 
hood 22 and suction conduit 28 act to establish a zone 
of subambient air pressure in the region immediately 
adjacent and to the rear of the mine face 17 and closely 
spaced from the mine roof 30. This, in turn, causes a 
current or stream of air to sweep the mine roof, picking 
up and admixing with the liberated methane, the 
resultant mixture then being passed through conduit 
28, thence through main conduit 19, and finally 
discharged to the exterior of the mine through conduit 
21. 

C. Dust Removal System 
Again with reference to FIG. 4, an enlarged hood 

member 32 is carried by a pivoted support arm 33 
which, in turn, is pivotally connected to arm 12 at pivot 
point 34. A hydraulic cylinder 35 is pivotally connected 
to support arm 33 at pivot point 36 and to arm 12 at 
pivot point 37. An air suction conduit 38 connects 
hood 32 with main conduit 19 at tee 29. Cylinder 35 is 
likewise powered from the main hydraulic system and, 
acting through arm 33, is operative to vary elevation of 
hood 32 relative to arm 12 whereby the hood 32 is 
maintained in a constant proximately spaced relation 
ship with mine ?oor 40 regardless of the elevation 
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angle of arm 12. The hood 32 may be spaced a distance 
of from about one-fourth inch to about 1 inch above 
floor 40. Automatic control means may be provided to 
maintain such constant spacing. The air suction con 
duit 38 can be a ?exible hose similar to main conduit 
19, but, in general, will be of smaller diameter, for ex 
ample, 4 inches. The hood 32, in conjunction with con 
duit 38, functions to establish a zone of subambient air 
pressure in the region immediately below and to the 
rear of cutter head 13 whereby ambient air entering 
hood 32 sucks up coal dust, fines, carbon dioxide and 
carbon monoxide, and pneumatically conveys them 
through conduits 38, 19 and 21, ultimately to be 
deposited in a storage area at ground level. 
With regard to the vacuum removal system which 

has been described in the foregoing, it is contemplated 
that air removal be accomplished at a rate of about 
3,000 CFM. The latter is replaced in a continuing in 
ward flow by 3,000 CFM from the mine forced ventila 
tion supply. Further, via the present system, the mine 
air can be continuously freshened and replaced, even 
during a breakdown and repair, simply by permitting 
the air suction mechanism to continue to run. 
Numerous other embodiments and variations of the 

basic invention described herein above will suggest 
themselves to the routineer. To highlight but a few such 
variants, all of which are encompassed by the appended 
claims except as otherwise speci?cally excluded, 1 
point to the following: 

1. The air pump may be mounted on a vehicle 
separate from the mining machine proper or it may be 
located at a ?xed station within the mine to be moved 
forward from time to time, or at ground level; 

2. The coal grinder may be dispensed with, in which 
case the coal lumps — as delivered to storage - will be 
of random size within the range of from about 1 inch to 
about 2 inches; 

3. In a less preferred embodiment, the freshly mined 
coal may be loaded into a local following shuttle car or 
hopper car, rather than being air lifted all the way to 
ground level. Even here, however, my invention does 
eliminate the usual swinging boom, mechanical ?ight 
conveyor or loader, with its gathering arms, along with 
the dust generated by such apparatus, and it also af 
fords means for continuous vacuum removal of 
methanes, dust, CO, and CO. Further, the sudden for 
ward and backward lunges of the conventional loader 
are eliminated. 

4. My invention is readily adaptable to other forms of 
cutter heads, such as drum cutters, endless chain cut 
ters, multiple such units, and the like. The necessary 
modification of the cutter head vacuum shield will be a 
matter of mechanical design within the skill of the ar 
tisan. ’ 

5. Although I have described my apparatus in con 
nection with the mining of coal, that being its primary 
and preferred utility, it is apparent that my invention 
may be utilized to mine any mineral material, for exam 
ple, salt, lead, zinc, copper, asbestos, etc., limited only 
by the hardness of the matrix involved. 
By way of summary, my invention offers a number of 

substantial advantages over systems of the prior art. 
Pneumatic transport of lump size coal cuttings directly 
from the cutter head to a remote receptacle means 
eliminates the conventional conveyors and mechanical 
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loaders along with the additional dust generated 
thereby. In the embodiment where the coal is air-lifted 
to ground level storage, it further eliminates the con 
ventional shuttle car which, as well recognized by those 
skilled in the art, entail heavy capital and labor costs. 
The invention provides continuous and efficient 
removal of methane gas CO2 and CO from the region 
where these tend to accumulate in highest concentra 
tions. ‘It further provides continuous and efficient 
removal of coal dust from the region where it tends to 
build up in greater quantities. if affords the mine opera 
tor great flexibility in selecting the size of coal which he 
wishes to market. And most importantly, in view of the 
more severe ventilation requirements imposed by 
recent mine safety legislation, the invention affords a 
facile and economic means for developing and main 
taining a localized high volume air flow across the 
working face, the mine roof and mine floor, and ex 
hausting same to a safe location, without scattering 
dust and gas. This has the ancillary advantage of reduc 
ing the load requirements of the main shaft ventilating 
fans and, in some cases, such fans may be altogether 
eliminated or at least reduced in number and/or size. 
Further, fresh air will flow into the entire working face 
area of the “place,” ventilating it naturally and without 
a dust raising wind which is the case today by forced air 
induction behind a line curtain along the rib. 

Lastly, it is believed that a skilled operator will be 
able to mine out a parting as he works down from the 
top of the seam and with some remotely controlled 

8 
_ current of air passing into said second zone, admixing 
freshly liberated carbon monoxide, carbon dioxide and 
dust with said current of air, and passing the resulting 
mixture in a con?ned stream to a locus remote from the 
mine face. 

2. In a mining machine, the combination comprising 
a mobile cutter head support means, a controllable 
cutter head extending forwardly of said support means 
for mine face engagement, said cutter head being 
operative to engage the mine face and to fracture mine 
material therefrom in the form of lumps, a vacuum 

. shield means proximately spaced from and substan 

15 

25 

30 

valves, disposed rearwardly in the discharge line, ' 
deposit this parting or separation in the seam onto a 
separate belt, or into a worked out area of the mine it 
self. , 

I claim as my invention: 
1. in the mining of coal including the step of disin 

tegrating coal accompanied by the liberation of 
methane from the mine face, the improvement which 
comprises establishing a zone of subambient air pres 
sure in the region immediately adjacent the mine face 
and closely spaced from the mine roof and in open ?uid 
communication with the surrounding atmosphere, 
sweeping the mine roof with a current of air passing 
into said zone, admixing said liberated methane 
therewith, removing said methane by application of 
suction at a point adjacent the mine roof, maintaining a 
second zone of subambient air pressure in the region 
immediately adjacent the mine face and closely spaced 
from and in open ?uid communication with the sur 
rounding atmosphere, sweeping the mine floor with a 
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tially enclosing said cutter head and also substantially 
contacting said mine face, a ?rst air suction conduit 
connecting with said shield means, air pump means 
connecting with an air suction whereby ambient air en 
tering said shield means picks up said lumps directly as 
they are disintegrated from the mine face by said cutter 
head and the lumps are pneumatically conveyed 
through said ?rst suction conduit, receptacle means to 
receive said lumps remote from the mine face, an upper 
methane scavenging system comprising a second air 
suction conduit having an open end positioned im 
mediately to the rear of said cutter head and proxi 
mately spaced from the mine roof, whereby methane 
freshly liberated from the mine face is immediately 
picked up by an ambient air stream entering said 
second suction conduit and transported through said 
second conduit to a site remote from the mine face, and 
a lower third air suction conduit having an open end 
positioned immediately to the rear of said cutter head 
and proximately spaced from the mine floor, whereby 
ambient air entering said third conduit picks up dust 
and remaining noxious fumes and pneumatically con 
veys the latter through said third conduit to a site 
remote from the mine face. 

3. The apparatus of claim 2 wherein said cutter in? 
cludes means adapted to fracture said mine material in 
lumps of from about 1 inch to about 2 inches in size. 

4. The apparatus of claim 3 wherein said machine in 
cludes receptacle means remote from the mine face 
and said receptacle means includes grinding means 
adapted to reduce the size of said lump to less than 1 
inch. 

5. The apparatus of claim 4 wherein said grinding 
‘means is carried by said moble cutter head support 
means. 

6. The apparatus of claim 2 further characterized in 
the provision of means to vary the elevations of said 
second and third air suction conduits. 

I.‘ III Ill * 1k 


