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FOREWORD

This report was prepared by FMC Corporation, Engineered Systems Division,
Santa Clara, California, under USBM Contract JO265010. The contract was
initiated under the Coal Mine Health and Safety Act. It was administered under
the technical direction of the Twin Cities Mining Research Center, with

Mr. Wallace Roepke acting as the Technical Project Officer. Mr. William Case
was the Contract Administrator for the Bureau of Mines.

This report is a summary of the work recently completed as part of this contract
during the period April 1976 to March 1977, This report was submitted by the
authors March 4, 1977,
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| EXECUTIVE SUMMARY

The United Stated Federal Coal Mine Health and Safety Act of 1969 es-~
tablished strict limits on the amount of airborne respirable dust (ARD)
permitted in underground coal mine environments. The Bureau of Mines,

in response to the Act, implemented research programs to provide improved
and/or new technology for control of dust. This contract report documents
an engineering and economic feasibility study of new coal cutting concepts
developed by the Bureau of Mines at the Twin Cities Mining Research
Center. The results of the Bureau's Twin Cities work are reported

in a Bureau Report of Investigation (RI 8185) titled '""Reduction of of Dust
and Energy During Coal Cutting Using Point-Attack Bits, ' with an analysis
of rotary cutting and development of a new cutting concept, by Wallace

W. Roepke, David P. Lindroth, and Theodore A. Myren; Patent Application
604,566, Method of Operating a Constant Depth Linear Cutter Head on

a Retrofitted Continuous Mining Machine, by W. W. Roepke, K. C.
Strebig, and B. V. Johnson; and Patent Application 702,373, Linear
Cutting Rotary Head Continuous Mining Machine, by Ww. W. Roepke,

D. P. Lindroth, and J. W. Rasmussen.

The new method of mining coal, being developed by the Bureau of Mines, is
defined as the Constant-Depth Linear Cutter Head Concept. Constant depth
means that the cutting bits are sumped straight into the coal to a depth greater
than 1 inch and remain at this depth for the duration of the shearing process.
Linear cutter head means that the shearing action of the bits is in a straight
line as opposed to the circular path of the bits of a hard-head drum-type

continuous miner.

The most comprehensive studies on deep cutting in coal are now evolving
from the U.S. Bureau of Mines Research Center in Twin Cities, Minnesota.
All other studies have underscored the benefits of deep cutting, through

shallow cutting experiments that are extrapolated to deeper cuts. Through
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its research, the Bureau has concluded that the greatest generation of ARD
occurs at cuts less than 1 inch deep so cutting should occur deeper than

1 inch.,

The concepts evaluated during this study were based on the Bureau's Twin
Cities Mining Research Center laboratory work, Continuous mining
machines with hard-head drum cutting capabilities were analyzed as part
of the Bureau's work, and some rather dramatic and pronounced in-
efficiencies were isolated as being characteristic of rotary cutting. In
addition, the Bureau studies found many desirable characteristics and
advantages of linear cutting over rotary cutting, such as reduced ARD
generation and reduced specific energy requirements. Deep linhear cutting
is more than just a method of controlling dust, It limits the generation of
dust at the source, the cutting action of the bit, before the dust can be

be discharged into the mine environment.

During the initial stage of the study, many concepts and ideas were gen-
erated and evaluated in an attempt to develop a feasible CDLCH machine,
Concept drawings, power requirements, component selection, and pro-
uction analyses were accomplished for five concepts. Three concepts
were rejected for various reasons, from low production potential to ex-
treme complexity., The remaining two concepts, the linear cutting rotary
head (LCRH) and the self-sumping head (SSH), show excellent promise

for reducing dust, eliminating methane ignition at the face, and increasing

productivity.

The linear cutting rotary head (LCRH) concept (Figure 1) dramatically in-
creases productivity while reducing ARD generation. The geometry of the
drive mechanism guides the bits in a square or box pattern., The deep
linear cuts are made as the bits move across the top, front, and bottom
edge of the box-cut path., Two versions of this concept have been considered,
one that takes a 6-inch-deep cut and one that takes a 3-inch-deep cut. The
philosophy behind the 6-inch version is simply that large increases in
depth of cut optimize the decreases in specific energy and ARD generation

with a corresponding increase in size and salability of the coal produced.

12
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The following significant features of this 6-inch-cut LCRH concept have
evolved during this study:

@ A 3l-percent increase in productivity (tons per man-shift) when com-
pared to a standard hard-head continuous mining machine developing a
room and pillar mine plan in a 6-foot coal seam

® An 89-percent reduction of ARD (milligrams per ton) of coal mined,
when compared to a hard-head continuous mining machine operating
in the Illinois Number 6 coal seam

@ Reduction or elimination of methane ignition due to cutting bits.

Although this concept exhibits outstanding potential, several questions remain
unanswered, and several design features could prove troublesome, as a
direct consequence of cutting to a 6-inch depth. Briefly, the following points
should be considered when evaluating the 6-inch version of the LCRH:

e The forces involved in cutting to 6-inch depths have been extrapolated
from shallower cuts., Continued testing must isolate the force range
that will be encountered when cutting to a 6-inch depth.

e From initial evaluation, 600 horsepower is necessary to operate the head
at 10 rpm. The largest continuous miner to date (a prototype still in the
testing stage) produces 450 horsepower at the head., Most CMMs in use
today produce 200 to 300 horsepower at the head.

® A large sumping rig located at the rear of the miner is necessary so
that the machine will have a platform locked between the roof and floor
in which to react the required sump forces, The sumping rig hinders
maneuverability and production potential.

® The estimated weight of this concept is 130, 000 pounds. Based on a
$3. 06-per~-pound projected production cost, this machine would cost

$398, 000 as a production model,

These drawbacks led to consideration of the ramifications of designing the
L.CRH to cut at a 3-inch depth. The results of this analysis have been ex-
tremely encouraging and are beiefly summarized as follows:
e The sumping rig can be eliminated and the overall bulk of the machine
can be reduced, giving this LCRH all the manueverability of existing
CMMs.

14



e For any given head speed, the LCRH will cut approximately three times
as much coal and reduce ARD by 33 percent over a CMM designed for
3-inch depth of cut.

e Againcomparing a CMM cutting 3 inches deep to the LCRH, if both
machines were designed for equal production rates, the CMM would
use 33 to 67 percent more power and generate 200 to 300 percent
more ARD,

e In comparing an LCRH at 3-inch depth of cut to an existing CMM
cutting at 1 inch or less, for an equal production rate, the CMM
would require 127 percent more power and generate 636 percent
more ARD,

e Laboratory cutting tests have been conducted for 3-inch depth of cut;
therefore, the necessary forces are known. v

@ The required head horsepower would range from 132 for a production
rate of 6. 6 tons per minute to 450 for a production rate of 22, 7 tons
per minute,

e ARD generation is dramatically reduced over that of existing CMMs
and CMMs designed for deep cutting.

e Methane ignition due to cutting is eliminated because the bit velocity
is always less than 250 feet per minute,

@ The estimated weight of the 3 -inch version of the LLCRH is 100, 000
pounds. This projects to a production cost of $306, 000,

The self-sumping head (SSH) concept (Figure 2) has many desirable features
and shows promise for use in a specific and difficult mining environment.
The following list summarizes the characteristics of this concept and the
reasons that it is retained as a recommended concept:
e The new cutter boom can be retrofitted to most existing CMMs,
e No chock system or sumping rig is necessary; the SSH retains the
manueverability of existing CMMs.
e Large coal size is produced by deep linear cutting bits,
Production in tons per shift is equal to that of existing CMMs.
e A 93-percent reduction of ARD (milligrams per ton of coal mined)
is realized when compared to an existing continuous mining machine

operating in the Illinois Number 6 coal seam.

15
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e Methane ignition due to cutting bits is eliminated.

e Some coal seams such as the Upper Freeport are so friable and dusty
that standard CMMs produce a large volume of fines that are not
marketable, The SSH cutter boom could be retrofitted to existing
machinery in such a mine, thus eliminating the dust problem as well

as improving the size and salablity of the final product.

This study has concluded that the method of cutting coal by constant-depth
linear cutting is a feasible engineering and economic alternative to existing
rotary drum cutting in both underground and surface mining, The 3-inch
version of the LLCRH can boost productivity, reduce airborne respirable dust
generation, and be constructed using off-the-shelf components., The SSH
concept can match existing CMMs in productivity and reduce the generation
of airborne respirable dust. It is important to note that the cutter boom de-
sign of the SSH can be retrofitted to existing CMMs working in dusty friable
seams, and greatly improve the quantity of marketable coal and the quality

of the working environment.

It is recommended that further in-situ testing of the coal cutting parameters
of deep cutting be investigated so that a firm design basis can be established.
When this information becomés available, and if it is still considered

favorable, a full-scale prototype LLCRH should be built, and an existing CMM

should be retrofitted with an SSH boom for evaluation,
The Bureau of Mines has applied for patent of the constant-depth linear

cutter head design. No additional subject inventions resulted from this

study.
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(I INTRODUCTION

This report presents the results of an engineering study conducted by the
Advanced Mining Systems Group, Engineered Systems Division, FMC
Corporation. The project was conducted under U.S, Bureau of Mines
Contract JO265010, titled '""Feasibility Study of the Constant Depth Linear

Head for Continuous Mining Machines, "

The U,S. Federal Coal Mine Health and Safety ACt of 1969 established strict
limits on the amount of airborne respirable dust permitted in the underground
coal mine environment, The Bureau of Mines, in response to the Act,
implemented research programs to provide improved or new technology for
the control of dust. One of these programs, an investigation of the reduction
of dust and energy during coal cutting, is being conducted by the Twin Cities
Mining'ResearCh Center, Some of the results of the Twin Cities studies are
included in Report of Investigations 8185, ""Reduction of Dust and Energy
During Coal Cutting Using Point-Attack Bits,' with an analysis of rotary
cutting and development of a new cutting concept, by Wallace W, Roepke,

David P, Lindroth, and Theodore A, Myren,

The purpose of this contract was to investigate the engineering and economic
feasibility of the new cutting concepts resulting from the Twin Cities studies.
Two of the Bureau's concepts that led to this investigation are shown in
Figures 3 and 4, The new techniques use a constant-depth linear cutter head
(CDLCH) in place of the traditional rotary hard-head drum cutter., CDLCH
cutting reduces the airborne respirable dust released when the bits cut
through the coal. The Bureau's tests showed that shallow cutting (less
than 1 inch) is a very inefficient, high-energy, dusty method of mining
coal. Rotary-head miners and European shearers cut at a depth of 1 inch

or less,
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Figure 3 ARTIST'S CONCEPT — USBM FIRST-GENERATION
CONSTANT-DEPTH LINEAR CUTTER DESIGN

Figure 4 ARTIST'S CONCEPT — USBM SECOND-GENERATION
CONSTANT-DEPTH LINEAR CUTTER DESIGN

20



In addition, an energy relationship exists between depth of cut and bit
spacing, It was found that the optimum value for bit spacing is two to
three times the depth of cut., This spacing allows the minimum energy

input per volume of coal extracted (specific energy).

The CDLCH methods use fewer, deeper-cutting bits, and constant-depth bits
that result in reductions in the dust generated. This report describes the re-
duction of the total airborne resirable dust at the face that can be attributed

to CDL.CH concepts and the corresponding effect on productivity.

The theory and design parameters were furnished to FMC by the Bureau in
the form of R, I. 8185 and Patent Application 604, 566, '"Method of Operating
a Constant Depth Linear Cutting Head on a Retrofitted Continuous Mining
Machine, " by W. W. Roepke, K, C, Strebig, and B. V., Johnson, Concepts
generated under the principles of this patent included the V face, the

articulated head, the chain ripper, and the self-sumping head.

The contract was subsequently modified to include a specific concept de-
scribed in Patent Application 702, 373, '"Linear Cutting Rotary Head
Continuous Mlning Machine,' by W, W, Roepke, D. P, Lindroth, and

J. W, Rasmussen. This concept is known as the linear cutting rotary head
({LCRH) concept., Three rows of linear cutting bits are equally spaced around
a rotating head. As the head rotates, its centerline is oscillated in a motion
that is synchronized with the rotating bits, causing them to cut a square

linear pattern in the coal face, .

The main goals of this study project were to provide answers in the following
areas:
e It is feasible to engineer and build a production CDLCH mining machine
that is acceptable to the industry?
e Is a production machine economically feasible and can an existing hard-
head continuous miner be retrofitted to the CDLCH configuration?
e Will the production rate or productivity of the CDLCH concepts be com-

petitive with those of existing continuous mining machines?

21



e Can airborne respirable dust generation be reduced and how does this
reduced dust level compare to the dust levels associated with existing
hard-head drum-type continuous miners?

e What relation do CDLCH concepts have to health and safety factors
such as methane ignition potential, noise, and ventilation?

e Would a mechanized scale model of the LCRH concept be benificial
to demonstrate its unique cutter head motion?

® What recommendations can be made for future development of the new

CDLCH method of cutting coal?
The studies that provided the answers to these questions are described in

this final report. The resulting recommended concepts offer an innovative

new method of mining coal,
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CONCLUSIONS AND RECOMMENDATIONS

3.1 CONCLUSIONS

The concepts designed during this study were based on the Bureau's Twin

Cities laboratory research. Continuous mining machines with hard-head

drum cutting capabilities were analyzed as part of the Bureaus work and the

results were as follow:

The cutter bit space-depth ratio varies continuously during rotary cutting.
Bit angle of attack relative to horizontal bedding plane varies continuously
during rotary cutting.

Specific airborne respirable dust generated from the rotary cut is greater
than that from the linear cut.

The greatest generation of airborne respirable dust occurs at cuts less
than 1 inch deep so mining should be done at cutting depth greater than

1 inch. *

Constantly changing bit depth during rotary cutting produces an inherent
bit-spacing problem that precludes optimum spacing.

Rotary cutting results in an inherently poor volume recovery per bit

per rotation relative to the linear distance cut because only 10 percent of
the total volume is removed when the depth of cut reaches 60 percent of
the advance distance.

Data collected in the field on the airborne respirable dust generated by
continuous mining machines varied to such a great degree that meaning-

ful conclusions could not be made.

The data from the Bureau's linear cutting experiments led to the following

conclusions:

Both specific airborne respirable dust and specific nonairborne respir-
able dust are monotonically increasing functions of specific energy.
The amount of nonairborne respirable dust ranges from 100 to 1, 000
times that of the airborne dust.

Specific dust and specific energy decrease as the depth of cut increases.

23



® An optimum value for the space-depth ratio is 2 to 3 for linear cutting.

@ The force required to sump bits 6 inches into coal and shear at this
depth is approximately 12, 000 pounds per bit in Pittsburgh and Illinois
Number 6 coal.

e Theforce required to sump bits 3 inches into coal and shear at this depth

is approximately 2, 700 pounds per bit in coal from the Wyoming seam.

Two CDLCH concepts evolved from the Bureau of Mines study of a new mining
method, the self-sumping head (SSH) and the linear cutting rotary head (LCRH)
concept. The SSH concept is of simple construction, easily maintained, and
retrofittable to most existing continuous miners. The concept requires no
auxiliary support system and no additional ancillary equipment, and can

replace a hard-head drum miner in performing two-pass mining functions.

The second concept is the linear cutting rotary head (L.CRH) miner. This
machine is the result of engineering design based on the Bureau's Patent
Application 702, 373 involving rotary CDLCH principles. The cutter drum
comprises three rows of bits spaced 120 degrees apart that cut 3 to 6 inches
deep while traveling in a square path. The square cutting pattern is created
by mechanically driving the centerline of the cutter drum in an elliptical path
as bits rotate around it. The high production rate of the LCRH makes it nec-
essary to redesign the gathering head and main conveyor to move the coal
away from the face as fast as it is cut. The main conveyor must be widened

to handle more coal; therefore, a new machine frame must be designed.

During the early stages of the CDLCH feasibility studies, all concepts were
designed to withstand the forces or stresses from constant-depth cuts 6 inches
deep. The first linear cutting rotary head (LCRH) concept was designed to
cut 6 inches deep, and the resulting machine was equipped with some specially
designed subsystems such as the following:
® Special 300-horsepower electric cutter head motors.
e A power train that will deliver 160, 000 foot-pounds torque to the cutter
head.
® A special sump rig jack system.that is hydraulically raised to the roof
from a floor skid plate. This provides the reaction point for the cylinders

that push against the rig to sump the entire machine into the face.
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The final version of the LCRH concept eliminated the areas of special design
by changing the bit cutting depth from 6 to 3 inches. This meant that the
mean force required to sump or shear the bits through the coal dropped from
12,000 pounds to 2, 700 pounds. This large drop required a corresponding
reduction in the total LCRH output horsepower and a mining machine that now

can comprise off-the-shelf or existing components.

The productive capabilities of the LCRH miner with 3-inch-deep cuts con-
tinued to be high. Studies described in this report showed its performance
exceeded that of a deep~-cutting drum-type CMM that is designed to make
the same 3-inch-deep cuts. The LCRH concept calculated performance
surpassed that of an equivalent CMM in the following areas:

e More tons of coal were cut per horsepower input (specific energy).

e For equal peak cutting rates (tons per minute), the deep=-cutting CMM

generates approximately four times more ARD than the LCRH.

It is possible to design and build an LLCRH concept that cuts 3 inches deep
with existing components., Further in-situ testing of deep-cutting constant-
depth bits will provide the data necessary to complete the evaluation of

CDLCH concepts that cut 6 inches deep.

Additional features of these concepts are discussed as the advantages of

constant-depth linear cutting are presented in the following subsections.

3.1, 1 Mining With Deep Linear Cuts

If a coal mine operator were given the opportunity to specify the criteria for

a mining machine that would best meet his needs, the specification sheet

for the cutting device would call for a system that produced substantially

more coal than that produced by existing continuous miners, and features

that would ensure compliance with legal environmental requirements and

salability of his product. The list would include the following requirements:
e High productivity or tons per man-shift

Quality coal with no fines

Cutting that generates a minimum of dust

No methane ignition

Low~maintenance mining with decrease in downtime
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® Reduction of noise level

® Machine operator acceptance.

Results of the CDLCH feasibility study show that this new method of mining
coal will yield many of these desired features directly and will more nearly
approach the remaining features than any other existing hard-head or drum-

type mining machine.

3.1.1.1 Productivity

When the 6-inch version of the LCRH concept was compared to an existing

continuous mining machine (CMM) cutting at 1 inch by a Gantt chart time
study, increase in the amount of coal cut per shift resulted. Both machines
were working in identical room and pillar mine plans, in a 6-foot seam, and
the two machines used similar haulage systems. Cut coal tonnage results
shown in Table 1, are based on existing mine plans; and the total tonnage is

restricted by the haulage, ventila-

Table 1 CUT COAL TONNAGE
RESULTS

tion, bolting, and lift distance of

the mine plan.

Total lifts Lift time [Tons per shift
CMM 6.73 38.1 646

A 3l-percent increase from the

L.CRH is due to faster lifts that
L.CRH 8,43 25.0 849

result in more lifts per shift,

There would be no change in the
section crew size, so productivity would increase correspondingly. The
Gantt chart study for each system was conducted under ideal (no downtime)
conditions, and actual production figures would be lower than those shown

by some derating percentage.

This productivity study was made prior to consideration of an LCRH miner
with a 3-inch depth of cut. However, the 3-inch LCRH machine will meet the
production rate of the deeper-cutting LCRH if the cutter head speed is in-
creased. The self-sumping head concept would show the same tons-per-
shift output as the CMM. This miner could not increase productivity, but

other features of the system are important in other areas.
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3.1.1.2 Coal Without Fines and Respirable Dust

The ideal mining system would yield only coal in the coarse, less-expensive-
to-process range. Fines, small coal particles that are expensive to process
and outside the coal size limits specified by the customer, would be elimi-
nated. In particularly friable coal seams, such as the Upper Freeport,

appreciable coal has been so fine there is no market for it,

Deep=-cutting CDLCH miners can potentially solve this problem. The coal

is broken out in 3~ to 6-~inch=-deep cuts with about a 140-degree included angle
of breakout at each bit. This breakout pattern uses fewer bits and produces
chunks of coal much larger than those produced by a hard-head continuous

miner.

The bits of both the CMM and the CDLCH machines produce fines in a crush-
ing zone at the tip of the bit, but each CDLCH bit produces a greater volume
of coal for each foot of travel, or a greater percentage of large coal chunks

for each pound of crushed coal from the tip zone of the bit.

The CMM cutter drum and bits make very shallow cuts which produce small
coal particles but as the coal is cut it must travel along between the face and
the drum before falling to the floor and gathering head. Secondary breakage
of the coal due to this regrinding not only further reduces the coal size but

is one of the prime sources of dust.

3.1.1.3 Reduction of Airborne Respirable Dust

The work done by the Bureau of Mines Twin Cities Mining Research Center
originated as an investigation of methods of reducing the airborne respirable
dust (ARD) produced as a bit cuts through the coal face. This laboratory
study showed that it is possible to drastically reduce the amount of ARD
released for every ton of coal cut. One goal of this project became use of

the data from investigations of the dust caused by CMM cutting methods to
design a CDLCH miner that would result in drastic reduction of primary

ARD generated during cutting. Two new mining machine concepts, the SSH
and the LCRH, were compared to the continuous mining machine (CMM). The

results for a 6-inch machine are shown in Table 2.
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Table 2 ARD ELEVATION RESULTS The first line in Table 2
shows the total ARD gen-

CMM SSH LCRH erated for every ton of

coal cut; the third line

Total ARD generated 886 50 100

I shows the dust produced
(milligrams per ton)

per minute at peak points

Percent reduction -- 93 89

ARD at peak 3,030 204 900 in the cutting cycle. For
(milligrams per minute) the self-sumping head
Percent reduction - 93 70 concepts, 93 percent is

consistent in both areas,
but the LCRH does not produce the large reductions in peak ARD levels be-
cause great volumes of coal are being sheared from the face so rapidly that

a corresponding jump in the momentary release of dust results.

The charted ARD numbers represent the amount of dust from all sources at
the face. For a CMM, this figure includes the following activities:

e Sump cutting

e Shear cutting

e Loading.

Study of past reports on CMMs revealed that 70 percent of ARD is generated
during sump, 20 percent during shear, and the remaining 10 percent during
loading onto the miner conveyor. The self-sumping head and LCRH concepts
were able to cut much more cleanly than the CMM but still produced the ARD
caused during loading. Continuing CDLCH work at the Twin Cities Mining
Research Center has considered gathering and loading methods that would

decrease the production of ARD well above the 93-percent level.

Although improved loading methods were not part of this contract, the Bureau
of Mines has continued to work in this area and has identified a CDLCH
cutting method that will collect the coal as it is cut and deliver it directly

to the miner conveyor system. This third-generation CDLCH concept is
described in Patent Application 732,676, Automatic Face Transfer by Linear
Cutting Rotary Heads. ARD studies concluded that CDLCH concepts can

reduce dust to levels not obtainable with existing CMM methods.
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In later studies, the LLCRH concept that cuts 3 inch deep was compared to a
deep~-cutting CMM capable of 3-inch cuts. As indicated earlier in this sec-
tion, the 3-inch CMM was approximately four times as dusty as the 3-inch
LCRH when both machines were cutting at the same peak cutting rate (tons

per minute).

An added benefit of lower dust levels is that secondary ventilation systems

or dust scrubbers should not be required. The normal face ventilation

air will keep the dust level at the operator's station below the legal
2-milligrams-per-cubic-meter range and also maintain excellent visibility

of the face. Mining will not be interrupted while the miner operator waits for

the ventilation system to clear the face so he can check the cutting process.

3.1.1.4 No Methane Ignition
Because the bit speed of both the SSH and LLCRH concepts is 250 feet per

minute or less, or well below the point where bit-to-hard-band impact will
cause methane ignition, methane ignition will be eliminated. This enhance-

ment of safety is a direct result of CDLCH methods.

3.1.1.5 Reduced Downtime

A CMM is out of operation an average of 15 minutes a shift to allow time to
replace broken or worn bits. Because the CDLCH concepts use fewer bits
than a CMM and the bits do not hit hard bands with as high a velocity, the

downtime for bit maintenance is reduced.

With the self-sumping head concepts, actual available productive mining
time would be increased about 12 minutes per shift because of reduced bit
maintenance. The productive mining time increase for the ILLCRH

would be less because three rows of bits are used, but should show an

increase of about 10 minutes per shift.

The self-sumping head miner develops cutting power through hydraulic
cylinders. No high-maintenance electric or hydraulic motors or complicated
gearboxes are incorporated in the head. Maintenance should be greatly re-
duced by elimination of these components. Total power requirements are

equivalent to those of many existing CMMs at 480 horsepower.
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3.1.1.6 Reduced Noise Level
The mechanical machinery of the CDLCH miners will be no quieter than that

of the CMM. However, when the hard head of a CMM is sumped into the

face, the noise generation from the cutting teeth adds to the total noise level.
This noise generation from moving bits will be reduced when CDLCH designs
are shearing coal from the face, because of reduction of the number of bits

and slower bit travel,

3.1.1.7 Machine Operator Acceptance

Many CDLCH features should contribute to excellent operator acceptance, and
this acceptance will contribute to better productivity:

e Controls that parallel existing miners such as sump, shear, and cleanup
maneuvers
Less visible airborne respirable dust improving visibility of the face
Control of a machine that boosts section production rates

Reduced noise level

No methane ignition hazard during cutting.

3.1.2 Mining Rock With CDLCH
The CDLCH feasibility study did not produce any data, backed up by testing,

that would predict the exact performance of these deep-cutting bits when they
encounter rock partings or other hard material within the coal seam. How-
ever, several features of the designlead to the conclusionthat this new cutting

method should perform as well as or somewhat better than existing CMMs.

Because the maximum force available per bit is higher than that of the CMM,
bits should penetrate rock more readily because the rock will fail as the bit
forces exceed the compressive strength.  After penetration, the higher bit
forces will develop shear forces that should break out comparatively large

chunks of rock.

The CDLCH bits travel through the face at lower velocities than those of the
CMM. Impact on contact with rock will be reduced, and bit wear and break-
age rates should also be reduced. As in the case of CMMs, partings will
slow down the mining process during CDLCH coal mining but to no greater

extent than that encountered with existing machines.
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3.1.3 Surface Mine Application

Consideration is now being given to developing very large deep-cutting con-
tinuous miners that will mine thick-seam surface coal. This is an ideal
application for the LCRH concept and in particular the third-generation
version described in Patent Application 732, 626, Automatic Face Transfer
by Linear Cutting Rotary Heads. This version is identical to the LCRH
concept described in this study, except the head is rotated in the opposite
direction (counterclockwise) and is used as the primary gathering system.
As the head rotates, the broken coal is caught by the specially shaped head
(much like a bucket wheel excavator) and transferred to a conveyor system.
The CDLCH principals allow optimum bit spacing, thus reduced specific
energy; therefore, this concept, used as a surface miner, would cut more
coal per energy input and load this coal faster, with less generation of dust

than would be possible with a deep~-cutting rotary-drum continuous miner.

3.1.4 Shear Cut Direction

Deep-cutting bits must travel in a vertical direction up or down through the

face to be effective. If the bits were driven horizontally or parallel to the
bedding planes, the breakout angle of the coal would be small, and it would
be necessary to place the bits closer together than bits that shear vertically.
Bits produce ARD; therefore, the bit spacing must be kept as large as
possible to reduce dust generated during cutting. Laboratory tests conducted
at the Twin Cities Mining Research Center indicate that bits should be spaced
at a distance two to three times the depth of cut or from 12 to 18 inches apart
when 6-inch cuts are made. The coal breakout angle for each bit would be

about 140 degrees included angle.

During the early project design phase, attempts were made to design a
machine with two cutting heads, each head with a single row of bits. One
head would sump in at the roof and shear down to meet the second head that
had been sumped in at the floor and sheared up. This idea did not result in a
final concept because of the following deficiencies:

e Large forces required to sump in two rows of bits at the same time

e Crowded structure and mechanisms, interfering with the falling coal.
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3.2 RECOMMENDATIONS

This unique new linear deep cutting method of mining coal, being developed by

the Bureau of Mines, is recommended for continued development because of
the potential to increase productivity and at the same time substantially re-
duce health and safety problems at the face. The coal mining machine would
be designed around the constant-depth linear cutting principles and would pro-
vide the coal mine operator a way to meet the demands of the energy crisis

and at the same time more easily comply with the Federal dust regulations.

Two concepts emerged as a result of this feasibility study of a new method for
cutting coal, the self-sumping head (SSH) and the linear cutting rotary head
(LCRH). The LCRH is recommended for further development because of de-
sign performance. This concept is recommended for detail design, construc-
tion, and in-mine testing because our studies and analysis have shown that
the LCRH is more productive than standard continuous mining machines now
in use. Gantt chart studies have shown that the use of this miner will increase
productivity 31 percent over existing continuous mining machines. In addition,
this deep linear cutting method will generate 89-percent less airborne respi-
rable dust per ton of coal mined and eliminate methane ignition at the face.
This new concept offers a clean way to increase productivity in underground

coal mines.

The LCRH concept must be equipped with a redesigned higher-~-capacity coal
gathering and main conveyor system to load the increased coal yield; there-
fore, we recommend this machine be built from the ground up rather than
attempting to retrofit an existing CMM. This procedure will allow for design
of a conveyor wider than presently possible, and make it possible to incor-

porate changes that will increase the capacity of the gathering head.

This engineering feasibility study has resulted in two LLCRH design concepts.
The first eévolved was a machine with capabilities of cutting 6 inches deep,
followed by a second concept with a 3-inch depth-of-cut capability. The
LCRH miner that cuts 3 inches deep should be the first prototype built
because, as pointed out in the conclusions section, this concept is less
complex and uses more off-the-shelf conponents, thus has a greater chance

of trouble-free operation.
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The 3-inch prototype LCRH would supply answers that will make it possible
to evaluate further the development of a 6-inch LCRH. The 6-inch machine
should continue to be considered in future development because:
e The deepest possible cuts are desirable from a specific energy
standpoint.
@ Less airborne respirable dust per ton of coal is generated.

e A more salable: final product size results from deeper cutting.

At the present stage of development, however, the 3-inch LCRH is the

most feasible and the recommended version of the LCRH.

Actual LCRH design and fabrication phases must be preceded by an under-
ground test program that will provide the data on the characteristics of
multiple linear cutting bits that shear coal in 3~ and 6-inch-deep passes.
The data on 3-inch cutting will provide design criteria for the first LCRH
prototype, and the 6-inch cutting would supply comparative data to re-
evaluate the feasibility of this deeper-cutting machine. The underground
in-situ test will yield the following information necessary for successful
design:

@ Check of the forces required to sump bits 3 and 6 inches into the coal
Check of the shear forces for 3- and 6-inch cuts
Study of the coal breakout angle
Bit action at the roof, floor, and rib line
Bit angle of attack sutdy
Effect of overbui‘den loads on bit action

Optimum bit spacing

Check of ARD generation in relocation to depth of cut and other

cutting parameters.

The Bureau's Twin Cities Mining Research Center is fabricating a test rig
to study in-situ characteristics of linear cutting bits with 3-inch-deep
cutting capabilities. These tests should be followed by the testing of 6-
inch-deep cutting. The deeper test could be run by designing a bolt-on

or weld-on fixture to be attached to the drum of a continuous mining machine

already working underground. The fixture would hold three or four bits
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that could be manually repositioned for various test stages. These later tests
would provide the data necessary to make the decision to proceed with an

LCRH with 6-inch cutting capabilities.

The self-sumping head concept has been mentioned in the recommendation
sectin because several features of this concept are attractive for mining

in very dusty, friable coal seams. Mining in seams such as the Upper
Freeport, with continuous mining machines, produces coal that is as high

as 60-percent fines 1/2 inch or smaller. The self-sumping head miner
would shear out coal in 6-inch-deep cuts. The result would be larger-

size coal from a seam that had previously represented a problem. The
productivity of this concept would equal that of existing continuous mining
machines, and the cutter boom could be retrofitted to existing miners. Not
only would coal size be improved, but the airborne respirable dust per ton of
coal mined with this new machine would be 93 percent less than that resulting
from existing continuous mining machines. A mine could retrofit hard-

head drum miner during rebuild. The resulting machine would increase the
particle size or value of the coal by increasing the salable portion of cut

coal recovered per shift.

Existing hard-head drum-type continuous miners have exhibited disadvan-
tages in the increase of coal mined per man-shift or productivity, reduction
of airborne respirable dust levels, and elimination of methane ignition.
Constant-depth linear cutter head concepts have the potential to solve these

problems, and investigation should move forward into the prototype phases.
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IV ENGINEERING FEASIBILITY

4.1 PREVIOUS STUDIES

The most recent research on the physical parameters of the coal cutting

process is being done by the Bureau of Mines at the Twin Cities Mining
Research Center. Most prior studies of this nature were done by the
British using chisel-or wedge-type cutting bits. Since little published
data was available on point-attack bits and nearly all coal cutting in
the United States is done with point-attack bits, the Bureau's investigations
were made to evaluate this style bit. The Bureau is conducting laboratory
tests that will be followed with in-situ tests at the coal face to study the
following factors:
e Point-attack bit forces required to sump and shear various bit configura-
tions into or through coal '
e Airborne respirable dust generated during cutting
e Variations in forces and generated dust as the coal type and depth of
cut vary
e Optimum bit spacing in relation to depth of cut

Specific energy changes resulting from cutting depth variations.

Research linking dust generation and efficiency to the coal-cutting process
is described in the literature as early as 1956, Much research has also
been conducted on cutting bit parameters such as shape, rake angle,
clearance angle, spacing, cutting speed, and depth of cut. Forces related
to depth of cut are well documented for cuts as deep as 1 inch. However,
hard data on deeper cuts is almost nonexistent. In fact, most research on
coal cutting has been conducted for shallow cutting and directed for

application to rotary-drum-type miners and shearers,

This section reviews the early British work and the Bureau's Twin Cities

Mining Research laboratory results,
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4.1.1 Coal Properties

Because mechanical properties of coal are so diverse, very few generaliza-
tions can be made. Even coal samples taken within the same seam have
demonstrated widely varying characteristics within a short distance. Most
coal testing is not in-situ but rather laboratory investigation which adds to
the complexity of the research. Once a specimen of coal is removed from
the parent block, moisture content is altered as well as effects from over-
burden pressure and other innate characteristics of the block. Regardless
of the inadequacies of laboratory testing, it provides a powerful tool for the

scientific investigation of coal properties.

Compressive and tensile strengths of coal are common properties both
analytically and experimentally investigated. 5, 6 The Impact Strength
Index (ISI) is another measurement of coal strength which is ascertained by
crushing a sample of coal with a hammer. Correlation of the ISI number

with the compressive strength of coal results in a linear relation.

With the information obtained from laboratory investigation, mathematical
relations are formulated in an attempt to predict the behavior of coal

under the influence of cutting bits. However, much of this information is
misleading when direct application is initiated. For example, extraction

of a coal with a high compressive strength in a relatively cleat-free bed
will be much more difficult than extraction of a coal of similar compressive
strength lying in a bed with a dominant family of cleats. Cleats, therefore,
are an important factor in studying the behavior of coal in relationship to

mechanical extraction.

Cleats are cracks or planes of weakness running in a coal bed. Generally,
there are two main sets of cleats in a bed, running perpendicular to one
another. The more predominant of these sets are known as face cleats, or
main cleafs, and the less predominant are secondary or butt cleats. Fortu-
nately for the coal miner, these cleat planes generally run perpendicular and
parallel to the coal bed or bedding planes. Much research has been conducted
in an effort to relate cleat frequency and orientation to coal cutting; this

research is discussed in Section 4.1, 3.1, Forces in Coal Cutting.

*Reference numbers refer to numbered items in the Bibliography, Section VI.
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4,1.2 Cutting Tool Parameters

4.1.2.1 Clearance and Rake Angles

Figure 5 is a schematic diagram of a cutting tool. The rake angle o
is defined as the angle made by the front face of the pick with respect to

the normal to the direction of the cut.

o = RAKE ANGLE.

» TOOL PATH
P < P = CUTTING FORCE
BACK CLEARANCE ANGLE. T N = NORMAL FORCE

Figure 5 CUTTING TOOL SCHEMATIC

The clearance angle (f) is the angle made by the back face of the pick with
respect to direction of cut. Cutting force is the force acting in the direc-
tion of cut. The normal force is the force acting at right angles to the

direction of cut.

Analysis of the back clearance angle is straightforward. If the angle is zero,
the cutting forces are not significantly affected; however, British research
shows that the normal forces grow very large, as shown in Figure 6, 2 and
are comparable to the cutting forces. As the clearance angle is increased
from 0 to 5 degrees, the cutting and normal forces significantly decrease.
Increasing this angle above 5 degrees has little effect on normal and cutting
forces as shown in Figures 7 and 82 (d is depth of cut in Figures 6 through

10).
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Both the mean normal force and the mean cutting force decrease with

increased rake angle as shown in Figures 9 and 10,

2504
=5 .
~ w
v 2004 . 150 p=s’
s8] =z
2 L
S 1504 =
= d=0-4IN. S 100+ d=041N
T d=0.3 IN. I \/dc‘” N
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E § e /d=O-HN
o ‘d =01 IN. = &;}S{\
Z 50 [ W O
UEJ — c {0 0 ;o 40 S50
o . . . — RAKE ANGLE (DEG.)
o {0 00 JOo 40 50
RAKE ANGLE (DEG.)
Figure 9 MEAN CUTTING FORCE Figure 10 MEAN NORMAL FORCE
VERSUS RAKE ANGLE VERSUS RAKE ANGLE

It is interesting to note that the mean normal force is approximately zero at
rake angles above 25 degrees. If the cutting tool is sharp, in some cases
the normal force becomes negative for rake angles above 25 degrees, in-

dicating a self-penetrating action of the bit.

4,1.2.2 Pick Width (Tool Shape)

As would be expected, force increases linearly with pick width. Pomeroy

6

points out that two important components should be considered when analyzing
pick width in coal cutting, the volume swept by the wedge and the side splay
(breakout of coal to either side of cutting tool). Increasing the width of the
wedge increases the volume swept and proportionately the side splay. Even
though force increases with width of bit, volume also increases, thus de-
creasing specific energy (energy input per volume cut). Most bits used in the
United States are of the point-attack type, such as the plumb bob and the
pencil-type bit. These bits have been shown very inefficient compared with

chisel~type bits.
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In testing both hard and friable coal, Porneroy6 summarizes, '"In hard coal,
the benefits of large cutting tools are reduced specific energy and increased
product size, whilst in a friable coal, large cutting tools will certainly be

as good as small ones and there is some evidence that they may be better."

4.1.2.3 Bit Shape
A bit can be evaluated not only on ability to cut, but on efficiency in cutting.

4 2, 7 that the efficiency of a bit increases as

British- Research has shown
the angle on the face increases to 180 degrees. Certainly, different mining
applications will require different and sometimes unique cutting tools, but
generally the British research has found that the chisel bit is a more

efficient cutting tool than are the pointattack bits.

4.1.2.4 Bit Speed

Bit speed within the limits of present-day mining machines appears to

have little influence on the cutting process. Both British and U.S.
Investigations have not verified any correlation involving bit speed.

This may be explained by the crack propagation speed in coal. If the speed
of crack propagation is much greater than the pick speed, it is reasonable
to expect that changes in pick speed would have little influence on the cutting
process. It is estimated that the crack propagation speed of coal may be

in excess of 500 meters per second.

In a drum-type miner, however, increased drum speed can cause windage
problems and scattering of dust. This high-rpm drum rotations has, in fact,

been isolated as a significant factor in the distribution of dust.

4,1.3 Depth of Cut

Following is a summary of investigations concerned with depth of cut and

related variables in the coal-cutting process. Of major concern to the
CDLCH project are forces involved in deep cuts, spacing of the bits,
dust generation, size distribution of the broken coal, and specific energy.
}
4,1.3.1 Forces
As previously mentioned, information on the forces involved in cutting coal to

a depth of 0 to 1 inch is readily available. The research has been conducted
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on British as well as U.S. coals. Information on cuts greater than 1 inch
is very limited at this time; however, research is now being conducted at

the USBM facility in Twin Cities, Minnesota.

Generally, in both British and U.S. laboratory investigations concerned

with forces related to depth of cut, a single pick is employed in cutting coal
at various depths. All tests show that the forces involved in cutting coal,
normal and cutting, vary in a sawtooth fashion over a given specimen of coal.
The peaks of the sawtooth are referred to as peak forces. Usually, a group
of peak forces are calculated so that a mean peak force can be determined.
Once data for a particular test is collected, a mathematical and statistical

analysis is performed.

The end result is an equation describing the behavior of forces as a function
of depth, and correlation is very good within the limitations of the experi-
ment. However, the tests to date have been conducted at depths less than

2 inches, in most cases less than 1 inch, and using the experimental equa-
tions for depths greater than the scope of the experiment gives unreliable

information,

Attempts have been made at purely theoretical derivation of equations.
These derivations are usually identified by use of the compressive and/or
tensile strength of coal. For example, I. Evans® formulates equations
with respect to coal ploughing using the tensile breakage theory of coal.

He derives an equation describing the cutting forces as a function of blade
geometry and the tensile strength of coal. The expression for cutting force

for a sharp wedge is

sin (8 + ¢)
1 - sin (6 + ¢)

P = 2td

where P = peak cutting force per unit width of wedge
t = tensile strength of coal

d = depth of cut

6 = semiangle of wedge

¢

= clearance angle.
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In addition, the normal force is expressed in the following manner:

Q = P+ tan (¢ = a)
Q = normal force
a = rake angle.

In conjunction with the equation for cutting force, this gives a correct form
for normal force, falling to zero for ¢ = a and becoming negative for
greater values of . Again, these equations generally agree well with ex-

perimental results, although at times they deviate widely.

The nature of the foregoing discussion is to emphasize that the information
available to us from previous research is insufficient to make an accurate
evaluation of the forces involved in sumping and shearing coal to a depth

of 6 inches. However, more recent research conducted by the U.S. Bureau
of Mines in deep cutting has given the necessary information for initial
evaluation of the forces required to sump into and shear coal to a depth of

6 inches. Following is a brief summary of USBM research into cutting

forces.

From a test performed on Illinois Number 6 coal, an extrapolation was
projected that suggested 12, 000 pounds per bit was an approximate force
requirement to sump 6 inches. The bit used in this projection is a 1/2~ to

1-1/2«inch pointed-face-shape bit.

Actual penetration or sump tests conducted by the Bureau used six 1-inch-
diameter bits, with cone angles varying in 30 degree increments from

30 degrees to 180 degrees (flat face). Sumping 4 inches into coal pro-
duced a mean force of 11,500 pounds + 1,500 pounds. These tests were
conducted on Illinois Number 6 and Pittsburgh Seam coal. The shape of

the cone angle on the cutter face had no effect on the force requirement.

In addition, the Bureau found that in shear tests using a 4=-inch bit, 2-inch-
diameter shank, 60-degree tip, and 45-degree rake angle, the following
forces were recorded:

® Maximum force: 8, 800 pounds

® Mean force: 3,300 pounds.
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Another important point determined in previous investigations and con-
firmed by recent Bureau work involves shear forces connected with groove
spacing. (Groove spacing or ‘bit spacing is the distance between cutting
paths generated by adjacent bits.) If groove spacing in a material is such
that neighboring grooves do not interact, the cutting force increases in
proportion to the depth of cut. However, for spacing where neighboring
grooves interact, the cutting force decreases after reaching a maximum.

Spacing is further discussed in Subsection 4.1, 3. 3.

4.1.3.2 Specific Energy

In coal-cutting genre, specific energy is defined as energy input per unit
mass removed. Evidence 11, 1s 9 2, 2055 heen gathered indicating that
as depth of cut increases specific energy decreases. Also, as bit spacing
tends toward an optimum, specific energy decreases (Figure 11). In addi-
tion, the production of fines (Figure 12) 8is accompanied by the expenditure

of more energy in their production.
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AND DEPTH OF CUT, ILLINOIS NUMBER 6 COAL
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Concerning machine design and specific energy, Pomeroy8 states, '"The
general principle that cutting efficiency is highest for deep cuts with widely
spaced tools is true even when the tools are substantially blunted. A further
relevant factor that must be mentioned is the ideal tool width. It has been
shown that the breakout to each side of a chisel shaped tool is controlled
primarily by the depth of cut and not by tool width. Deep cuts will inevitably
demand high forces that fluctuate between wide limits but these can be con-
tained within machine design, provided this fact is properly considered in the

design of a complete cutting system on the machine."

4.1,3.3 Line Spacing

When two grooves are channeled parallel to one another, the interaction be-
tween the grooves is a function of the distance between bits and the depth of

the groove (Figure 19). t2
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I. Evans 13 best sums up the importance of spacing, stating, ''If picks are
well positioned, relative to one another, the machine stands a good chance
of cutting efficiently. That is producing material in a desirable size range,
with economic use of power and minimum fines; if badly positioned, an
excessive amount of power will be used and a super abundance of fines
produced. " Empirica17 and theoretical 12 researchers have reached similar
conclusions involving optimum line spacing. Although the actual coal to be
cut will determine bit spacing, it is generally agreed that the optimum bit
spacing is within a range of two to three times the depth of cut. I. Evans!3
developed a theoretical model for chisel-type bits that exhibited good agree-
ment with experimental results when the width of the tool to depth of cut

ratio is between 0.5 and 2. His model is based on the tensile strength

theory of coal, and predicts optimum line spacing and splay angle.
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For splay angle the following expression is used:

tana = 1/5 [k + (k% +20) 1/2]

where a = splay angle

= width of tool
depth of cut
= w/d.

> oo od
it

Furthermore, line spacing (s) is described by

s/w = [1/2 + (1 + E-g)‘l/ZjI
' k

where s = line spacing.

4.1.3.4 Dust and Related Parameters

Existing continuous miners generate large quantities of airborne and non=
airborne respirable dust. Not only are the economic repercussions of this
problem of great concern, but because of the health hazard alone elimination
of the problem is of paramount importance. In the past, concentration

has been on suppression rather than prevention. Extensive studies have
been conducted on water sprays and configuration in an attempt to wet down
and suppress dust at the major generation points. The optimization of ven-

tilation systems has been examined in an effort to effectively control dust.

In actual experiments, the following dramatic findings have surfaced con=
cerning dust generation in the coal extraction process:
® Percentage fines increase with specific energy (Figure 14).
e Respirable specific dust decreases with depth of cut (Figure 15). 14
® The greatest dust generation per ton of coal mined occurs at cuts
less than 1 inch deep.

@ Specific energy decreases with increased depth of cut.
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4,1.3.5 Characteristics of the Rotary Cut
As part of the study of deep, constant-depth cutting, the Bureau's Twin

Cities Mining Research Center analyzed the characteristics of existing
rotary-cutting continuous mining machines (CMM)., The bits on the drum
of a CMM are fixed at some angle of attack (a) relative to the drum.

During a 180-degree rotation of the drum, the actual angle of attack (07)
relative to the bedding plane of the coal continuously changes as shown

in Figure 16.f20 For a fixed angle of attack o = 45 degrees, 0, would range
from -45 degrees (entry) to +135 degrees (exit) during 180-degree rotation
of the head., This shows clearly that «is equal to 8jat 90 degrees rotation,

thus limiting the optimum angle of attack to only one point during rotation.

In addition, the depth of cut is a continually changing function of rotational
angle ¢. Figure 17 shows that the depth of cut at ¢ = 0 is zero (entry) and
the depth increases to a maximum at ¢ = 90 degrees. The depth of cut from

90 degrees to 180 degrees is a mirror image of the graph in Figure 17,
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and shows the decreasing depth of cut from 90 degrees to the exit at
180 degrees. As with angle of attack, the maximum or optimum depth of

cut is obtained only during one brief point in the rotation.
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Figure 17 DEPTH OF CUT AS A FUNCTION OF ROTATION

4,.1.4 Cleats and Angle of Attack

As previously discussed, cleat effects play a major role in the cutting of coal,

To test the effect of cleats, researchers have built experimental models so
that various angles of attack with respect to the cleat planes can be evaluated.
The results of these tests indicate that cutting 90 degrees to the main cleat
(i.e., ""on end") is most difficult, and that cutting ""on board' (0 degrees) or
at an angle of 45 degrees to the main cleat requires the lowest forces. The
explanation of cleat effects is probably best explained by Pomeroy:

It can be seen why cutting at 45 degrees to the main cleat results in a
larger product yield than for the other orientations. Moreover, as the
initial crack from the wedge tip runs down into the coal along a cleat

a low force is needed to start it., Breakage finally results in trans-
verse bending of the '""beams' of coal defined by the cleats.
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In the 90 degree direction there are no existing cleats in the coal to
assist crack formation (unless there is a marked cross cleat) and

the cracks from the wedge run downwards into the coal until a gross
main cleat is interesected, when a fragment breaks away. As the
cracks are formed in solid coal the cutting forces are high, and
unless the main cleats are widely spaced the product yield will be low
and consist of relatively small fragments.

Cutting in the other two directions is self-explanatory. At 0 degrees
the cleats are oriented in a way that encourages cracks to run along the
path of the wedge tip and so breakage forces and coal yield are both
low, whilst at 135 degrees a sequence of cracks runs from the wedge
to the surface of the coal with very few excursions into the bulk of the
coal, In this case the forces are again relatively low but the product is
small in size and in quantity.

4.2 DESIGN CONSTRAINTS

The design constraints dictated by the contract are straightforward with

regard to the project goals. The means and conditions for obtaining these
goals, however, are generally left to the discretion and judgment of the
contractor based on conclusions resulting from the problem analysis.
Specifically, the contract calls for accomplishing the tasks of an existing
continuous miner by means of retrofitting such a miner with a constant-depth
linear cutting device as discussed in RFP JO265010. If a retrofit is

not possible, then the contractor is directed to look at total machine design

to accomplish the contract requirements.

4.2.1 Bit Type
The type of bit used will be dictated by the individual concept. Standard

off-the-shelf bits will be specified when possible, but generally the bits

will be unique to the concept.

4.2.2 Bit Spacing

As discussed in Section 4.1, Previous Studies, the general consensus of
the research indicates that bit spacing can be related to depth of cut and
that, generally, a spacing of two to three times the depth of cut will assure
sufficient breakout. This assumption will be used in developing concepts
for this study. However, only an in-situ test at the coal face can determine

the correct bit spacing.
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4.2.3 Sump and Shear Forces

Determination of the forces to sump and shear coal to a depth of 6 inches
must also be determined by a comprehensive test program. Most of the
British work has involved shallow cutting, primarily at depths less than
1 inch, This work cannot be applied or extrapolated to deeper cuts. Re-
cently, the USBM Twin Cities Research Center has made laboratory cuts

and recorded the forces for the cuts to a depth of 4 inches.

From the Illinois Number 6 coal and the Pittsburgh coal, the Bureau

has extrapolatéd (for a 6-inch cut) a force of 12,000 pounds as a probable
sump force. This force is considered a mean force for a 6-inch depth

of cut. In addition, based on the Bureau's research, the shear force will

be equal to or less than the sump force.

For the purposes of this study, the concepts are designed for a 15, 000-pound
sump and shear force, at a 6-inch depth of cut, When actual forces are
determined, the machine components can be scaled up or down as the case
dictates. Consideration was also given to designing LLCRH for a 3-inch depth
of cut (see the conclusions and recommendations section), The forces used
for this 3-inch cutting depth are based on actual forces measured during
cutting tests of Wyoming coal at the Bureau's Twin Cities laboratory. The

mean cutting force was found to be 2, 700 pounds.

4.2.4 Seam Height

The seam height will not be a specific value, but rather will be dictated

by the machine chosen for retrofit.

4,2.5 Sump and Shear Rates

The sump and shear rates will certainly be dictated by the individual concept
and the components involved. However, where applicable, the following
rates will be specified:

e Sump rate: 1 inch per second

@ Shear rate: 1 foot per second.
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4.3 CONCEPT DESCRIPTION

During the course of the contract, five concepts were considered sufficiently

significant to develop layout drawings and perform preliminary calculations
for power, production, and component sizing. Table 3 is a summary of these
concepts, location in the text, characteristics such as production potential
and horsepower, and some remarks about the advantages and disadvantages
of each concept. The linear cutting rotary head (LCRH) and the self-sumping
head (SSH) concepts are recommended in this report. They have been
developed to a much greater extent than the other three concepts, and are
fully discussed in this section. The remaining three concepts, the chain
ripper, the articulated head, and the V-face concept, although not recom-
mended, are described in the appendix, because they were important parts

in the total study.

4,3.1 Self-Sumping Head (SSH) Concept

4,3.1.1 General Description

Figure 18 is an artist's drawing of the self-sumping head concept. Figure 19
is a general arrangement drawing of the concept retrofitted to a Joy 12CM
miner. Figures 20, 21, and 22 show the concept on a Jeffery 120 Heliminer,
aLee-Norse 455hard-head miner, and a National Mine Service miner,

respectively.

The concept features an eight-bit head driven by chains attached to cylinders.
Each of four sump cylinders (1, Figure 20) across the head drives a segment
of the head containing two bits. The bits can be rotated two at a time, thus
reducing need for auxiliary support. In this mode of operation, only a stabi-
lizer pad (13) located at the rear of the machine (Figures 19 and 20) will

be necessary to react the cutting forces. Such stabilization mechanisms

are frequently incorporated on standard continuous mining machines. As the
head is sumped, the rotation action brushes the roof by means of a brushup
bar (7). In addition, if rib brushing becomes necessary, small side bits

(11) can be installed that would rotate with the head, facilitating rib cleanup.
These rib brushing bits would be employed only when absolutely necessary,
as more bits generate more dust. The cutting bits are equipped with standard

carbide tips (8) and a special carbide insert (9) for the shearing process.
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Table 3 CONCEPT SUMMARY

Location in Text HP for HP for Total Calculated Retrofit
Concept Description 6" Depth 3' Depth Weight Tons Per To Existing Remarks
Engineering Economic of Cut of Cut (Lbs} Shift CMM
Feasibility Factors
JHom [tas )32 {10 2 4 o ][ ] sl
Linear LA 4.3.2 4.5.5 600 450 130, 000 1314 No High production
Cutting + ; 4.6 849 Low airborne respirable dust
Rotary/“: _____ .
He\ap 4.7.2
NN
Self-Sumping .« ) . . s s
! 4.3.1 4.5.4 300 NG 88, 000 505 Yes Production matching existing CMM
: 4.7.1 ’ Simple, reliable head mechanism
No sump rig jacks required
A A 300 NC NC 549 Yes Good' production 'bui.:
requires sump rig jacks
and head is complex
A A 300 NC NC 671 Yes Good production but chains
are a high maintenance item
Large head hard to maneuver
and limits visibility of face
V-Face A A 400 NC NC 303 Yes Complex cycle, thus long cycle
time yields low production.
NC = Not Calculated A = Appendix
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LAYOUT DRAWING, SELF-SUMPING HEAD CONCEPT
SHOWN ON JOY 12CM MINER
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LAYOUT DRAWING, SELF-SUMPING HEAD CONCEPT

SHOWN ON LEE-NORSE 455 MINER

Figure 21



6G

i

| R
n

%y!agax_znmmmmmmmmmmmm!o

Figure 22

LAYOUT DRAWING, SELF-SUMPING HEAD CONCEPT
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With the head (6) positioned at an efficient shearing angle (approximately

45 degrees to the bedding planes), shear cylinders (3) push the entire cutting
boom (5) down through the coal a preset distance. At this time the sump
cylinders (1) are activated, rotating the head the remaining distance through
the coal and out as shown in Figure 19. Again the brushup bar is employed,
this time brushing the floor as it is rotated out of the coal. The head is
capable of rotating 240 degrees. Three bumpers (12) along the front of the
head position the miner so that the appropriate sump will be achieved. Four
return cylinders (2) return the head to its maximum drawnback position
(ready to sump). The top plate (10) of the shear cylinders (3) has a roof con=-
tact area that gives about 30 psi pressure against the roof during shear-down.
The entire boom assembly is pivoted at the same point as the original rotary

head and is maneuvered by cylinders (4) using the original pivot points.

4.3,1.2 Mining Sequence

The following mining sequence is anticipated for the self-sumping head con-
cept (see Figure 23):
® The miner trams forward until the bumpers engage the face.
e The boom is positioned so that the desired seam height will be
achieved.
@ The shear jack cylinders raise the roof plate to the roof.
The head cylinders are activated and the bits are sequentially sumped
to a preset position.
® The shear cylinders then push the head assembly through the coal to
a preset position.
The bits then sequentially finish the sump and clear the coal.
The head assembly is then returned to the initial position and the

miner is trammed forward for another cut.

The control system will be a manually operated semiautomatic hydraulic
system that will be no more complicated than existing control systems for
CCMs. This system allows full benefit of the operator's feel and vision
during the cutting process. The sequencing of the head segments will be
semiautomatic. They can be controlled in an automatic mode or the operator

can control each segment individually.
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4.3.1.3 Retrofit Components

The self-sumping head concept is shown in Figure 19, retrofitted to a Joy
12CM continuous miner. The chassis, basically unchanged, retains the stan-
dard gathering head, conveyor, tram system, and related components. The
major modifications involve replacement of the standard hard head with an
SSH boom and head. The boom, constructed of steel plates and members, is
pivoted at the same location as the hard-head boom. The head contains four
sets of cutters and related hydraulic cylinders. Two telescoping hydraulic
cylinders are mounted directly on the boom for shearing the head down. It is
anticipated that the original head motors will be replaced by two electric
motors and pumps to power the head components. These electric motors

will develop approximately 150 horsepower each.

The following major components and materials are required for retrofit; they
replace the standard rotary head, boom, and related support components.

e Four 8-1/2~inch-diameter, 30~inch-stroke hydraulic cylinders with

3-inch=diameter rods

e Four 3-1/2~inch-diameter, 30~inch=-stroke hydraulic cylinders with
2~inch-diameter shafts
Two PMC 15,500 three-stage double-acting hydraulic shear cylinders
Twenty=-five feet RC 2505-2-double~strand Link-Belt chain
Eight Acme 200 A24, 20,.49~inch -diameter sprockets

Steel plates and material necessary to construct boom and roof

reaction plate

® TFour specially designed head sections, each section containing two
deep-cutting bits, two carbide inserts, brushing bits, and bars
Two 150-hp electric motors
Two 180-gpm hydraulic pumps

Necessary electrical and hydraulic controls.

Horsepower is as follows:
e IHead 300
e Gathering head and conveyer 60
e Tram 70
e Hydraulic pump 50.
Total horsepower is 480, approximately equal to that of an existing CMM.
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4,3.1.4 Forces and Power

Each sump cylinder (Figure HEAD HP = 300
24) sumps two bits, 15, 000 30 PS|
pounds each, fora total re- . 2

active force of 30, 000 pounds.
84,840 LBS
(TOTAL)

Using a 20~inch-diameter E
sprocket, the necessary TORQUE

66,000 LBS 55,000 FT - ;st

— 22 IN,

cylinder force (F) is:

22
F = 75 (30, 000)
Figure 24 FORCE DIAGRAM,
= 66,000 pounds. SELF-SUMPING HEAD

Cylinder force - chain pull = 66, 000 pounds.

Assuming system hydraulic pressure = 1,500 psi, area sump

66, 000 pounds

Cylinder (A S) = 1, 500 pS]. = 44 inCheSz.

For a 3-inch-~diameter shaft:

) 66, 000 .
op = axial stress = 5> = 9, 337 psi.
(3.1416)(1.5)
Ag 2
Diameter of cylinder (d) = AV + R
44
=\ + (1. 5;
= 8. 06 inches.
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Let diameter = 8.5 inches

Maximum rotation of head = 216 degrees

Circumference of sprocket = 62.8 inches
. 216 i
Cylinder stroke = ——— (62.8) = 37. 7 inches.

360

For a cutting rate of 12 inches per second, the head must rotate 143 degrees

in 2.15 seconds. Therefore, cylinder stroke for 143 degrees rotation is:
Cylinder stroke = .é_‘i"% 37.68 = 24.9 inches.

24,9 inches
2.15 seconds

Cylinder speed = = 11. 6 inches per second

Hydraulic flow:

2
Rate (Q) = "2~V
4
2
- (m)(8.5)7(11,6)(60)
(4)(231)
= 171 gpm.
66
Working pressure = ""—-—’—9‘99‘5:— 1,163 psi.
(m)(4.25)
171)(1,163
Horsepower = ( (1),(714) ) 116 hp.

Shear cylinder, roof, and reactive forces are shown in Figure 25,

W1l = 68,000 pounds Fx = FCOSo
W2 = 20,000 pounds Fy = Fsind
F = 120,000 pounds For=0 = 45 degrees

Fx = Fy = 84,840 pounds.
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Ay
Ax

W1l + W2, 68,000 + 20,000 = 88, 000 pounds.
frictional force = pAy = (88, 000) (0.5) = 44, 000 pounds.

il

LFy = 0, Ay - Wl «-W2+Fy-By=0
By = -W1 - W2 + Fy + Ay
-88, 000 + 84, 840 + 88,000 = 84, 840 pounds.

2 FX =0, AX+BX =-FX=0
BX = 84,840 - 44,000 = 40, 840 pounds.

Shear cylinders must react 84, 840 pounds. Using two cylinders, let force

each cylinder reacts = 50, 000 pounds.

A= area cylinder =51—0”5—(Z)%9- = 33,3 inches.
A
Diameter = —_ = 33.3 = 6.5 inches.
2\ 7 2 i
84, 840 84, 840 .
Roof = 2 = 2 = 30 .
OO0 PTeSSUTe = rea of top pad  (10)(12)(2)(12) pst

Let the shear speed equal 12 inches per second. For 6-foot seam, shear
cylinders will be telescoping four-stage ""Prince'' cylinders with bores of

6, 7, 8.25, and 10 inches.

10 + 8.245 +7+6 = 7.81 inches.

Average diameter (DA) =

n(DA)2Y

Flow rate (Q) = 4

(m)(12)(7. 81)2(60)

4)(231) =149 gpm,
_(2)QP
Total shear hp = T, 714
Pressure (P) = 20,000 _ 1,768 psi
() (3.0) 2
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Total hp = (2>(14f)(11-4768) = 307 hp.
7

Root mean square hp is the sum of hp requirements times the time needed (t)

divided by the total time in use.

2
RMS (hp) 2(hp)=(t)

total time

2
\/[(307) 2:5] o

RMS (hp)

H

20, 31

Considering inefficiencies, an estimated 300 hp would be required to operate

the head under maximum load.

Total power:

Head 300 hp
Gathering head-conveyor 60 hp
Tram 70 hp
Hydraulic pump 50 hp
Total 480 hp.

This approximately equals the power requirements of a standard CMM.

4,3,1.5 Cutting Bits

The main cutting bits for this concept will be standard plumb~bob-type bits
with carbide tips. Each cutting section will also be equipped with specially
designed inserts of carbide or other suitable material., These inserts will
interact with the face during cutting. Figure 19 shows the location of these
inserts (9), The cutter (7) located on top of the head will be a replaceable-
type cutting device. Also included in the design are rib cleaning devices

(11), small off-the-shelf bits or cutting teeth.
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4,3.1.6 Auxiliary Support

As discussed in the SSH general description section, only a stabilizer pad,
operated by a hydraulic cylinder, will be necessary to react sumping forces.
The function of the pad (Figures 19 and 20) is to extend the pivot point from
the rear of the tracks back to the stabilizer pad. Coupled with the shear pad,
this system will assure machine stability while mining. The shear pad located
on the boom reacts shear forces off of the roof., The shear pad will be large

enough to assure minimum pressure against the roof (30 psi for ideal contact).

4,3.2 Linear Cutting Rotary Head Concept (LCRH)

4.3,2.1 General Description

Figure 26 is an artist's concept drawing, Figure 27 is a scale model picture,
and Figure 28 is a genei'al arrangement drawing of the LCRH concept. The
head is essentially a crank~rocker arrangement that duplicates the motion

of a Cardan generation mechanism. The triangular cross=sectional drum (13)
is coupled via an offset crank (11) to the boom (9, Figure 29). With the inter-
mediate support frame (16) rigidly fixed, the counterclockwise motion (10)

of the crank coupled to the head (13) in a 3:1 speed ratio forces the cutter tip
(15) to trace a nearly square path. Two 300~hp electric motors input a trans-
mission that is coupled to the head and through the offset crank to the boom.
A shear pad and cylinders attached to the intermediate support frame supply
the reaction force for the shear cut. A sumping platform located at the rear
conveyor of the machine supplies the reaction force via hydraulic cylinders

to sump the machine. The sumping platform is designed to provide the forces
necessary for 6=-inch cuts. If 3-inch cuts were made, the platform would

not be required because the vehicle tracks would provide sumping thrust.

4,3,2,2 Cardan Motion Mechanism and Eccentric Drive Crank Concept

Figure 29 and Patent Application 702, 373, '"Linear Cutting Rotary Head

Continuous Mining Machine' describe triangular rotary head with cutting
bits located 120 degrees apart driven by a pinion within a fixed internal
gear. This generates-a Cardan motion which causes each individual bit to
follow an approximately square pattern. Such a cutting pattern would permit
quick bit entrance and exit which will minimize the creation of dust. A deep

constant-depth cut will maximize coal production and minimize coal dust.
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For the following reasons an eccentric drive crank mechanism outside and
behind the cutter head has been substituted for the pinion/internal gear
Cardan motion mechanism described in the referenced patent application:

e A large cross-sectional area and volume is required to incorporate the
mechanism within the cutting head. A Cardan motion with a 3-inch
eccentric results in a head with a cutting circle of approximately
56 inches rather than the desired 36 inches.

e High gear loading.

Difficulty of sealing mechanism against dust and moisture.

e Difficulty of maintaining and repairing, particularly in the field.

The cutting head subassembly specifications are as follow:
Head rotational speed: 10 rpm

Depth of cut: 6 inches

Cut pattern: straight-line (part of Cardan curve)
Lioad on an individual bit: 15, 000 pounds

Number of bits: 24

Bit arrangement: three groups of eight bits located at 0 degrees,

120 degrees, and 240 degrees; bits located on 18«inch centers.

The eccentric drive crank concept simplifies the Cardan generating mech-
anism. Patent Application 702, 373 specifies a pinion diameter to internal
gear diameter ratio of 3:4., Figure 29 illustrates such a mechanism and
shows that the Cardan motion can be broken down into a clockwise rotary
motion of the cutting head and an eccentric counterclockwise rotary motion

of the center location of the cutting head.

The eccentric drive speed is three times that of the cutter drum. The two
motions are mechanically interconnected to ensure synchronization, as shown

in Figure 30,
To reduce the amount of machinery within the cutting head and to simplify

design, a four-bar linkage mechanism was considered; see Figure 31,

Both alternates generate a !"pure'' Cardan motion.
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To further simplify the
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-
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Figure 30 ALTERNATE CARDAN IMECHANISM cutting., See Figure 29.
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4,3,2.3 Mining Sequence (6~inch cut)

Refer to Figure 32. The sequence is as follows:

The shear shoe with supporting cylinder is retracted.

The cutting head is raised to the roof by extending the two lift cylinders.
The cutting head is rotated at 10 rpm.

The sump cylinders push the cutting head forward at a rate of 15 feet per
minute.

After the head advances 30 inches (10-second time period), the motion
of the sumping cylinders is stopped.

The cylinders for the shear shoes are extended at the rate of 15 feet per
minute. This pushes the cutting head down for the shearing operation.
During the shearing operation, the sumping rig is disengaged from the
mine roof and the sumping cylinders are retracted. This moves the
sumping rig forward.

When the shearing operation is completed, the roof shoes of the sumping
rig are extended to the roof.

The cycle is repeated.
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Figure 32 SUMPING AND SHEARING OPERATING SEQUENCES
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It is likely that if the cutting depth was changed from 6 to 3 inches, the need
for a sumping rig would be eliminated. The mining sequence would there-
fore be simplified and speeded up with elimination of sumping rigs for the

3~inch cut.

4.3.2.4 Retrofit Components

Following is a list of the major changes and components necessary to trans-
form a CMM to the LCRH eccentric drive crank concept:
e Drum Body
Design of the drum body is shown on Figure 28. The gear train driving
the drum at 10 rpm will be built to accommodate the torque needed to
drive eight cutting tools through the coal face at a depth of 6 inches.

® Eccentric Drive

The eccentric drive, with a 3 inch throw, is driven at 30 rpm by a

takeoff from the transmission train to the drum drive. See Figure 33.
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Figure 33 POWER TRAIN
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e FEccentric Drive Crank Cutter Head Power Train

Refer to Figure 33, The drive train is similar to that for a medium
CCM except for the addition of the power takeoff for the eccentric drive.
The proposed design is for illustrative purposes only.

e Motor
The two motors are 300-hp water~cooled electric units suitable for
coal mine use. See Figure 33 for location of motors on cutter boom.

e Cutter Boom For Cutting Head

The cutter boom will be connected to the main frame via a 12-inch-long
pivoted linkage bar (Figure 34). The cutter boom will be supported by

eccentric drive mechanisms connected to the intermediate support frame.
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Figure 34  MECHANICAL SCHEMATIC

e Intermediate Support Frame

Refer to Figure 34. The framework is hinged at a fixed point on the
frame of the vehicle and is supported by two lift cylinders. This support
is connected to the cutter boom by the two eccentric drives. In operation,
the entire assembly can be raised and lowered by the lift cylinders. The
Cardan motion is generated, independently of the lift cylinders, by the

rotating cutting head and eccentric shafts.
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® Shear Shoes With Supporting Cylinders

During sumping and shearing operations, an 86,000-pound force is
required to hold down the cutting head. Otherwise the cutting head
would lift the mining machine off the floor. This force is obtained by
the use of two shear shoes with individual telescopic cylinders mounted
on the intermediate support frame; see Figure 35. Equipment required
includes two fabricated shear shoes, two telescopic cylinders, and

miscellaneous hardware.
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Figure 35 SUMP AND SHEAR FORCES

e Sumping Rig

The sumping rig subsystem is required to advance the miner at a rate of
15 feet per minute during the sumping operation. A horizontal force of
130, 000 pounds will be required. The sumping rig is anchored to the
floor and ceiling by extending the two cylinders for the roof and floor
with a force of 65, 0000 pounds each. See Figure 35. Edquipment required
includes two fabricated roof shoes, two fabricated floor shoes, two
hydraulic cylinders for roof shoes, two hydraulic cylinders for sump

cylinders, and miscellaneous brackets, hardware, etc.
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e High-Capacity Gathering Head and Conveyor Belt System

The new LCRH design will have an average production rate of 540 tons

per hour, with short peak loads approaching 1, 000 tons per hour. The

gathering head and conveyor system will be sized accordingly.

4,3,2.5 Forces and Power

Forces and power of the LCRH concept drive mechanisms and related

components were determined for two depths of cut, 3 inches and 6 inches.

Figures 35 and 36 are force diagrams (for 6-inch depth of cut).

DRUM, 10 RPM CW, 160,000 FT-LB

305 THEORETICAL HP
180,0004# t::;z\

m

| )/
16” R
96” 48” N
120,000#
60,000# ECCENTRIC, 30 RPM CCW, 45 000 FT-LB.
91 THEORETICAL HP =80, 55,4
Figure 36. FORCES AND POWER REQUIRED

Forces and power for 6-inch depth of cut were determined from the

following data:

Force per bit = 15, 000 pounds

Number of bits = 24

Number of bits simultaneously cutting = 8

Bit spacing centerline to centerline = 16.2 inches
Head rotational speed = 10 rpm

Sump rate = 3 inches/second

Shear rate = 3 inches/second.
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The power requirements for the head to cut coal and operate the
eccentric are:

® Head torque required: 160, 000 foot-pounds

@ Theoretical horsepower at the cutter head: 305

® FEccentric maximum torque required = 45, 000 foot-pounds

@ Theoretical power required to drive the eccentric mechanism:

91 horsepower.

Using electric motor drive to a gear reduction unit with two power takeoffs
(one to the head, one to the eccentric), we have the following requirements:
e Total theoretical horsepower required: 396
e LEstimated total cutter boom power required (66 percent efficiency):
600 horsepower
e With load divided between two motors, electric motor size: 300

horsepower.

Currently, Louis Allis Division of Litton Industrial Products, Inc., specially
produces a 200-horsepower, 1,200 rpm water-cooled electric motor for
mining applications. The power requirements of this motor can be increased
to 300 hp by increasing the rotational speed to 1, 800. The approximate

package size would be 18 inches diameter by 32 inches long.

The gear reduction units would be custom-built items. The maximum
torque requirement of the units would be 80, 000 foot-pounds each. Although
this requirement is high, it is not seen as a technical determent to the LCRH
concept. The Deep Cutting Continuous Miner, U.S.BM contract HO122039,
is capable of 116, 000 foot-pounds at the head or 58, 000 foot-pounds per re-

duction unit,

Additional power requirements are:
® Shear Shoe Cylinders (2)
Total force required: 86, 000 pounds

Telescoping cylinder diameter, smallest cylinder (1,500 psi): 6 inches
Hydraulic flow rate: 90 gpm

Theoretical power required: 78 horsepower.
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e Sumping Rig Roof Shoe Cylinders (2)

Total vertical force required: 130, 000 pounds
Cylinder diameter: 12 inches.

e Sumping Cylinders (2)

Total horizontal force re(juired: 130, 000 pounds

Cylinder diameter: 7.5 inches

Hydraulic flow rate: 70 gpm

Theoretical power requirement: 60 horsepower.
¢ ITram

Total power required: 70 horsepower.

e Conveyer and Gathering Head

Total power required: 70 horsepower.

e Other Hydraulic Functions

Total power required: 50 horsepower.

In summary, the total peak power requirements would occur during the sump
cut and are:

e Head cutting: 600 horsepower

e Conveyor: 70 horsepower

e Sump cylinders: 60 horsepower.

The total power requirements of the LCRH are:
e Two 300-horsepower electric head morots: 600 horsepower
e One 200-horsepower electric motor to operate
the hydraulic tram, hydraulic conveyor,
sump rig, shear rig, head boom, tail boom

swing and raise, and main conveyor raise: 150 horsepower

e Total 750 horsepower,

Forces and power for the 3-inch depth of cut are determined from the
following data:

e Force per bit: 2,700 pounds (Wyoming Coal)

e Number of bits: 42

e Number of bits simultaneously cutting: 14

e

Bit spacing, centerline to centerline: 8.85 inches
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e Head rotational speed: 25 rpm
e Sump rate: 3.8 inches per second

® Shear rate: 3.8 inches per second.

The total power requirements are:

® Electric head motors, 2 to 225 horsepower 450 horsepower
@ Electric hydraulic system, 200 horsepower 200 horsepower
e Total 650 horsepower.

4.3,2.6 Trailing Cable Requirements

A 950-volt power supply system is recommended for the LCRH concept. This

would require a 1/0 awg or 4/0 awg cable.

A 1/0 awg cable is 1.86 inches in diameter and weighs 3 pounds per foot.

A 4/0 awg cable is 2. 31 inches in diameter and weighs 4 pounds per foot.

4.3,2.7 Cutting Bits

A detailed analysis, test, and development program is required to determine

the optimum design.

Some design parameters to be considered are as follow:
@ Depth of cut: 6 inches.
e Length of cutting tool: approximately 8 inches. This provides a 2-inch
clearance between drum body and coal face.
e Angle of cutting tool in relationship to coal surface: +30 degrees to 90
degrees to =30 degrees. See Figure 37.
Chisel bit cutter design: see Figure 38.
Carbide bit holder design: see Figure 39.

Force on individual cutting tool during a 6-inch cut: 15,000 pounds.

Cutting tool is to be designed for easy replacement,

4,4 AIRBORNE RESPIRABLE DUST GENERATION

Overwhelming evidence from laboratory and in-mine testing is that dust

can be reduced by optimizing machine parameters. The most significant

parameters are depth of cut, bit spacing, and cutter head speed.
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Following is a comparison of the airborne respirable dust (ARD) generation of
a CMM and of two CDLCH concepts, the self-sumping head (SSH) and the linear
cutting rotary head (LCRH). This study is based largely on linear cutting tests
conducted by the USBM at the Twin Cities Mining Research Center.

From this data and by calculating the total linear distance all bits must travel
to remove a given amount of coal, a value for ARD generation due to the
cutting process can be established. Dust generated from the process of the
bits cutting coal is referred to as primary dust. Additional dust is distributed
into the mine environment by regrinding the broken coal between the rotary
head and the face, windage due to the rotating drum, falling coal, and the
loading process. Dust generated from these processes is called secondary
dust. In analyzing the amount of dust due to secondary sources, several
assumptions must be made, based on actual in-mine testing. Calculations
based on these assumptions result in an approximation of the total dust

generated by both secondary and primary sources.

In the process of conducting this study of airborne respirable dust and collec~
ting data on the subject, the following observations were made:

® More data is needed which can associate actual numbers (i.e.,
total mass of respirable airborne dust per ton, or per minute) to a
continuous mining machine.

@ A correlation must be established that would relate the dustiness of
different coal seams reactive to one another. Data for such a cor-
relation does not now exist,

® The instrumentation, methods, and results of in-mine dust collection
studies must be standardized so that reliable conclusions can be made.

® The most reliable information on dust generation to date is laboratory

studie 520

using linear cuts and relating dust generation to depth of
cut and linear distance of cut., The information from these studies
can give theoretical dust generation values, for linear cuts as well
as rotary cuts, for the cutting process only., Dust generation due to
secondary breakage by falling, loading, regrinding, or fanning action

is not accounted for in these studies.
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To date, only a few in-mine tests to measure ARD generation of a CMM have

been conducted.

varying conditions and test procedures,

well within individual tests, collectively it varies widely.

These tests were conducted in various coal seams under
Although collected data correlates

For example,

in five tests, the mean ARD generation is 5,160 milligrams per ton with

a standard deviation of 4, 320 milligrams per ton. Table 4 summarizes the

results of the five mentioned tests and with some Twin Cities Mining Research

Center laboratory and micro-miner data for comparison.

Table 4 SAMPLING CORRELATION
Source Coal scam | Grinding | Sampler ARD, ARD, Type cut Remarks
index type(s) mg/ mg/
meter3 | ton
TCMRC Illinois 52 to 60 | B&L 176 to | Constant Calculated values
laboratory| Number 6 optical 812 1-inch which do not in-
data Pittsburgh | 59 sampler depth clude falling coal,
regrinding, gath-
ering arms, or
fanning action
Illinois 52 to 60 | B&L 591 to | Calcu- Includes regrinding
Number 6 optical 2,664 lated only from above
Pittsburgh sampler rotary listing
TCMRC Pittsburgh |59 GCA, SRI 895 to |60 rpm Short test cycles
micro- 1, 307 atl-inch only may have in-
miner depth fluenced distribution
on low side
TPR 96 Sewell 100 SRI 290 Rotary Depth of cut calcu-
Martta at 0,63 lated from sump rate
inch and volume removed
in cutting dry, i.e.,
no sprays
RRI Pittsburgh |59 Impingers 6,949 Rotary Nominal depth of
HO- to atl-inch cut varied for tests
122039 11,519 | nominal used from 0, 83 inch
to 1 inch at 51 rpm
RRI Pittsburgh |59 SRI 1to3 N/A Unreduced data;
HO- impingers 44 to tons were not yet
122039 60 available; cuts were
not less than 1 inch
deep
CR Lower 89 to 99 | MRE, MSA, 3,950 Rotary ¢
HO- Freeport impingers, to long-
230031 MSA no 5,904 |wall
cyclone
CR Upper 46 to 57 | MRE, MSA, 512 to | Rotary Depth unknown but
HO- Elkhorn MSA + 597 would not exceed
232061 Number 1 BC pump 1 inch maximum
Jeffrey Pratt Unknown | MRE, MSA, 2,599 Rotary Depth unknown but
HO- UNICO to would not exceed
232060 18, 994 1 inch maximum
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From analysis conducted using laboratory data, some in-mine data, and some
assumptions, we calculated 886 milligrams per ton ARD generation for a
CMM in Illinois Number 6 coal. This is obviously on the very low side of

the in=-mine mean. However, we felt that using the laboratory data, a more
meaningful comparison can be made between existing machinery and proposed
concepts. All comparisons are based on laboratory data and similar assump=
tions. If any conclusion can be drawn froma comparison of laboratory-based
values and actual measured values, it would be that the laboratory values

are very conservative approximations of ARD generation.

Table 5 and Figures 40 through 43 summarize the results of this ARD
study. The following report sections provide a detailed explanation of how

the results were obtained.

Table 5 RESULTS OF DUST STUDY

Factor ' Concept
CMM SSH LLCRH

Total ARD generation, mg/ton v886 60 100
Percent reduction -- _ 93 89
ARD generation, cutting only, mg/ton 798 16 . 56
Percent reduction -- . 98 93

" Return air concentration, * mg/mel&er3 98. 00 3,14 21.00
Theoretical room concentration, mg/meter> 65,00 2,61 17.60
Average cutting rate, *¥ tons/minute 3.42 3.41 9.00
Average ARD generation, mg/minute ’ 3,030 204 900
Percent reduction -- 93 70
Peak cutting rate, *¥% tons/minute h 7.5 4.5 18.0
Peak ARD generation, mg/minute ] 6,679 267 1, 800
Percent reduction ‘ ‘ -- 96 73

%3, 000 cubic feet per minute return air flow, brattice 4 feet from rib, 6-foot seam.
*kAverage cutting rate of miner while performing cutting and noncutting functions.
*¥¥Peak cutting rate is rate of cutting only.

4.4.1 Existing CMM Dust Analysis

Because reduction of ARD is one important goal of constant-depth linear
cutting, it was necessary to determine the amount of ARD generated by
existing continuous mining machines and use this number as a baseline to

determine the relative degree of dust generation of the CDLCH concepts.
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A description of the dust production due to regrinding, fanning, and loading
is found in TPR 96.18 The study found that in a 5 1/2-foot seam, 70 percent
of the ARD was generated during sump, while 20 percent was generated
during shear, and the remaining 10 percent resulted from loading, falling

coal, and gathering.

Because approximately equal amounts of coal were cut in sump and shear,

it is necessary to determine which factors contributed to the large difference
in ARD production. During the sump cut, the drum comes into contact with
the face at one point, and gradually increases the contact area until two en-
tire quadrants of the head are inundated in the coal. That is, at a sump equal
to one-half the diameter of the head, each bit must travel 180 degrees of head
rotation from entrance to exit of the coal. This condition would certainly
leave much time and area for abundant regrind of cut coal. Looking at the
shear cut, it can be seen that only one quadrant of the head (90 degrees)
would ever be in contact with the coal during a cut. This would leave less

area and time for regrinding of broken coal,

Perhaps an even more important consideration is the actual methods of force
application in sump and shear. In sumping, the weight of the miner is em-
ployed through the tracks to the head. The operator jogs the miner via the
the tram controls to control sump. An experienced miner develops a feel for
effective tram control during sump. If a CMM weighed 100, 000 pounds, it is
conceivable that 50, 000 pounds of force or more could be applied to the
head during sump. In contrast, the shear cut is controlled by the boom
cylinders. A constant pressure and cylinder speed dictate the shear cut.
Generally, little more than the head weight (say 25, 000 pounds) is required

to shear down.,

In summary, it can be seen that more force is applied to the head, and more
head area is in contact with the face during sump than during shear.

Because the head rpm and the cutting characteristics of the bits are un-
changed during the cutting methods, it is reasonable to conclude that at least

a portion of the difference between sump and shear dust generation is due

to regrind.
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To pursue the regrind question further in an attempt to assign a number or
percentage value, three semimathematical techniques are employed in the

analysis, to determine how much ARD is generated from regrind and windage.

4,4,1.1 Technique 1

Dust generation breakdown:

e Sump = 70 percent
® Shear = 20 percent
@ Joad = 10 percent
® Total dust generated = 100 percent,

Assume that equal amounts of coal are cut in sump and shear. It is obvious
that some regrind takes place during shear, but if we say that all dust gener-

ated in shear is due only to cutting, we can make the following statement:

Dust generation due to cutting only:

® Shear = 20 percent
e Sump = 20 percent
@ Load = 10 percent
e Total = 50 percent.

Regrind = 100 percent - 50 percent = 50 percent.

4.4.1.2 Technique 2

The miner used in the TPR 96 study was a Lee-Norse 26H continuous miner.
The cutting diameter of the head is 31 inches, and the head speed is 90 rpm.
It was calculated that the distance one bit travels while actually cutting sump
is 643 inches. In shear this distance is 907 inches. Again assuming that all
dust generated in shear is due to cutting only (a conservative assumption), we

can create the following expression:

shear cut 20 percent 0,022 percent
shear distance 907 inches inch

percentage of dust generated due to cutting only, per inch of cut.
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For sump, then:

(0. 022) percent
inches

= 14.15 percent of total dust generated is due to cutting.

Therefore, 70 percent - 14.15 percent = 55,85 percent of total ARD is due

to regrind and windage.

4.4,1.3 Technique 3
Total dust (TD) = 100 percent = sump percentage (PS) + shear percentage
(PSH) + load percentage (PL)

TD =0.7+4+ 0.2 + 0.1 = 100 percent.

Bit cutting distance percentage:
1s
1sh..

Length sump = 42 percent

Length shear = 58 percent

it

Regrind 100 percent - PL - 1sPS - 1sh PSH

100 percent - 10 percent - 42 percent (70 percent) - 58 percent

i

(20 percent)
1.0 - 0.1 - 0.42(.7) - 0.58 (0.2) = 0.49
49 percent.

u

i

The three techniques examined resulted in 50 percent, 55.85 percent, and
49 percent as values for dust generated due to regrind. In continuing this

analysis, we will assume that 50 percent of respirable airborne dust gen-
rated during the cutting process is due to regrind. With this established,
calculation of the total ARD generated by the CMM can be made with the

following laboratbry data and assumptions.

Data from the Bureau's Twin Cities linear cutting laboratory test:
e Seam: Illinois Number 6
e Dust production: 1,05 x 108p3 of respirable airborne dust per linear
cut foot, increasing 17 percent per inch with depth regardless of bit

type, angle of attack, space to depth ratio, or volume of coal removed.
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Assumptions for a continuous mining machine:
® Number of bits: 88
e Head speed: 60 rpm
® Depth of cut: 1 inch or less
@ With a 10=foot head, 3 feet in diameter, double laced with 88 bits
and cutting l-inch maximum depth, the total linear distance traveled
by the bits to remove 1 ton of coal will be 2, 700 feet.

e Coal mass: 80 pounds per foot.>

Multiplying the laboratory dust production rate by the distance the bits travel
to cut a ton of coal gives the dust generated by the cutting process only.

8

Dust production = (2, 700)(1,05 % 10

b?)

3
2,83 x 10 inches E&- = 355 milligrams per ton.
on

1

As stated earlier in this section and as established by TPR 96, the dust gen-

ration distribution when cutting a 5-1/2-foot seam is:

@ Sump = 70 percent
e Shear = 20 percent
e Iload = 10 percent.

From previous analysis of CMM using linear cutting laboratory data for the
Illinois Number 6 coal, we determined that 355 milligrams per ton of ARD
would be generated due to cutting. Dust generation breakdown is as follows,

on a per-ton basis:

e Cutting = 40 percent = 355 milligrams per ton
e Regrind = 50 percent = 443 milligrams per ton
@ Loading = 10 percent = 88 milligrams per fon
e Total =100 percent = 886 milligrams per ton.

The spread on the results of in-mine dust studies is too great to draw any
specific conclusions; however, a comparison can be made. Table 4 is a

summary of previous in-mine dust studies involving mining machines.
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The generation of ARD varies from a low of 290 milligram per ton to a
high of 18, 894 milligrams per ton; the mean value is on the high side of
the scale. From these initial studies, it would seem that 886 milligrams

per ton is a conservative value.

4.4.2 Self-Sumping Head Concept Dust Analysis

The SSH concept can be analyzed in a similar manner, by isolating the
individual ARD generators. Because of the nature of the design, regrind
does not occur. However, roof, floor, and rib brushing is accomplished by
secondary cutting; therefore, a factor of 10 percent is used for ARD produc-
tion due to brushing. The SSH produces much less ARD due to cutting than

a CMM; therefore, less ARD is entrained in the broken coal. A 50-percent
reduction in ARD due to loading can be expected for the SSH. Therefore:

e Cutting = 14,0 milligrams per ton
e Brushing = 2,0 milligrams per ton
e Total = 60,0 milligrams per ton.

The reduction of ARD generation, when compared to the CCM, becomes:

886 - 60

=93 t.
YT x 100 = 93 percen

percentage change =
The conclusions listed above are based on the following assumptions and
calculations for the self-sumping head:
e 1.05x 108 3respirable dust is produced at l1-inch depth of cut per
linear foot cut (from previously mentioned Bureau laboratory tests).
e The above dust level increases 17 percent per inch depth of cut
(established by Bureau laboratory tests).
e Face: 10 feet wide by 6 feet high.

The cutting path is not strictly a straight-box linear cut, but rather an
elongated crescent-shaped cut: therefore, the 6-inch path is divided into
three sections and analyzed graphically:

Cutting distance per bit = 7.62 feet

For eight bits, total distance = 61 feet.

Figure 44 shows the SSH cutting path, Table 6 lists SSH parameters.
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CUTTING PATH OF SSH

Figure 44 CUTTING PATH OF SELF-SUMPING HEAD CONCEPT

Table 6 SELF-SUMPING HEAD PARAMETERS

Depth of cut, | Distance cut, | Total Dust, Total dust, Coal cut,
inches inches zl;sgir:;? [13/£00t Il3 tons
feet

0-1 9.0 6.0 1.05x 108 | 6.3 x 108

1-2 4.5 3.0 1.2 x 108 3.7 x 108

2-3 6.6 4.4 1.4 x 108 6.2 x 108

3-4 12.0 8.0 l.§x'108 1.3 x 107

4-5 9.0 6.0 1.9x 108 | 1.1x 107

5-6 12.6 8.4 2.2 x 108 1.8 x 107

6 45.0 30,0 2.3x 108 6.9 x 107
Total 1.3 x 1010 1. 15
1.3 x 1010H3 respirable dust per cut = ._________Ollioiram = 14 milligrams per ton,

cutting only,

4,4,3 LCRH Concept Dust Analysis

No analytical or experimental method is available to determine the secondary
dust generation that may exist with the LCRH concept. Only an intuitive
approach can be used, and such an attempt will be geared toward presenting
the most conservative approximation that is close to the in-mine conditions.

In the CMM theoretical case, it was determined that regrind was responsible
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for 50 percent of the dust generation during cutting, or 433 milligrams per
ton for Illinois No. 6 coal. We intuitively tried to explain the regrind phe-
nomenon by examining the cutting action of a rotary head. Regrind as

such does not occur with this concept, but some crushing is evident.

Figure 45 shows the cutting
sequence of the proposed

L.CRH concept. Number

listhe first cut and so on
to Number 12, the final

cut,

Secondary crushing does
not appear as a problem -

until Cut 4 when the

clearance between the

head and face is small

enough to cause crushing

of the trapped broken

coal.

This crushing increases
in Cuts 5 and 6. Cuts 7

through 12 incur no

crushing because no

headface interference

takes place. Crushing

will not produce the Figure 45 CUTTING PATH
OF LCRH CONCEPT

severe dust geneneration
of regrind, and will not
be fanned by a fast-rotating head. We estimate, therefore, that the dust
due to secondary crushing will be approximately 10 percent of that produced

by a CMM by regrinding.

Figure 46 is a comparison of the difference in cutting between a CMM and

the LCRH.

95



CM Rotary CDLCH
100—150 bits 24 bits

Regrind

Figure 46 COMPARISON OF DUST GENERATED BY CMM AND LCRH

Total projected dust production is as follows:
e Cutting = 11,7 milligrams per ton

44,3 milligrams per ton

Crushing

44,0 milligrams per ton

®
e Loading
®

Total 100. Omilligrams per ton

86 - 100
Percent change = Q—W x 100 = 89 percent reduction in ARD generation

when compared to the CMM.,

The LCRH concept dust production is based on the linear cutting test on
Illinois Number 6 coal, given the following:

e 1l.05x 108p3 of airborne respirable dust (ARD) is produced at 1 -inch
depth of cut per linear foot cut; this value increases 17 percent per
inch depth of cut increase, based on previously mentioned Bureau
laboratory tests.

e The LLCRH concept removes 7, 2 tons of coal per cutting cycle at a

depth of cut of 6 inches (refer to Section 5.2, 2 for details).
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e The total distance each bit travels per cycle is 36 feet, For eight

cutting bits, this distance is 288 feet,

e For a 6-inch cut, dust generation per linear foot is 2.3 x 10893.

Total dust generated due to cutting:

(2.3 x 108E— (288 feet) = 6. 62 x 108 3

6. 62 x 101043
7.2 tons

3
or =90,2 x 109——&%’1— or 11,7 milligrams per ton.

4,4,4 Dust Due to Cutting Only

It is evident that if secondary dust generation due to loading could be elimi-

nated in the SSH and LCRH concepts, nearly all ARD generation would be
eliminated. Considering the cutting process only:

e CMM Cutting

355 milligrams per ton

Regrind = 443 milligrams per ton
Total = 798 milligrams per ton.

e SSH Cutting = 14 milligrams per ton
Brushing = 2 milligrams per ton
Total = 16 milligrams per ton.

e LCRH Cutting = 11.7 milligrams per ton
Crushing = 44,3 milligrams per ton
Total = 56.0 milligrams per ton.

798 - 16
e SSH percent change ="798 X 100 = 98 percent reduction in ARD

generation due to cutting,
e LCRH percent change = 798 - 56 x 100 = 93 percent reduction in ARD

. ) 798
generation due to cutting.

4,4,5 Peak ARD
A factor worthy of discussion is peak ARD generation. Multiplying the peak
cutting rate of a machine by dust generation per ton will give peak ARD

generation per minute, Table 7 tabulates these values,
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Table 7

PEAK AIRBORNE RESPIRABLE DUST GENERATION

PER MINUTE
Concept Dust generation, | Peak cutting Peak dust Percent
milligrams rate, tons generation, reduction
per ton per minute milligrams
per minute
CMM 886 7.53 6,679 -
SSH 60 4. 46 267 | 96
Second generation 100 18.00 1,800 73

4.4.6 Concentration

A final comparison might be beneficial in relating dust generation by a given
machine and how it relates to a mine environment, Consider a sealed room

6 feet high, 20 feet wide, and 30 feet

Table 8 DUST CONCENTRATION
long, a room large enough to house a
. . . . Miner Dust generation, Coal mined,
coninuous miner. Evenly distribute mg/meter tons
peak ARD generation for 1 minute in CMM 65. 00 7.5
the room, and the comparison of SSH 2.61 4.5
Table 8 results. LCRH 17.60 18.0

4,5 COMPARISON OF LINEAR CUTTING ROTARY HEAD
WITH DEEP-CUTTING CONTINUOUS MINING MACHINE
The USBM is testing a deep-cutting continuous miner (Contract H0122039),

This machine, capable of cutting at three speeds, is powered by 450 horse-~
power at the head. A sumping rig (similar to that of the LCRH) is incorpo-
rated in aiding the sump, and the shear is facilitated by use of shear jacks

that react against the roof.

With the exception of the head and related gear train, the deep~-cutting CMM
and the LCRH are basically in the same total weight, size, and horsepower
range. Table 9 presents a physical and performance comparison of the
two machines. The L.CRH head speed was set at 25 rpm so that it could
be compared at the same horsepower as the deep-cutting CMM. In looking
at peak cutting rate, the LCRH shows 22,7 tons per minute compared to

8.4 tons per minute for the deep-cutting CMM.
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It should be noted here that the deep-cutting CMM was limited by the amount
of coal it could haul away from the face, and that a more efficient haulage

system could very well increase its capabilities of moving coal.

The test program of the deep-cutting CMM has concluded that for 3-inch
depth of cut, a 4-inch bit spacing was most efficient for coal breakout and
power reruirements. In contrast, the LCRH bit spacing is 6 to 9 inches
(the optimum bit spacing is two to three times depth of cut), thus reducing

bit maintenance and power requirements.

The LLCRH will cut at a deep constant depth with a coal breakout angle be-

tween bits that enables the concept to take advantage of optimum spacing.

ARD was calculated for both the deep-cutting CMM and the LLCRH using
laboratory data from linear cutting tests conducted at the Bureau's Twin
Cities Mining Research Center. Actual data from in-mine test is avail-

able for the deep-cutting CMM, and is shown in Table 9.

Table 9 IN-MINE DUST GENERATION TEST DATA,
DEEP-CUTTING CMM

Factor ' LCRH Deep-Cutting
CMM

Depth of cut {inches) 3 3

Weight (pounds) 130, 000 130, 000

Length (feet) 35 35

Head width (feet) 10.33 10. 33

Head speed (rpm) 25 v 9, 18, and 51

Torque (foot-pounds) 55, 000 116, 000335

Power (hp) 450 450

Peak cutting rate (toﬁs per minute) 22.7 8.4

ARD generation (calculated) (mg/ton) 113% 273%

ARD genecration (actual) (mg/ton) - 3, 300%x

Number of bits i 14 30

Bit spacing {inches) ' 9 4

*Average value 2- to 3-1/2-inch depth of cut, all speeds.
w:Calculated from TCMRC linear cutting tests.
#¥HO-122039 draft final report, maximum torque.
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It is obvious from the table that a wide discrepancy exists between the cal-
ulated data and the avctual measured data, Until some correlation is made
between laboratory data and in-mine data, only general comparisons can

be made., In the laboratory data, the LCRH shows a 58-percent reduction
in ARD over the deep-cuting CMM, and if this ratio remains true for in-
mine tests, the deep-cutting CMM would generate 3, 300 milligrams per ton
and the LCRH 1, 914 milligrams per ton ARD. The difference in ARD gen-
eration between the two machines is caused by regrind and additional bits

inherent with the deep-cutting CMM.,

4.6 ANALYSIS OF POWER REQUIREMENTS AND ARD GENERATION
FOR I.LCRH AND CMM AT 3-INCH DEPTH OF CUT

Much of the CDLH concept engineering in the early stages of the contract in-

volved bits that cut 6 inches deep. In the concluding phases of the program,
there appeared to be some advantages in designing an LLCRH machine that
would cut only 3 inches deep. The cutter head forces would be reduced and
the resulting LCRH miner would be improved in the following ways:

e The cutter head power train would be lighter because of reduced

torque demands.

e The electric cutter head motors would be standard off-the -shelf units
used on existing continuous miners,
The sump jack unit at the back of the miner could be eliminated.
The machine would be easier to maneuver,

High levels of production would continue to be excellent.

ARD reduction would continue to be excellent,

The following is an analysis of the power requirements and ARD generation
levels for an LLCRH miner and deep-cutting CMM with a 3-inch depth of cut.
The 3-inch depth was choosen because actual force data is available to make
a preliminary evaluation of the power necessary to cut to such a depth. As
previously discussed, the force necessary to cut to 6 inches has been ex-
trapolated from force data taken from shallower cuts. This analysis is based
on a mean cutting force of 2, 700 pounds derived from Twin Cities tests that

used a point-attack bit cutting 3-inches deep in Wyoming seam coal.
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Table 10 is a summary of the analysis showing comparisons for various

cutting head speeds for LCRH and two versions of a CMM.

Table 10 POWER REQUIREMENTS AND ARD GENERATION,
LCRH, CMM(TH), AND CMM(A)

Miner '] Head speed, | Power, Peak Peak ARD Sump rate, | Specific energy,
rpm hp/hour cutting, mg/minute | inches/ tons/hp
tons/minute second
LLCRH 10 177 9.0 1,017 ) 1.50 0.050
CMMI(A) 10 99 3.3 1,419 0. 50 0.033
CMM(TH) 10 46 3.3 710 0. 50 0.070
LLCRH 20 355 18.0 2,034 2.25 0. 050
CMM(A) 20 198 6.6 2, 838 1. 00 0.033
CMM(TH) 20 92 6.6 1, 419 1. 00 0.070
LCRH VZS 450 22.7 2, 565 3.79 0,050
CMMI(A) 25 247 8.3 3,569 . 1.25 0.033
CMMI(TH) 25 115 8.3 1,784 1.25 0.070
LCRH 30 533 27.0 3, 051 4.50 0. 050
CMMI(A) 30 297 9.9 4,257 1.50 0,033
CMM(TH) 30 138 9.9 2,128 1. 50 0,070
LCRH 40 710 36,0 4, 068 6.00 0. 050
CMMI(A) 40 396 13.3 5,719 2.00 0.033
CMM(TH) 40 184 13.3 2, 860 2.00 0.070
LLCRH 50 © 888 45.0 5, 085 7,50 0. 050
CMMI(A) 50 495 16.6 7,138 2,50 0.033
CMM(TH) 50 277 16,6 4,278 2.50 0.070
LCRH 60 1, 066 54.0 6,102 9. 00 0.050
CMNMN(A) 60 594 19. 9 8, 557 3,00 0.033
CMM(TH) 60 277 19.9 4,278 3.00 0.070
LCRH 7-1/3 132 6.6 746 0. 80 ARD generation,
CMM(A) 20 198 6.6 2, 838 1. 00 fg;;’“‘ 11
CMM(TH) 20 92 6.6 1,419 1. 00 CMM(A) = 430
CMM(TH) = 215

Depth of cut 3 inches. Wyoming seam coal.

The two versions of the CMM are labeled CMM(TH) for CMM theorectical
case and CMM(A) for CMM actual case. The CMM(TH) is based on an
optimum bit spacing of 9 inches for 3-inch depth of cut). Although recent
underground testing indicates that optimum bit spacing is not obtainable

because of the nature of the rotary cut, it is included for comparison.
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It is a very effective tool in comparing specific energy (tons of coal cut per
horsepower input) and graphically shows the benefit on specific energy of
cutting with optimum bit spacing. The CMM(A) case is based on the actual
bit configuration chosen to be most efficient in the underground testing pro-
gram of the deep-cutting CMM, Twenty-eight bits are used (not conidering

side -cutting bits), single laced around the drum and spaced at at 4 inches,

It should be noted that in other sections of this report ARD was calculated by
considering a sump and shear cut, whereas only the sump cut is considered
here. By considering the sump cut only, difference between cutting patterns
does not influence the analysis, and the peak cutting capacity of the machine
can be calculated. In addition, the sump cut is the dustiest cut and this is
reflected in the ARD figures. The horsepower figures shown in the table
include a 60-percent efficiency from prime mover to cutting head. The peak

cutting rate and the peak ARD rate are calculated from the sump cut only.

The horsepower figures were calculated by using a 2, 700-pound force on each
bit sumped at maximum depth of 3 inches. The LCRH uses 14 bits, so total
force required is (14)(2,700) = 37, 800 pounds., The CMM(TH) uses 14 bits,
single laced; therefore, only seven bits are in contact with the face at any
time., The total cutting force is calculated by assuming one bit is at maximum
depth, 3 inches, one bit is at zero depth, and the remaining five bits are
equally stepped at intermediate depths from 0 to 3 inches. The forces are then
factored relative to each bit depth, and the sum of the forces is calculated.
The total force that the CMM(TH) head must deliver is 9,450 pounds. The
same procedure is used in calculating horsepower for the CMM(A), except
that 28 bits must be considered, or 14 interacting with the face at any time,
Total head force to cut coal for the CMM(A) is ZQ, 244 pounds.

In Table 11 it can be seen that for a given rpm the LLCRH requires approx-
imately 44 percent more horsepower than does the CMM(A) but produces
nearly three times as much coal and generates 28 percent less ARD. The
CMM(TH) produces the same amount of coal as the CMM(A) and reduces
dust by 50 percent, The CMM(TH) uses 74 percent less power than the
LL.CRH and 53 percent less than the CMM(A). This is directly reflected

in the specific energy values,
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Table 11  COMPARISON OF HORSEPOWER REQUIREMENTS
AT 20 RPM
Power Percent Peak cutting Peak ARD Percent Specific energy
(hp) difference {tons/min, ) {mg/min,) difference (tons/hp)
LCRH 355 -- 18.0 2,034 - 0. 050
CMM(A) 198 -44 6.6 2,838 +28 0.033
CMM(TH) 92 -74 6.6 1,419 -30 0.070

The optimum cutting parameters for the LCRH, for 3-inch depth of cut,

20 to 25 rpm involving 355 to 450 horsepower. At 25 rpm (Table 12), the

are

IL,CRH would pro-

Table 12 COMPARISON OF DUST GENERATION duce 22. 7 tons of
AT 20-PLUS TONS PER MINUTE .
coal per minute
Head speed Power | Percent Peak ARD Percent and generate 2,565
(rpm) (hp) difference {mg/min,) difference milligrams per
LCRH 25 450 -- 2,565 minute of ARD.
CMM(A) 60 594 +32 8,557 +233
CMM(TH)| 695 217 -38 4,278 +66 If the CMM(A) or

CMM(TH) matched
this output, they
would have to operate at 60-plus rpm. This high rpm increases ARD dis-
persion by fanning, and substantially increases the hazard of methane igni-
tion due to the faster ‘bit speed. At this rate, the CMM(A) would require
32 percent more power and generate 233 percent more ARD. Even using
the theorectical model, the CMM(TH) shows a 66-percent increase in ARD

generation and only a 38-percent reduction in power over the LLCRH.

If a particular mine has a serious dust problem, an LLCRH will reduce dust
and maintain a high production rate,
10 rpm (Table 13)

For example, by operating an LCRH at

Table 13 COMPARISON OF DUST GENERATION
it could still pro- AT 9 TONS PER MINUTE
duce coal at a
rate of 9 tons per Head speed Power | Percent Peak ARD Percent

{rpm) (hp) difference (mg/min, ), | difference

minute, For a LGRH 10 177 -- 1,017 -
CMM(A) to pro- CMM(A) 30 297 +67 4,257 +318
duce an equivalent  CMM(TH) 30 138 | -22 2,128 109

amount of coal,
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it would have to operate at 30 rpm, require 67 percent more power, and
produce 318 percent more ARD, Conversely, if dust were not a problem, an
L.CRH could operate at 25 rpm and cut 22,7 tons per minute. As stated before,
the CMM(A) would need 32 percent more power and produce 233 percent

more ARD for an equivalent production rate,

Another comparison worthy of discussion involves automated continuous
miner /bolters capable of taking very long lifts or operating in a truly con-
tinuous manner, If such a miner could cut at a rate comparable to existing
machines (6 or 7 tons per minute) continuously over long lifts, productivity
would be substantially increased, Therefore, using an existing CMM as an
automated miner /bolter would increase productivity without the need for in-

creasing the cutting capabilities of the machine.

Table 14 is a comparison of the LCRH, the CMM(A), and the CMM(YH) and
an added machine, an existing CMM, CMM(E), cutting at 6 to 7 tons per
minute, The existing CMM will be considered as cutting 1 inch deep with
300 horsepower available at the head, A value of 886 milligrams per ton
ARD generation will be used as calculated from the ARD study in Section 4. 4.
The peak cutting rate is calculated from a sump rate of 1 inch per second at

60 rpm. Peak cutting rate is, therefore, 6.2 tons per minute,

Table 14 COMPARISON OF DUST GENERATION
AT 6 TO 7 TONS PER MINUTE

Depth of cut | Head speed | Power | Percent Peak ARD| Percent Peak cutting

(inches) (rpm) (hp) difference| (mg/min, )| difference (tons/min, )
LCRH 3 7-1/3 132 -56 746 -- 6.6
CMM(A) 3 20 198 -34 2,838 +280 6.6
CMM(TH) 3 20 92 -69 1,419 +90 6.6
CMM(E) 1 60 300 -- | 5,493 | +636 6.2

Table 14 shows that the LCRH can cut 6. 6 tons per minute with only 132
horsepower, 56 percent less than that of an existing machine and 33 percent
less than the CMM(A). In addition, the LCRH drum rotates at 7-1/3 rpm
and generates only 746 milligrams per minute of ARD, The CMM(A)
produces 280 percent more ARD, the CMM(TH) produces 90 percent
more ARD, and the CMM(E) produces 636 percent more ARD than the LCRH,
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4.7 NOISE
In a noise survey, the USBM found that the critical noise levels for a
continuous miner occurred during the cut and load cycle with a mean level

of 97 dBA, The range of noise was 89 to 107 dBA for cutting and loading.

The major noise generator of a CMM is the gathering and conveying system,
If the noise level of these components could be reduced by use of a new con-
cept, it is conceivable that with the reduced number of bits (LCRH and SSH)
and the reduction of gearing (SSH), overall noise reduction could be achieved,
At this stage of development, however, no positive statement or prediction

can be made concerning noise levels,

4,8 VENTILATION
The law requires that 3,000 cubic feet per minute of air be supplied to the

face, and that this air be controlled either by tubing or brattice cloth main-
tained within 10 feet of the face. This requirement applies to both a CMM
mining system and a CDLCH mining system. The use of secondary venti-
lation such as suction fans and scrubbers employed by some CMMs will not

be necessary with the CDLCH concepts,
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V. ECONOMIC FEASIBILITY STUDY

The economic feasibility study conducted during the CDLCH project also
resulted in an investigation of the production potential of each recommended
concept and a Gantt chart study of the on-shift capabilities of the linear
cutting rotary head. This material is presented in the following order:

e DBase production potential study

e Gantt productivity study

e Concept capital investment cost.

5.1 BASE PRODUCTION POTENTIAL STUDY

Production studies from in-house reports were examined, and a base

production comparison was made.

The following material is extracted from '"The development of a miner/

bolter system, modification #3,'"" FMC, April 1975.
Standard data: tramming rate = 35 fpm forward.

Note: Because the CDLCH concepts perform essentially the same functions
as a CMM miner, only production comparisons are made. That is, the
actual physical ability of the machine to remove and load coal is compared
with that of existing machines. It is not anticipated that the self-sumping
head (SSH) concept will require mine plans and ancillary equipment mod-
ifications. The mining rate (tons per minute) of the linear cutting rotary
head (LCRH) concept, when cutting at 6~inch depth, has been increased to
the point that a new high-capacity coal gathering system and conveyor must
be designed to match the cutting rate. Also the size and bulk of the miner
will make maneuvering difficult unless the crosscuts are turned at some
angle less than 90 degrees. However, at 3-inch depth of cut, this bulk
can be reduced and the sumping rig eliminated, giving the LCRH the same

maneuverability as an existing CMM.
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The load cycle (Joy 12CM continuous miner) is summarized in Table 15.

Table 15 SUMMARY - LOAD CYCLE (JOY 12CM CONTINUOUS MINER)

Function Description Time (seconds) Time (minutes)
Load Step 1 | Sump at 1.5 inches per second 15,5
23,2 inches
Step 2 | Shear down 34 inches at 1,5 inches 22,7
per second (38 inches cutter O, D,)
Step 3 | Brush floor (remove cusps) at 2 inches 11.6
per second 23, 2 inches
Total 49, 8 0.8
Cleanup 0.3
Return
Total Cycle assuming 10-foot head, 6 -foot seam, 2-foot sump 84.0 1.4

Total coal per cycle = (10)(6)(2)(80) = 4, 8 tons, or 3,42 tons per minute

Operator reaction time has not been Table 16 TIME STUDY REPORT
considered. DATA
Number of Shifts Mining Time {minutes)
Table 16 includes time study report 2 1450
data gathered by FMC and other 4 140, 0
mining-oriented companies from 4 143.2
actual in-mine studies. 3 135.0
6 142, 0
5 129.0
Mine studies have shown that of the 4 142. 0
total time available to mine coal, 11 127.3
only a small percentage is effec- 6 117.9
tively used. Not all delays are 8 135.0
Total 1,354,4

caused by the continuous miner; - —
Average 136 minutes actual mining time

and with this in mind, it is per shift

reasonable to expect similar
available mining time with the CDLCH. However, some maintenance time
can be eliminated on the CDLCH with respect to changing bits, as discussed

in a subsequent subsection.
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5.2 CONCEPT PRODUCTION POTENTIAL

The production analysis for each concept is standardized so that all concepts

can be evaluated on equal terms. This standardization is as closely matched
as possible to that used on the base production miner (Joy 12CM) discussed
earlier in this section. The following criteria apply to all concepts:

e Seam: 6 feet

e Sump: 1 inch to 3 inches per second

e Shear: 3 inches to 12 inches per second

e Head width: 10 feet to 11 feet.
In addition, function times are determined by component speeds, and

operators' reaction times are not considered.

5.2.1 SSH Concept Cutting Cycle and Production Potential

@ Tram: 35 feet per minute
e Maximum rotation of head: 216 degrees
e Head cylinder speed: 11.6 inches per second.

Activity times are shown in Table 17,

Table 17 ACTIVITY TIMES

Activity Time {seconds)
Start (sel at face ready to proceed)
Sequential sumping of head +73 degrees Segment 1, 2 bits 1. 09
Segment 2, 2 bits 1.09
Segment 3, 2 bits 1. 09
Segment 4, 2 bits 1.09
Shear down 30 inches at 12 inches per second 2.50
Sequential rotation of head +143 degrees Segment 1 2.15
Segment 2 2.15
Segment 3 2. 15
Segment 4 2,15
Raise boom and rotate head -216 degrees 4.00
Tram forward 6 inches 0. 85
Total 20,31

Total coal cut per cycle: 2,310 pounds or 1.15 tons

(60 seconds) 1. 15 tons
20, 31 seconds (1 minute)

Mining rate: 3. 41 tons per minute

For-136-minute shift: 464 tons per shift; for 148-minute shift: 505 tons per shift
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5.2.2 LCRH Concept Cutting Cycle and Production Potential
Figure 47 illustrates the LCRH concept cutting cycle and production potential.

Let: R =18 inches
W head length =10 feet
N (humber of bits) 8 each row
or 3(8) =24 total

RPM=10
Seam height = 4R =6 feet
d (depth of cut) =6 inches

Velocity of Point A

18){10)(628] -
V,=RW= Lﬁ———
A 60 REN RAd Min
[iv] MIN. Sec.
= 18.84 inches/second
= 18 inches/second d _1 2R
Time to remove (10 feet X 6 feet +3 feet) =(2)(12)= 24 seconds

Total coal removed =180 cubic feet =14,400 pounds = 7.2 tons
Production :]

21260 = 18 tons per minute I IR [
|
Cycle Time (seconds)
© Start at face,chocks set ready to sump 0
® Sump in 3 feet 12
® Shear down 12
® Lift boom tram back 3 feet 7
® Lower and lift chocks 5
@ Tram forward 3 feet 7
e Set chocks 5
48
Total tons cut=7.2
Total time = 48 seconds
Production potential For 136-minute shift: 1,224 tons/shift '
7.2 _ 9 tons '

48760 minute

Bit change ratio
Number of bits =30 20 (13.1)=2,62 3 minutes

Subtracting 3 minutes from 13,1 gives a saving of 10 minutes/shift
Second-generation-concept shift =146 minutes

Therefore: 1,314 tons/shift production potential

Figure 47 LCRH CONCEPT PRODUCTION POTENTIAL
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5.2.3 Production Potential Summary

Table 18 summarizes pro-

duction potential. The CMM Table 18 PRODUCTION POTENTIAL

and the SSH concepts are so Miner Average | Peak Available | Tons
close in mining rate (tons cutting, cutting, time, per shift
tons/ tons/ minutes/

per minute) that they can be minute | minute shift
considered equal in production cMM 3. 42 7.5 136 480

. R SSH 3.41 4.5 148 505
potential, The SSH miner

LCRH 9.00 18.0 146 1,314

provides a small advantage
over the CMM because of the 12 minutes extra time available for each shift.
The reason the SSH and the LCRH concepts have more time available per
shift is that, due to the reduced number of bits (10 for the SSH and 30 for

the LCRH), maintenance and bit replacement time reduced.

FMC conducted an extensive in-mine study involving 274 shifts in an
attempt to isolate continuous mining machine delays and time duration. Three
makes of mining machines were included in this study. Of primary interest
here is the time delays related to bits and associated problems. According
to the data gathered, 13.1 minutes per shift is the average delay time due

to bits. However, in many cases bits are changed during other c'lv";elays,

and times for these changes are not reflected in the average. It appears
from the data that if no significant delays occurred during a shift, at least

20 minutes per shift would be devoted to bit maintenance.

It has also been found that a complete bit change occurs once a week; that is,
within a 1-week time, it can be expected that all the bits on a rotary head will
have been changed. If the rotary head contains 150 bits, and the bits cost $2

each, $300 dollars a week is used to purchase bits.

The CDLCH concepts provide a drastic reduction in number of bits; however,
the bits are generally of a specialized nature and are subjected to higher
stresses than conventional bits. At this stage, no concrete claims involving
reduced maintenance time for the CDLCH concept can be made. For com-
parison, it might be said that maintenance time could be reduced by the bit

ratio of the two machines. The maintenance time for the SSH bits is equal
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to 10/50 times 13.1 minutes which is 0. 87 minute per shift. Because the
LCRH concept uses 30 bits, or a 30/150 ratio, the bit maintenance time per

shift is 3 minutes.

Delay time due to actual dust control could not be determined from FMC data
or other available data: In other words, it does not appear to be common
practice to delay the mining operation due to high dust levels. Because dust
monitors worn by miners are not instantaneously analyzed, there is no system

to indicate that dust levels are above standards until after the fact,

In reviewing the data on time delays, very minimal time is spent on dust
control devices such as water spray and exhaust systems. It appears that if
malfunctions occur with these devices, they are dealt with during a convenient

break or shutdown.

It does not seem likely that a significant difference in delay time due to dust

control can be inferred for the CDLCH in comparison with an existing miner.

5.3 GANTT PRODUCTIVITY STUDY ,
A comparison study of the productivity potential of a standard CMM and the

LCRH concept was performed. A mine plan was set up (Figure 48) to dupli-
cate as nearly as possible a real mine situation. To enhance the reliability
of the comparison, the mining cycle was made as identical as possible for the

two machines.

The CMM mining cycle utilizes two Joy 16SC 5-ton-capacity shuttle cars.
The CCM cutting cycle is as follows:

e 1, Sump
Shear

Remove cusp

-

-

Shuttle car leaves

-

-

Return to face~-ready
Sump
Shear

Remove cusp

-

® ¢ @ ¢ @ @ e o
-

O 00 3 O~ 1B W

-

Shuttle car leaves
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e 10, Cleanup (back tram, raise gathering table)
e 11, Cleanup (drop gathering table, tram forward)

e 12, Return to face,

100 FEET

]

NOTES:

1. ENTRIES ON 80 FOCT CENTERS,

2. BREAKS ON 80 FOOT CENTERS.

3. ENTRIES AND CROSSCUTS ARE
20 FEET WIDE.

4,\/ FEEDER EREAKER.

5 ——t—t—RAIL

T 6.— ~ ~ — CONVEYOR
13t 15[ 152 13ti 710 7. RIGID AND FLEXISLE DUCTING

' FOR VENTILATION

ECI ) ) IE T L] 73 T
i 3 I ‘)t"—,zj 17 ’L 57 » :l; is 7 :J: 8. 10 FOOT WIDE CUTTER HEAD,
1]

T

Figure 48 MINE PLAN AND CUT SEQUENCE

The shuttle car leaves as soon as the cusp is removed, and cleanup is per-
formed every second cutting cycle. This arrangement keeps the floor as
clean as possible and minimizes the loose material the crawler tracks must

travel over. Mining will be two=-pass, and a 20-foot lift will be taken.
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On the basis of the mine plan, a partial Gantt chart (Figure 49) was prepared
and analyzed. This chart covered the activities of the CMM in taking one
20-foot lift (Cuts 5 and 6, Figure 49). In addition, the time to change places
was estimated. From this information, the number of place changes per shift
could be estimated and thus the productivity potential. The results show that
for a potential mining time of 395 minutes in a shift, the CMM will produce

646 raw tons of coal at a rate of 1, 63 tons per minute.

The LCRH mine plan is the same as the CMM mine plan. The shuttle cars
must load out 7.2 tons per trip; therefore, a larger-capacity vehicle is
required. The shuttle cars used are two FMC Model 10L.-18, 10-ton-capacity
vehicles. The CDLCH cutting cycle is as follows:

® 1, Sump
Shear
,» Shuttle car leaves
Shear

Shuttle car leaves

-

-

-

Reposition and set up for next cut

.

Sump
Shear

Shuttle car leaves

-

-

Cleanup (back tram, raise gathering table)

-

Cleanup (drop gathering table, tram forward)

® ©¢ ¢ ¢ ©¢ © @ e e o o
= 0 00 N O~ U W N WD

o -

, Reposition and set up for next cut,

The shuttle car leaves at the end of the shear cycle and again cleanup is per-

formed every second cutting cycle.

A partial Gantt chart is shown in Figure 50, This represents a mining cycle
for a two=-pass mining operation and a 21=-foot lift. A 21-foot lift was used
rather than the 20-foot lift for the CMM as a matter of convenience. The
LCRH sumps 3 feet, while the CMM sumps 2 feet. The .results show that for
395 minutes available to mine, the LCRH will produce 849 tons of raw coal
per shift for a mining rate of 2. 15 tons per minute. This is a 31 percent

increase in productivity over a CMM.
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Table 19 is a summary of the results of the Gantt chart study.

Table 19 PRODUCTIVITY STUDY RESULTS

Miner Total lift | Face time| Place Total lifts | Coal cut Produc- Percent
time (minutes) [ change (lifts per (tons) tion rate increase
{minutes) {minutes) | shift) (tons per
minute)
CMM 38.1 180 23.1 6.73 646 1,63
LCRH - 25.0 113 23.1 8.43 849 2,15 31

Gantt chart standard data:

A Load rate: 10-foot-wide sump, 24 inches deep= 0.8 minute

CMM Tramming rate: 35 feet per minute

Cleanup: at 35 feet per minute forward and reverse

B Travel rate (empty and loaded on level bottom): 4.5 miles per hour
T

J::/oléSC Dump time: 0,6 minute

Shuttle Capacity per car: 5,34 tons of raw coal

Cars

C 3-way dump

Feeder

D Load rate: 10-foot-wide sump, 36 inches deep = 0.4 minute;

ILCRH Reset for next cut = 0, 4 minute

concept

Tramming rate: 35 feet per minute

Cleanup: at 35 feet per minute forward and reverse

E Travel rate (empty and loaded on level bottom): 4.5 miles per hour

’11’5&5_117‘&;\1(3 Dump rate: 0,6 minute

Shuttle Capacity per car: 7,2 tons

Cars

Other time data Dimensional data

A Travel time to section: 30 minutes A Five-entry system on 80-foot

B Travel time from section: 30 minutes centers with breaks on 80-foot
. centers

C Travel from man station to face: 5 minutes B Width of entries: 20 feet

D Prepare-to-work time: 10 minutes C  Mining height of coal: 6 feet

E  Time preparing to leave section: 5 minutes D  Sump widths: 10 feet

¥ Travel from face to man station: 5 minutes E  Depth of lifts: 20 and 21 feet.

G  Total time available to mine: 395 minutes

Close examination of the LCRH Gantt chart reveals that the mine plan, and
not the haulage system, is the limiting factor in productivity. The LCRH
spends less time at the face (113 minutes compared with 180 minutes) but con-
sequently more time changing places (194 minutes compared with 155 minutes)

’éhan the CMM. The LCRH can cut a given amount of coal much more quickly
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than a CMM, but this necessitates more frequent place changes, thus more
valuable time is wasted in nonproductive activities. To best utilize the
capabilities of this concept, a more compatible mine plan must be devised

or a method of taking longer lifts., An automated miner/bolter arrangement
allowing a 40-foot or longer lift would greatly enhance the productivity poten-
tial of the LCRH concept.

5.4 CDLCH CONCEPT CAPITAL INVESTMENT COST

A recent survey of continuous mining machine manufacturers was made to

determine a dollars-per-equipment-pound figure based on present industry

figures for underground mining machinery.,

The present cost per pound for continuous miners (sample of 11 machines)
is $3.06 (Table 20). A dollars-per-pound estimate has been a relatively
good indicator for predicting equipment production cost. The average of
the prices quoted from the 1975 catalog list price for the 11 continuous

mining machines was $260, 000,

Table 20 COST STUDY RESULTS

Continuous Shuttle Cars Roof Bolters Diesel
Miner i
Single Double Locomotives
Number | Cost | Number|Cost |Number| Cost |Number|Cost |Number| Cost
in per in per in per in per in per
sample |pound | sample |pound |sample | pound |sample |pound | sample | pound
($) ($) ($) ($) ($)
Liow Model 3 3.82 4 2,47 2 | 2. 45 N/A N/A N/A N/A
High Model 8 2,78 5 2,07 2 2,04 3 2,32 2 2.09
Total/Average | 11 3,06 9 2,25 4 2,24 3 2.32 2 2.09

Data from vendor quotations based on October 1975 catalog list price and gross vehicle weight

In determining the overhaul cost of underground mining equipment, a general
estimating technique has shown reasonable accuracy. If the new cost of an
item of equipment is X dollars, the X dollars will be spent every 3 years to
maintain the machine. The X dollars is a constant value over a 10~year
period, the expected useful life of the equipment. This constant dollar value
reflects that as the machine ages, less money is expended to refurbish it.

For example, if a continuous mining machine cost $260, 000 new, after 9 years
the total expenditure on the machine would equal $260, 000 + 3 ($260, 000)

= $1, 040, 000.

118



5.5 PRODUCTION AND RETROFIT PRODUCTION KIT COST

5.5.1 S8SH Production and Retrofit Cost

Weight of a Joy 12CM miner minus the cutting head, cutting head motors and

reducers, and trailing cable is approximately 68, 000 pounds.

The weight of the head on the SSH concept has been estimated as 20, 000
pounds. Total weight is 88, 000 pounds.

Based on the $3.06 value per pound of machine weight, a production cost of
the self-sumping head concept is (88, 000) (3.06) = $269, 280.

As a retrofit kit on a production basié, the cost would be $61, 000, based on
the $3.06-per-pound value.

The price of a major overhaul for a continuous miner is 50 to 60 percent of
its new cost. In our previous study, the average price of a continuous

miner was $260, 000; 50 percent of that is $130, 000. We also calculated

that a retrofit kit would cost $61, 000. The two costs (overhaul and retrofit)
total $191, 000. A production-type retrofit kit installed at a major overhaul
period would cost $191, 000. It should be noted that no consideration has been
made as to the components of a CMM that would not be used in the retrofit,
rotary head, and related components. A scrap or resale of such components

could reduce the overhaul-retrofit cost substantially.

5.5.2 LCRH Production Cost ‘
The total weight of the LCRH concept is estimated as 130, 000 pounds. This

can be projected to be a production cost of $398, 000 based on $3.06 per pound

of machine weight.

This concept should be built from the ground up, without benefit of a retrofit

kit.
Table 21 is a summary of production and retrofit cost of the LCRH and

the SSH, plus a comparison with existing USBM CMMs and the deep-cutting

continuous miner, Contract HO122039,
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Table 21

PRODUCTION AND RETROFIT COSTS

Miner Total New Head Overhaul Overhaul
Weight Cost Weight Cost Retrofit Cost
(pounds) ($) (pounds) $) ($)
CCM 85, 000 260, 000 24, 000 130, 000
SSH 88, 000 269, 000 20, 000 134, 000 191, 000
HO0122039 | 129,000
LCRH 130, 000 398, 000 30, 000 199, 000

*Based on Table

for average of 11 CMM's,

5.6 ANCILLARY COST

The significant reduction of dust by the CDLCH concepts eliminates the need

for secondary ventilation, dust collectors, and/or scrubbers.

Water sprays

will not be necessary on the head, but some sprays will be needed for the

gathering table and conveyor.

Although initial cost savings are minimal when compared with machine cost,

a significant saving could be realized because of reduced parts inventory,

maintenance, and manpower requirements, items directly proportional to

ancillary equipment reduction.

5.7 IMPROVED COAL QUALITY

The CDLCH concepts will produce fewer fines and larger-chunk coal than

now produced by existing CMMs, and thus will reduce the cost of mining

coal.

In a report prepared by the Electric Power Research Institute, titled

"Underground Coal Mining, An Assessment of Technology, ' the ramifications

of coal quality were discussed:

"In comparing the run-of-mine coal product

for continuous versus conventional face systems, the continuous system yields

more noncombustible material and finer particle sizes. The response of the

cleaning operation to these effects means: (1) the yield of specification coal

is reduced (often this reduction is greater than 25 percent), and (2) the pro-

portion of the mined product that can be processed by coarse coal procedures

(least expensive and most efficient) is reduced. At the same time those

portions of mined coal reporting to the extreme fines (minus 28 mesh) for

processing is increased (most expensive and least efficient processing)."
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Appendix A
OTHER CONCEPTS CONSIDERED

1.0 V-FACE CONCEPT

1.1 DESCRIPTION

Figure A-l is an artist's concept drawing and Figure A-2 is a general arrange-
ment drawing of the V-face concept. The retrofit is shown on a Joy 12CM
continuous mining machine, The head of the machine consists of two sets

of four-stage telescoping hydraulic cylinders, encased in square steel tubing.
Each set contains seven cylinders fitted with wedge-shaped shearing bits.,

The cylinder sets are mounted on the end of the boom at a common pivot

point, and are maneuvered by position cyliders as shown. The entire

cylinder head assembly can be extended beyond the gathering table (coal-

cutting mode) and it can be retracted above the gathering table for cleanup.

The concept is unique not only because of the method of coal extraction, but
also because the actual face of the coal is radically altered, On encountering
a flat face, the machine must chip the face away until the working V shape is
obtained. Once this shape is established, the face can be worked by taking
6-inch slices alternately from the lower and the upper portions of the V.
Once the V is established, it can be maintained throughout a heading, but
must be re-established for a crosscut. The action of the head closely re-
sembles a longwall plough in that its method of extraction is shearing slices

from the face,

1.2 MINING SEQUENCE
Following is a description of the sequential operation of the concept (see

Figure A-2) after the V face is established:

@ The lower cylinder set is lowered to the floor and rests at an angle
of 60 degrees,

® The main boom extends, sliding the cylinder set along the floor until
the blades touch the lower portion of the V approximately 6 inches

from the apex of the V,
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Figure A-1 ARTIST'S DRAWING, V-FACE CONCEPT
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@ The lower cylinders are activated, extending the bits into the coal,
shearing the 6-inch slice. The reaction is taken through the cylinders
to the floor.

@ The shear stroke is determined by the seam height,

e After the top slice is made, the lower cylinders are retracted.

e The lower cylinders are then swung out of the way and tucked close
to the boom,

e The upper cylinder set is swung into a 60-degree orientation against
the roof and slid into position by the boom., In this position, the bits
will be 6 inches above the apex of the V,

e The cylinders are then extended, shearing off the lower 6-inch slice.

@ The top cylinders are then retracted.

Both sets of cylinders are then rotated and tucked in close to the main
boom. The boom then retracts the cutter assembly above the gathering
table,

e The miner then trams forward approximately 3-1/2 feet, brushing the
roof as it goes and gathering up the broken coal. The roof brushup is
accomplished by manuevering the top cylinder set as shown in Figure A-2,

e If floor brushing is necessary, the machine must back up, extend the
main boom, and position the lower set of cylinders so that floor brushing
can be accomplished.

@ The miner then trams back 3 feet and positions for another cutting cycle,

1.3 RETROFIT COMPONENTS

The V-face concept is shown (Figure A-2) as a retrofit on a Joy 12CM contin -

uous miner. The boom is constructed of steel members and plates and is
pivoted at the same position as the oriéinal rotary-cutting-head boom. The
boom is also manuevered by the same head cylinders as the original machine.
Within the confines of the boom are two large cylinders to extend and retract
the head., The head consists of 14 telescoping cylinders and eight small
posifioning cylinders, plus the 14 specialized bits, Major components and
changes necessary to accomplish the retrofit are as follows:

e TFourteen double-action, four-stage hydraulic cylinders, PMC 12,300

6x5x4%x3, Prince Manufacturing Corporation
e Two 6-inch-diameter, 2-1/2-foot-stroke boom cylinders

e Eight 3-inch-diameter, 5-inch-stroke positioning cylinders
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e Fourteen specially manufactured wedge-shaped bits (material not
determined)

@ Two 200-hp electric AC motors
Two 171-gpm hydraulic pumps.

The remainder of the miner is unchanged and includes the following com-

ponents :
@ 70-hp electric tram
e 60-hp electric conveyer and gathering head

e 50-hp hydraulic pump for all other hydraulics,

Total horsepower is 580; this is 100 hp more than available with the CMM.

1.4 FORCES AND POWER
The total head hydraulic flow requirement is 343 gpm. The system pressure

requirement is 2,122 psi. Head horsepower is 424; total horsepower is 580.

See Figure A-3,

’
. i
JF=15,000 Lbs,

6 Feet
N=12,990 Lbs.
60
& 2

§ 3.7 Feet 41

f=7, 500 Lbs,
Forces Acting on Each Cycle

o oo o m—

1.5 CUTTING BITS
The cutting bits employed in this concept are wedge shaped and approximately

7 inches at the legs and 6 inches wide, with a cutting angle of 45 degrees.

1.6 AUXILIARY SUPPORT

Auxiliary support is not required in this concept.
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1.7 PRODUCTION POTENTIAL

The V-face concept mining cycle consists of taking two 6~-inch slices from the

V-shaped face (an upper and lower slice), then cleaning up the fallen coal,
Listed below are the sump, shear, and tram characteristics:

e Tram forward and reverse: 35 feet per minute

e Shear: 12 inches per second

e Sump: 1l inch per second,

The V-face mining cycle and production potential are tabulated in Table A-1.

Table A-1 V-FACE MINING CYCLE AND PRODUCTION POTENTIAL

Function R Time (seconds) Tons of Coal
Up cut 3.70 0,74
Retract cylinder 3,00

Reposition for down cut 3,00

Down cut 3.70 0.74
Retract 3,00

Repositiorn for cleanup (incluées retracting head) 6.00

Tram forward and ciean up (3.6 feet) 6.17

Return (3 feet) 5.14

Reposition (includes extending head) 6.00

Totals 39,71 1.48

Total coal per cut = (3,7 feet){10 feet){(0,5 foot) 80 pounds per cubic foot = 0,74 ton

Tons per minute= 2,23

Production for 136 minutes available mining time = (136)(2. 23) = 303 tons per shift

2,0 ARTICULATED HEAD CONCEPT

2.1 GENERAL DESCRIPTION

Figure A-4 is an artist's rendering and Figure A-5 is a general arrangement

drawing of Concept 2, the articulated head. This concept is also shown as
a retrofit on a Joy 12CM continuous miner., Mounted on each side of the
miner is a chock system. The chock system is connected to the miner
frame by a slide mechanism. The top plate of the chock is raised to the
roof and the bottom plate rests against the ground. Pressurizing the main
cylinders creates the necessary force (120, 000 pounds) so that the miner

can be reacted off the chocks and sumped into the face, Roof and floor
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pressure of 100 psi can be decreased by increasing the chock plate area.
The chocks are designed so that the machine can slide between the chocks
and the chocks can react both horizontal and upward vertical forces

(i.e., shear forces),

Mounted to the chocks at one end, and to the machine framing at the other
end, are sump cylinders (4). These cylinders react off the chocks and push
the entire miner forward, sumping the head into the face, The stroke of the
sump cylinders (4) is 3 feet, and for 6-inch sumps a total of six sump cycles
can be achieved before the chock system must be reset. The chock system
is carried by the miner for tramming and resetting. This is accomplished
by lowering the main cylinders (1) and raising the small cylinders (2).
This procedure lifts the bottom plate (9), pivoted at links (10), and thus the

entire chock system off the ground,

The operation of the head is accomplished by two shear cylinders (3) and
four head cylinders (5). The boom (12) is raised so that the head (6) is
positioned parallel to the roof with the bits (13) in a sump position

(Figure A-5),

The machine is pushed forward 6 inches by the sump cylinders (4), sinking
all eight bits into the coal, and at the same time brushing the roof with the
brushing teeth (15)., The shear cylinders (3) are then activated, forcing the
boom mechanism down, At the same time the head cylinders are powered,
maneuvering the head to an optimum cutting angle, The boom assembly is a
slider crank mechanism and its path is elliptical with a large radius at the
roof and a smaller radius at the floor. This arrangement allows the head
to be drawn in close to the gathering table at the culmination of the shear.
This facilitates cleanup and forces the broken coal into the gathering pan.

The head can be rotated further to aid floor brushing and cleanup.

2.2 MINING SEQUENCE

A typical mining sequence can be described as follows:

@ The miner trams to the face, raises the boom, and touches the face
with the bits.
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The chock s stem is energized raising the upper plate to the roof and
lowering the lower plate to the floor. (The machine is now ready to
advance 3 feet into the face by a series of sumps and shears.)

The sump cylinders move the machine forward 6 inches, reacting from
the chocks and sumping the bits,

The boom then shears down, rotating the head to an efficient cutting
angle,

At the end of shear-down, the head is further rotated to brush the

floor and cleanup.

The boom is raised and the miner is ready for another sump and shear-
down.

The sump/shear-down cycle is repeated five more times,

After the sixth surnp/shear—dowﬂcycle, the miner trams backward

3 feet., The chock system is lowered and lifted from the floor,

The miner then trams forward 3 feet, sets the chocks, and is ready

for another series of 6 sump/shear-down cycles.

2.3 RETROFIT COMPONENTS

The articulated head concept is retrofitted to a Joy 12CM continuous miner,

and the basic concept idea can be adapted to similar miners of other

manufacturers. In considering the Joy machine, it is anticipated that the

tram, conveyor, and gathering head power units and related controls will

remain the same. However, the following changes will be necessary to

transform the miner into a CDLCH machine:

The rotary head and boom assembly will be replaced by the CDLCH
head and boom assembly.

Shear cylinders will be installed to the boom and pivoted at a welded
plate located at the frame above the miner body (3); see Figure A-5,
The boom will also be pivoted at the welded plate (17). The plate

(7) will be welded to the machine frame.

A slide mechanism (11) will be attached to the boom and pivoted on the
frame. '

A chock system will be installed on each side of the miner by means
of a slide mechanism.

The articulated head will be attached to the main boom by pivot pins.
The head is articulated by four hydraulic cylinders and contains eight

replaceable bits.
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e Two sump cylinders are pivoted at the chock bottom plates and connected
to the front track sprockets,
e A separate power center and hydraulic system will be necessary to

operate the retrofit components,

The following is a list of major components needed to accomplish the retrofit:
Eight specially designed pyramid-shaped bits (material unspecified)
Four 6-inch-diameter, 7-inch-stroke hydraulic head cylinders

Two 8-inch-diameter, 3-foot-stroke hydraulic sump cylinders

Two 6-inch diameter, 2-foot-stroke hydraulic shear cylinders

Four 6-inch-diameter, 27-inch-stroke hydraulic chock 1lift cylinders
Four 3-inch-diameter, 18-inch-stroke hydraulic chock lift cylinders

Four chock boards, upper and lower

Main boom and head assembly.

2,4 FORCES AND POWER

Forces and power of the chock system are shown in Figures A-6 and A-7.

2.5 CUTTING BITS

The cutting bits for this concept would be specially made, cone shaped,

approximately 3 to 4 inches at the base, The material and final configura-

tion have not been determined.,

2,6 AUXILIARY SUPPORT

The articulated head concept is envisioned to operate with a sliding chock

system, All cutting forces are reacted off the chocks., The chocks require

that the head of the machine be wider, thus requiring more bits.

2,7 PRODUCTION POTENTIAL

@ Tram forward and reverse: 35 feet per minute

® Shear: 12 inches per second

® Sump: 1 inch per second
The articulated head concept incorporates a chock system to react sump and

shear forces, The chocks are set, then a series of six cuts can be made

before the chocks must be reset. To estimate a production value, activity
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Figure A-6 FORCES ON ARTICULATED HEAD CONCEPT




times for a 21-foot lift are caculated so that an average cycle time can be
determined. The manuevers are as listed in Table A-2, starting with the

chocks set,

3.0 CONCEPT 3, CHAIN RIPPER

3.1 GENERAL DESCRIPTION

Figure A-8is an artist's drawing, and Figure A-9 is a general arrange-

ment drawing of the chain ripper concept. The concept consists of eight
cutter chains, each chain containing one cutting bit, The path of each cutter
chain is dictated by three sprockets. Links 4 and 5 connect Sprocket 3

to Sprockets 1 and 2. Sprocket 2 is attached to the main boom (6) and

is free only to rotate, However, Sprockets 1 and 3 can be adjusted by
means of cylinders (7) to adapt to varying seam heights. The entire head

is driven by two drive chains connected to the lower sprocket set at the
drive sprockets (9)., Power is supplied by two electric motors (11) and

reducers (10).

84,5008 ——| {4 ¢y |<—84,500#

84,500#— {) () |<—84,500%

ROOF wprassmism ssnosin ga ssnrsers SR L5

1'69,'0 0% t :

FACE

42,250%
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T

169,000#
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169,000#

Figure A-7 FORCES AND POWER OF THE CHOCK SYSTEM
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Table A-2  ARTICULATED HEAD CYCLE TIMES AND PRODUCTION POTENTIAL

Maneuver Time (seconds)
Cutting A Sump 6 inches 6. 00
Shear 6 feet 6.00
Return 5. 00
Repeat A for a total of six cycles, Time for 3-foot advance 102. 00
Chock Tram back 3 feet 5.14
Repositioning  Lower and lift chocks 2.00
B Tram forward 3 feet 5.14
Set chocks 2,00
Total B activity time 14,20
Total time for 21-foot advance: Activity Time {seconds) Advance (feet)
A ' 102.0 3
B 14,2
A 102.0 3
B 14,2
A 102.0 : 3
B 14,2
A 102.0 3
B 14,2
A 102.0 3
B 14,2
A 102, 0 3
B 14,2
A 102.0 3
B 14.2
Totals 813.4 21
(13, 55 minutes)

813,.4 seconds

47 cycles = 19.36 seconds per cycle

Total cutting cycles = 6 x 7 = 42; cycle time =

Total tons cut in 21-foot advance: (10 feet)(6 feet)(21 feet)(80 pounds per cubic foot) = 50, 4 tons

Mining rate = 50, 4 tons per 13,55 minutes = 3,71 tons per minute.

Tons per cycle = 50,4 per 42 cycles = 1, 2 tons per cycle

For 136 minutes available mining time: 504, 5 tons per shift
For 148 minutes available mining time: 549, 0 tons per shift
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The bits sump into the face as they round the top sprocket (1), and shear
at a constant depth the entire face. The bits are dragged by the chain and
the forces are always in the same direction, eliminating the high bending
moments inherent in point-attack-type bits, Several bits pattern schemes

have been developed, to reduce forces or increase production.

Figure A-10 shows Bit Configuration 1,

| Ready to Sump

\ 4
AH

Full Shear:
120, 000 Pounds

f

Figure A-10 BIT CONFIGURATION 1

The pattern for Bit Configuration 1 is exactly as represented in Figure A-9,
In the side view each bit shown is actually a set of bits, in this case two

bits. A total of eight bits are contained on the head., Figure A-10 shows the
bits in two positions, a ready-to-sump position and a shear position, Based
on a force of 15,000 pounds to sump and shear per bit, only two bits sump
atatime, resulting in a sump reactive force of 30, 000 pounds. However, in
shear, all eight bits would be in action, giving a shear force of 120,000

pounds., This would necessitate additional reactive support.
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Figure A-1l shows Configuration 2,

Maximum Shear Force:
60, 000 Pounds

Figure A~11 BIT CONFIGURATION 2

In Configuration 2 (Figure A-11), the bit sets (again two bits per set) are
spaced such that only four bits are ever engaged in the shear or sump mode
at one time. This reduces the maximum shear force to 60,000 pounds.

A rear stabilizer would be required to handle this force.

Figure A-12 (Configuration 3) shows four sets of bits consisting of four bits
per set, or a total of 16 bits, The geometry of the head would be such that
Sets 1 and 2 would sump and shear and clear the face so that the machine

could be advanced just before Sets 3 and 4 would be ready to sump. Again,
sizable shear forces would have to be dealt with, but the net effect would be

a significant increase in production potential,
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Sump Force:
60, 000 Pounds

Shear Force:
120, 000 Pounds

Figure A-12 BIT CONFIGURATION 3

Another possibility is using two chains per cutting path, one bit per chain, so
that a staggered cutting pattern could be achieved, allowing a more even
breakout pattern., In still another consideration, some bits would be in

counter ~rotation to others, thus balancing forces,

In all configurations, cleanup would be facilitated béca.use the cutting blades

would tend to sweep the broken coal toward the gathering table.

3,2 MINING SEQUENCE

The mining sequence described in the following paragraphs is based on use

of Bit Configuration 2 (Figure A-11), This configuration requires only a
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rear stabilizer for auxiliary support. The sequence is as follows:
e The miner trams to the face and positions the head flush against the
face,
Sprdcket 1 and 3 are positioned for the seam height desired,
The blades are in position as shown by Figure A-11,

The rear stabilizer is engaged and the head motor is activated.

After the final set of blades has cleared the face, the tram automatically
engages, moving the machine forward 6 inches into the void just created,

e The sequence is repeated until the desired lift is taken.

3.3 RETROFIT COMPONENTS

The chain ripper concept is shown in Figure A-9 (retrofitted to a Lee-Norse

455 hard-head continuous mining machine. As with all concepts presented, the
general arrangement of components is adaptable to most existing rotary-

head miners.

The retrofit involves replacement of the standard rotary head and boom with
a chain-ripper-type head and boom.. The head consists of eight cutter chains,
with one or more bits attached to each chain The cutter chains are driven

by two 150-hp motors and reducers connected to the drive sprockets by

drive chains.

Following is a list of major components, materials, and modifications
required to accomplish the retrofit:

e Eight or more specially designed cutting blades .

e Twenty-six 20-inch-diameter sprockets. Number 1 sprocket set (see
Figure A-9) consists of eight sprockets connected to a steel shaft. When
the sprockets (9) of Sprocket Set 2 are engaged, they drive all sprockets
of Sets 1, 2, and 3 simultaneously. Sprocket Set 1 is connected to the
main frame of the boom by four hydraulic cylinders (7) which are
encased in square tubing. Sprocket Set 3 consists also of eight sprockets
connected by a shaft to the upper (4) and lower (5) connecting links.
Sprocket Set 2 consists also of eight cutter sprockets plus two drive
sprockets,

e Approximately 160 feet of RC 240 Link-Belt roller chain.
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e Four- to five-inch hydraulic head adjusting cylinders (7) with 6-inch
stroké.

e Two sets of upper (4) and lower (5) connecting links, When the head
is adjusted for varying seam heights by the cylinders (7), the connecting
links allow Sprocket Sets 1 and 2 to float while maintaining head rigidity.
Three 5-inch, 9-1/2-foot-long steel shafts,
The necessary steel plates and members to construct the head and boom
structure,

@ Two 150-hp electric motors,

@ Two 49-to-1 gear reduction units.

e Related controls and components.

3.4 FORCES AND POWER

Figure A-13 is a force diagram of the chain ripper head using Bit Configura-
tion 2 (Figure A-11):

e Head speed: 11,5 rpm

Drive torque: 45,000 foot-pounds each chain
Chain pull, cutter chains: 27,000 pounds each
Total head power: 300 hp

Maximum sump force: 30, 000 pounds

Maximum shear force: 60,000 pounds.

) - T he SNSTTI S LANVE AN S S A
NSNS N T L NN

~&, qa 30,000 LBS

T sump
° | | # 80,000Bs
{ " SHEAR
© 4 27,000 LBS
: f 7 EA. CHAIN
o PN \3
)

¥

~: [a)

54100()?\73/‘4‘& TORQUE =45,000

TSN a s FT-LBS
HEAD HP =300

Figure A-13 FORCE DIAGRAM, CHAIN RIPPER
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3.5 CUTTING BITS

The bits envisioned for this concept are pentagonal, pointed at the top

of the nose and swept back to a width of 3 inches at top rear. The base is.
4-1/2 inches wide, and the length is 9-1/2 inches at the base and 11 inches
at the top. The bit is connected to the chain links at front and rear by

pivot pins. The shape of the bit will allow easier penetration because of the
pointed nose, and as depth of penetration increases, the bit width corre-
spondingly widens along the long dimension as well as to the base to facilitate
breakout and add bulk to the high-stress areas of the bit. The material of

the blade has not been determined at this time,

3.6 AUXILIARY SUPPORT

Auxiliary support is dictated by bit configuration., In Bit Configuration

1, it will be necessary to react the 120, 000-pound shear force by some
auxiliary method. This problem has not been studied, but it is anticipated
that hydraulic cylinders with roof boards mounted on the boom may supply the
necessary reactive force, All that Configuration 2 requires is a stability pad
located near the rear conveyor. Such devices are standard on some mining
equipment, such as the Joy 12CM continuous mining machine, Configura-
tion 3 will require auxiliary support similar to that of Configuration 1,

plus a stabilizer pad.

3.7 PRODUCTION POTENTIAL

To shear at a rate of 12 inches per second, the linear cutting chain speed is

12 inches per second. Total distance of travel for one complete bit cycle

is 15 feet, for a total time of 15 seconds.

To tram 35 feet per minute, the parameters are as listed in Table A-3

Table A-3 CHAIN RIPPER PARAMETERS AND PRODUCTION RATE

Parameter Time {seconds)

Total cycle time (15 seconds + 0. 85 second (6-inch tram) 15, 85

Coal loaded per cycle: (0.5 foot}(6 feet)(10 feet) = 30 cubic feet =2,400 pounds = 1.2 tons

(1.2 tons)60 seconds per minute
15, 85 seconds

Cutting rate: = 4, 54 tons per minute

For a 136-minute shift: 617 tons per shift; for a 148-minute shift, 671 tons per shift
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Appendix B

PATENT APPLICATION 604,566;
METHOD OF OPERATING A CONSTANT
DEPTH LINEAR CUTTING HEAD ON A
RETROFITTED CONTINUOUS MINING
MACHINE; by W. W. Roepke,

K. C. Strebig, and B. V. Johnson
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APPENDIX B
PATENT APPLICATION SERIAL NO, 604566

- BE XT KNOWH, th&t we, VALLACE W, ROEDPKE, KELLY C.
‘STREBIG, and BRADLEY V. JOINSON have invented a new and uscful
improvement in a METHOD OF OPERATING A CONSTANT DEDPTH LINEAR
CUTTING HEAD ON A RETROFITTED CONTINUOUS MINING MACHINE of which
the following is a specification.
ABSTRACT

. ‘ § meghod of operating a machine having a

constant depth linear cutting head which is

retrofitted to a continuous mining machine re-

placing the rotary head. ‘By altering the usual

configpration of ;he cutting head from the high

speed rotating type with a large number of bits,

as is currently being used, to one employing a

non-rotary type head with 10 percent or less of

the usual number of bits, and also operating.a

combihed sumping and shearing action without '
the bits exiting the.coal face being cut, less
respirable dust is p}oduced at the mine face.
In addition to decréasing the dust and amount
of menthane gas ~ whern coal is mined -lwhich
is liberated{ our method also produces more
coal on the average-for each cut in the mine
face by deeper constant depth cuts in the 3-
to 6~ inch range by first sumping into the
mine face and then sheariné the face, without
withdrawing or rotating the point attack bits.
Sumping may begin near the mine face roof or
flooxr and shecaring may be in either a verti-
cal or horizontal direction with or without
the aid of high pressure water. One modifi-
cation calls fcr shearing with two oppocite
cutting heads woving towards the mine face

\
conter,
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BACKGROUND OF THE INVUNTION:

Flold of the Tnvention:

' he invention described herein is a method for operatin
a continuous mining machine with a linear cutting head having a
nev mechanical configuration.

DESCRIPTION OF TIE PRIOR ART:

Continuous mining machines employing cutting bits on a
rotating head have been used for some time, Our invenéion employs
a non-rotating type head with fewer bits modifying the previously
used methods by first sumping into the mine face and then shearinc
the mine face without retracting the cutting bit from the mine
face. Of the kﬂown prior art U.S. Patent No. 2,730,343 to W. W.
Sloane appears closest to our invention. However, significant
differences exist in that Sloane's inYention uses a wedging action
to impact the bits and insert the cutters into the coal thereby
breaking out large pieces and withdrawing the cutting head from
the coal face to reinsert it for the next krreaKage to cccur by
wedging action. Such a method would not only produce much less

mined material per unit time than our invention but would also

tives of this invention, -

SUMMARY OF THE INVENTION:

The continuous mining machine of this invention is moved
to a position adjacent the mine face. Then beginning at the xoof
ox floor of the mine face, thé poiﬁt’attack bits are sumped into
the face a given disédnce which is at least 3 inches. Néxt, with=-
out retracting the cutting bits from the face, the face is contin-
uously shcarxcd top to bottom or bottom to top across most of its
fﬁll width in one pass and the material extracted is conveyed
away f{rom the face and mine machine. Norm;lly,’thc sumping into

the mine face is about 6 inches and the shearing substantially the

total height and width of the of the mine face. After completing
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both steps, the machinc_iﬁ moved up to the mine face while the
cutting bits are moved to' the roof or floor, again sumped into the
mine face, and then shearing takes place. During this process the
cxtractcd‘coal is continuously being conveyed away from the minc
facc:a This process continues until the desircd amount of materiAI
is extracted. i

The primary object of this invention is an improved
method of extracting material from a mine using a continuous min-
ing machinc retrofitted with a constant depth linear cutter head.
FIG. 1 is an energy profile graph for a rotary hecad
cutter. ..
FIG. 2 is a schematic diagram of the steps to be taken
to practice our method in a mine.

FIG. 3 is a side view of one type of cutting head usable
to‘sump and shear the material froq a mine face. :
FIG. 4 illustrates a top view of the FIG. 2 cutting head.
FIG. 5 is the illustrated cutting head retrofitted on zm'l

cxisting continuous mining machine.

Although the invention will be described with respect

to coal mining for which it was primarily developed, other types

of mining operations faced with the same problems could conceivably
bchcfit. Before elaborating on the details of thelinvéntion, the ‘
problems it is directed to should be loocked into. The{major prob-
lem sought to be solved by our invention was to reduce respirable
dust at the mining face from a continuous mining machine operation
without sacrificing operational efficiency. IF this could be ac-
compl%shcd, thén the next problem would be to increase production
without sacrificing safcty. A ' '
One of the most ‘widely used types of continuous mining

machines {CCM) employs a rotary cutting head having 100 to 150

bits and a bit rotational spced of about 60 revolutions per minute.
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These cutting bits usua&{y penctrate no more than onc inch into
the coal mine face and thercby produce cxcessive quantities of
respirable dust as they cut in thcicoal. Generally, they may be
‘thought of as rotating shallow types of cutters. Rescarch con=
ducted by the Unitecd States Burcau of Mines has shown that by
cutting with this type of rotary hecad and by imparting a lower
number of revolutions per minute (rpms) to the head, less of this
unhealthy and dangerous dust is producted. However, to attain
the lower number or rpms neceded and still achieve the depth of
penetration desired presents a problem since not enough torque
can be transmitted to the rétating head.

The graph of FIG., 1 illustrates typical tests results
obt&ined from a rotatiﬁg cutter. It is the plot of the energy
profile for a single plumb-bob bit with a bit attack angle of
forty-five degreé where there are two inches between the centers
of cuts., The Y-axis shows the specific energy in joules per granm
éf coal extracted and the X~axis the depth of the cut in. inches
between .25 and 1.0 into the coal mine face. The dashed graph
lines rcpresent extrapolated values below .25 inches based on
analytical results. The basic conclusion to be drawn from this
graph is that at a depth of one inch a rotary cutting head has
its best or most efficient energy profile. Test data for depths
greater than one inch support this conclusion i.e., thc.amount of
enexrgy consuned decgeases as the cutting depth increases. If
this conclusion is considered in light of a second finding -
namely that the amount of airborne respirable dust generated is a
cubic function of a cutters energy profile - then it can be stated
as a corollary that using a rotary cutter is not the way to re-
duce dust. Tests have in fact shown that tha less the depth of
the cut the greater will be the amount of~rc$pirablc dust and
energy per unit volume generated. When the depth of the cute are

less than one inch, the dust generated has been shown to increase
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exponcentlally towards a' maximum value as the depth of cut ap-
proaches zero varying as.the cupe of the cnergy curve in FIG. 1.
Our approach to overcome this problem has becen to dev~
clop a deep cutting noﬁ-rotary head design which cuts the mined
material at a constant depth. This approach‘will not only produce
less dust per cut but has been shown to be more cfficient in terms

of reduced power consumption per volume of coal removed. Further,
cuts thercby lfbcrating less of the potentially explosive methane

and reduction of dust geneFated for a single bit on a rotary head
making one complete revolution, Table I was developed to show the
effect of reducing the area of maximum dust production between
zero and one-half inch depth by increasing the depth of cut, For
a one inch deep crescent (shaped) cut by a point attack bit maki£g
one pass at the face on a continuous mining machine (C!) greater
than 65 percent of the cuttlng energy will be expended while pro—
ducing at least 88 percent of the primary dust at the nine face
in less than 15 percent of thé total area of coal removed. Based
on our tests, we have.concluded that the dust produced with a CMY
can be decreased by increasing the depth of cut until an economic

and engineering optimum depth between three and six inches is

reached.
_ TABLE I
Percentage of Area Maximum Depth of Perceﬁt Reduction
Between 0 and 1/2 Crescent Shaped of Dust Producing
Inch for Total Cut Cut (Inches) Areca, Between 0
Arca and 1/2 inch
L}
100 0.5 0 ‘
13.4 .0 87
3.2 2 . 07
1.4 3 98.5
0.77 4 89.3
«50 5 99.5
34 6 99.6
5
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In order to achicve our objective of rcducing the rese-
plirable dust gencrated at the mine facc and at the saﬁc time main-
tain or cxceed the four to seven tons per minute of the cut mate~
rial now cxpected from a CHMH, it is nceessary to modify the
existing cquipment available by eliminating the rotary head. It
should be pointcd out that an average production ratec of 700 tons
per shift is being achieved nationally. This means that only 2.1
to 4.6 hours of machine time are used ecach day. Thié low level
of use is partiaily due to the fact that any greater use.would
create excessive dust.

Our invention addresses itself specifically to this
problem since the low lcvei of dust generated by our device will
allow truly continuous operation without exceeding the standards
set out in the regulations implementing the Federal Coal Health
and Safety Act of 1969 (Public Law-91-173) as to the maximum
amounts of respirable dust allowable. ’

FIGS. 3 to 5 illustrate the preferred type of equipmeﬁt
which could be used to practice our metkod. In FIGS. 3 and 4 a
cutting head 10 having seven bits 13 that can sump into the coal
seam and then shear it is illustrated. The spacing, 4, beéween
consecutive bits follows the‘genéral practice’of 2.5 to three
times the depth of penetration. Thus, for a six inch penetration
depth the spacing between adjacent bits would be fourteen to
fifteen inches. This head 10 can be moved forward into the coal
seam face under hydraulic pressure and.also up and dovn (or if
desired sideways) under hydraulic pfessurc. It may also be de-~
sirable to augment the cutting action of thesec bits with high
pressure (10,000 psi or more) jets of water. Normally, these jets
located at the center line of the bits! point would prccut'holcs
or slots into the coal face for the bits to sump into. In this
way, the nced to generate a high sumping force would be eliminated.

.
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These same high pressure water jets may also be used to reduce the
amount of shear force nceded. Generally, without the usc qf these
supp}cmental.jcts, a force of aboutAIZ,OOO pounds would be require:
for cach bit to sump or shear the six inches needed into the coal .
seam. This 12,000 pound force, which is weli within the present
state of the art for continuous mining machines, will be generally
the same for both sump and shear opecrations.

To get an idea of the amount of coal production pessible
with our invention, assume a six foot high times ten f;ot wide
t:imes six inch decp cut'is to be made at a sump rate of an inch
per seccond, a sheer rate of er foot per sccond, and allow five
seconds for the return of éhe bits to the next cutting position
on the coal face. Then the amount of coal with an 80 pound cubic
foot density would be 2,400 pounds per cut in 17 seconds per pass.
For each minute of continuous operation, this amounts to 4.24 tons
per minute of production or 254 tons per hour. Durinj the normal
seven hour working shift (eight hour day) this works out tg¢ 1,788
tons of coal. Even this figure can be increased if the constant
“depth linear cutting head were' composed of two identical heads

mounted in such a manner that one sumped at thé roof and cut to

the mid-stream height with the other head simultaneously sumping a-

the floor and cutting up to meet at mid-seam. This type of arrang

[ p—

ment would reduce the 17 second cycle per pass by three.seconds on
the shear and 2.5:seconds on the return. Thus, by using two heads
a 48 percent incrcase over our original estimate could be achieved
or a production rate of 2,600 tons bcr day. This potential rate
is much faster than present haulage systems can handle and, there-
forc, modifications to the haulage systems would be required.

Dust generation during cutting must be reduced éo comply
with safety regulations of the Mining Enforcement and Safety Ad-
ministration. At the samc time, the I'resident's goal of d&nbling
coal production by 1985 has to be considered. When present high

fpeed rotary cutting heads enter and eoxit from the coal face at

154



depths of less than onc’inch, there is an Iinhcrent large amount o,
dust produced duc to the .shallow cutting action during cntry and
exit of cach bit but this is incrcased by regrinding and fanning
act}on of the rotary hcad, This dangerous condition has been
climinatcd by our invention without sacrificing coal production.
FIG., 2 schcmaticaily illustrates ﬁow our invention works
Initially, at the step 1, the cutting hecad of the continuous min~
ing machine (CtM) is positioned at the mine roof and then sumped
into the face as shown by step 2. The coal is then sheared from
the top of the seém towards the gottom. Upon reaching the end of
its shear cycle (step 3}, the cutting head is raised to the top of
the mine face as the machine advances (step 4) to a po%ition to
begin the sump-shear cycle again. Thereafter or simultaneously
with repbsitioning, the coal is conveyed away (step 5) and the
process is started again at step 6 which corresponds to the ini-
tial sumping step. As is common in continuous mining operations,
once the mined material is sheared off the mine face it may be

cenveyed away (step 5) from the ming face and mining machine to a

shuttle car (not shown) via a loader located beneath the coal mine’

face. Sumping may also originate at the bottom of the coal face
in steps 2 and 6, in which case shearing (step 3) is from the
bottom to the top of the coal mine face.

. FIG. § illustrates how the cutting head of FIGS. 3 to
4 could conceivably be retrofitted on an existing ;;;i;gi 120
rotary drum continuous mining machine. Basically, this modifica~
tion would remove the dust producing rotary hecad and replace it
with the nonrotary seven bit hecad of FIGS. 3 and 4. Appropriate
hydraulic cylinders 14 would be powered by electrically powered
pumps {rom a remote clectric power source via cable 15 to provide

the power to sump and shear the coal face. These cylinders cause

the head to move up and down, Shearing could also be acconplished’
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in a horizontal or a side, to side dircction by oricentinyg the cylin-

dors diffcrently and turning the hcad 90° so that its bits were

Caligned in a vertical planec, ' ,

Notwithstanding the foregoing illustrative cxnmplg in
FIGS. 3 to 5 of the typc of cquipment which could be uscd to
practice our method, no limitation of the invention should be con—~
strxued thercof as the scope and cxtent of the invention should be

measured only b} the claims which follow. ~
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We claim: .

1. A mcthod of operating a continuous mining Hachine

having a ndn—rotary type cutting hecad comprising the skcps of:
‘ posiéioning said machine in an operative position near
to the mine face surface to be worked; *
sumping into said mine face surface beginning on one of
the peripheral sides thercof at a depth of at least three inches
with said non-rotary cutting hcad;

shearisg said mine face the same depth as suﬁped acroés
most of its entire width and height without retracting said cut-
ting hecad from its sumped depth;

conveying said dislodged material away from said mining
machine and mine face;”and

repeating the positioning, sumping, and shearing steps
in that order. » . ) ) e =

2. The method of claim 1 wherein said suﬁping is at
'é depth of about six inches begiﬁning near the nine roof; .and

said shearing step takes place beginning at the same
position and continues to the mine face floor.

3. The method of claim 1 wherein said sumping step
takes place with a cutting head having a plurality of substartial:
jdentical bits that are horizontally aligned with each other,

4. The method of claim 1 including the additional step
of supplying water under a pressure of several thousand pounds
per square inch préssure to the mine face prior to said sumping
step. e ) i

5. The method of claim 4 including the additional step
of supplying said water under pressure during said shearing step

to the mine face.

20
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6, Tho mctho? of claim 1l wherxein sald shearxing takes
place horizontally from onc side of the mine [acc to the other
with said hcad turncd nincty decygrecs to position the bits in a
vertical linc prior to‘suﬁping.

7 Thc.mcthod of claim 1 wherein saidvshcaring takes
place vertically from the top of the minc face to its bottom.

8. The method of claim 1 wherein said sumping step
begins near the mine floor at a depth of abnut six inches; and

said shearing step takes place beginning at the same
position and continues to the mige face roof.

9. A method of operating a continuous mining machine
have two identical nonrotary type heads comprising the steps of:

positioning said machine in an operative position near
the mine:face area to be worked; !

first sumping into said mine face near the roof at a
depth of at least three inches with one of said heads;

‘ sumping into said mine face simultaneously near its
filoor cpposite said first sump at a deopth of at cast threec inches
with the other of said two heads;

shearing said mine face with both of said ﬁeads, approxi
mately the same depth as sumped, towards each other without re-
tracting said cutting heads from the mine face while shearing;

conveying said dislodged material away from said mining
machine and mine face; and )

repeating the positioning, sumping and shearing steps

in that order. . .
10. The method of claim 8 wherein said sumping steps

take place at a depth of about six inches.

' Xl. The method éf claim 8 including the additional step

of supplying water under a pressure of several thousand pounds par

square inch pressure to the mine face prior éo said sumping step.

11
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Appendix C

PATENT APPLICATION 702,373;

LINEAR ROTARY HEAD CONTINUOUS
MINING MACHINE; by W. W. Roepke,
D. P. Lindroth, and J. W, Rasmussen
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APPENDIN B
Patent Application Scrlal Mo, 7@,'") 3 7:3
MIN 2533

LIMBAR COTTIRG ROTARY HEAD CONPIMUDUS MINING MACIHINE
by
Wallace W, Roepke, bavid P. Lindroth, ard Joseph W. Rasmussen
ADSTRACT OF WHE DILILOSURE

The triangular-shaped rot;nry head mounted on an cccentrically

) ‘ ");) ma P poth e
driven shaft rotates at al_\vv>c,c-q,dot_crr|1nod by a ring/pinion ¢eax Ll
; \
. hY
ratio v e muapo R E e m-dnatkel~ongina,  such that cutting \3)\,

tools mounted on the apicas of the triangular- shdo ad rotary head

&
o af2ibac ' \uv‘ —
follou a square path »L»m,.%w% the face of the coal seam to be cut at
N

a top corher and makckla rong linear vertical cut at a constant depth 3o
%A

of approximately one and one-half tuﬂes the dlameLer of the

: (.,m,n.ff\cmc Lok :‘W!MU l)’: ‘
emobieny greatly ICdULIn" dust c(?nczz‘tlonﬂ/\ Mcu‘—;uv %mmwa L)l.-)?\

BACKGROUNRD OF THE INVENTION

FIELD OF THE IUWVENTION

This invention relates to continuous coal mining machines
and morce particularly to an improved rotary cutting head which
permits an increase in production while decreasing respiral dust

formed during the cutting procese.

DESCRIPTION OF THE PRIOR ART

Many diffcrent methods have been employed in the mining of
coal and in the past fifty years the development of mechanization
in the mining of coal has virtually eliminated manual mining

techniques. A large increcase in productivity has been obtained

by the design and developmant of the rotary hcad continuous nining

macitines which use a maltiplicity of bits Ffixed to a rotating CE?TLiI:T
whd.chv inay be advanced into thoe coal face and woved up cr down Lo
1’r.:|gnu,:n:- the face of the coal scam or formation. With over 2,000
of thecce wachinas now in wse and -acconnting for nppw;.\:in\u‘«:cl_x
one-half of the ;yxoduc:(:ioi) of coal from \mdrn:x:n'd\:n('l coal nines,
tha enployment of these machined has inercosed thoe peoblon of

privary dust o generalion ot Bhe faces during enbbing by rotatiam
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of the cutling tecth or tools. During the fragmentation process
at the face of the coal deposit, which is responsible for the
production of both airbornc and non-airborne dust, dust generation
is determined by such machine parameters as bit Ltype, bit angle,
spacing between bits, depth of cuf and rotational speed. Research

by the Bureau of Mines has involved an analysis of the coffect of

rotary cutting heads on a continuous mining machine and a determination

of where and how primary dust is produced at' the face. As result of
that analysis, it has become apparent that where a pick or tool bit
enters the coal face at zero depth due to its epitroichoidal path,

the machine has an inherent potential for high dust production

“with an associated high energy demand.’ Thus, presently employed

rotary head continuous mining machines are inherent dust producers.
It has been dctermined that the iimiting factor to dust reduction -
is the circular patﬁ with continuous entry and exit of each pick
oxr bit in the face.

. It is accordingly an object of the present invention to provide
a new linear cutting rotary.head for a continuous mining machine
which will cut at a constant depfh. .

' A further problem in the use of conven*ional rotary head
continuous mining machines is that the cénsﬁantly changing depth
of a bit following an epitroichoidal path does not permit an optimum
spacing for the cutting bits. Since deep cutting of coal with

rotary machines appoears to be the solution to dust gencration

4uzing cubbing, s presents the problem of uvsing fowor bite with
wide spacing to accommodate the deeper cutting most effectively
whiczh then producces corxing at shallow cuts since there are too fow
bits for shallow cutting. Indeed, this is a ‘paradox because ono

should cut decep to avoid dust but one increascs the amount of Qust

by coring during decp cubs bocause there are too few bits, Yt is
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obvious, therefore, that the presoently designed ;otnry head nachines
arce thercfore not amendable to dusL'reductioA with high productivity
due to theiy inherent design faults. It is apparent, therefcre, that
an idcal cutting machine would comprise a rotary head for high
productivity usinglonly decp lincar cuts to reduce dust gencration

to a minimum while maintaining optimum bit spacing.

It is, therefore, a further object of this invention to provide
an improved rotary hcad continuous mining macdhine which optinizes
these three parameters, .

It is a further object of this invention to provide an improvad
continuous mining machine which may be modified by the substitution
of a new rotary cutting head which provides full linesar shear and
sump cuts without the necessity of modifying all othex existing
parts including those needed for propulsion, trackage, electric
and/ox hjdraulic motors to the power track, existing boom wifh vertic:l
and/or horizontal movement and the existing means of collecting cut
coal and conveying it to an appropriate shuttle car ox belt »
trgnsport‘system. ‘

SUMMARY OF TiIE INVENTION

The present invention ‘comprises a continuous mining machine
having a chassis movable in the direction of»its longitudinal axis,
a booﬁ carried by the chassis for pivotable movement through an
arc at right angles to the direction of chassis movement, an eccantric
crank mounted to said boom for rotation about an axis at right angles
to the longibudivsel axis of the boon., A hoead of trxiangular crozs-—
sectional shape is rotntub]eAcccﬂntrically on said boom with cutting
teeth mounted on the apices of uaid‘tiinngular—shapcd head and
projegtiug outwa}dly thexefrom such éhat-d&rihg,rotntion of tha

head, the eutting bits follow an essentially squﬁro path to cause
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The present invention is directed to the rotaxy cutting head
asscbly, indicétcd genaerally at 29 which comprises left and xight .
side culting heads or druns 30 and Bé when vicwed from the front of
the machine, ligures 1 and 4. fach cutting head asscmbly carrxies
firedly mounted cutting bits of pyramidal.configuration as at 34
along particular edyjes thereof, The present invention is pﬁrticularly

directed to the employment of rotary cutting heads or drums 30 and 32

,of triangular cross-sectional configuration mounted and driven such

that: the apices of the triangular-shaped rotary cutting heads follow

a square path with the apices carrying the cutting bits 34 and thus

causing the cutt@ng‘bits to follow a square cutting path and to

enter the face of the coal formation C at one (top) corner and maﬁc

a long lineal cut &t a constant dcn?h and over one and one-half times

the diametexr of the rotary m“&he cutting WMM‘ ’ \,'\S"\'
By éeference to Figure 4, it may be seen that the boom 16

te;minates at its ouéboard end relative to chassis 12 in a rotary

cutting head drive motor which is indicated generally at 42, this

motor being an eiectrip motor, hydraulic motor, pneumatic motor.

or the like, but being constituted by an outer houéing 48 of circular

configuration, Rotatably supported to the ;ides of boom 16 are

heads 30 and 32. A crank 44 which has an axis of rotation coaxial

withvthat of the motor housing 48 and being driven therein terminates

ip eccentric portions 44a at the outboard ends of the crank. .

Fixedly mounted to the motorvhousing 46, on each gide of motor 42,

are ring gears 46 which may comprise integral parts of the circular

mozor housing 48,  Each ring gear carries internal gear teeth as

at 52, The crank 44 extends through_.a circular hole 50 within the

.canter of cach ring gear 46, the hole 50 being of sufficient size Lo

permit the cccentric portions 44a of the crank to rotate fireely

-6 ~
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within the [ixed ring gears46. In the illustrated cmbodiment,
pinion gears 54 are rotatably mountoed on the cccentric portions 44a
of the crank 44 s0 as to rotaté about the axis of the eccentric
portions 44a in response to rotation of the crank 44, The pinion
gears 54 carry gear teceth 55 on their peripheries which are in mesh

with the gear teeth 52 of the ring gears 46. Preferably, the ring

:gcars 52 have a gear ratio of four to threce to pinion gears 54 so

that for every four reovolutions of crank shaft 44, the internal
eccentric driven pinion gears will have rotated three revolutions.
Each rotary heAd or drum 30 and 32 takes the shape in cross-
section of an expanded (spherical) equilateral triangle. The head
incorporates three mounting arms 56 defining a triangle support for
the head, the arms being fixedly mounted at 57; Figure 4, to an
end fnce'of the pinion gear 54 with arms 56 being fixed at their
oqiboard ends 59 to the drums or heads. The drums:or heads comprise
three sidewalls or faces as a£ 60; 62 and 64, which are joined at
their longitudin;l edges to form apices 36, 38 and 40. All of the
members of the rotary head assdmbly 29 may be ﬁormed appropriately
of metal with the parts being suitably welded together or affixed
by other conventional‘means. By cnergization of the motor 42, the
drums oxr rotary heads 30 and 32 will be rotated about the axis of
the eccentric portion of crank 44 in such a manner that the drums

follow an cccentric ollipse and the tips of ecach cutting bit 34,

w siight vadiag at fha cornoers, where Uraasition of btae bit wotion

occurs from the vertical to the horizontal portion of the rectangulex

path orx vicee versa.

170



10

15

© 20

Figure 2 illustrates the cutting path of one tip B of onc

bit 34 during the sump cycle with Lhe shear cycle being the same ~
, . . . Gtting lgd$d
except horizontal. It is to be.,noted, that this lipcar aroteeey

[-o

head concept works in'similar fashion on all Eo&;[sidcs ijﬁiv
of a box cut. This allows the hcad to be sumped ité full dianmcter .
beforxe a shear cuf is started, with the shear cut also
removing.the coal by a lincar cut, The only differcnce between
sump and shear is a linear sump cut perpendicular to the bedding
and a linear éhear cut horizontal to the bedding (not parallel
thereto) . ' v
Further appréciation of the cutking action of the improved

linear\rotary/cutting}head assembly of the present invention mayA L}cﬁ“

be had by the following mathematical description with reference )
to Figures 2 and 3. It may be sécn that the cutter bits 34 which
are mounted on respective apices, of the friangdlar*shaped rotary
cutting heads or drums 30 and 32 and which bits incidentally for
réspective apices are offset relative to the longitudinal axis of
the cutting‘head, will follow a linear path from roof to floor at
the mine face during ﬁhe rotary motion of the fi$§ and pinion.

The moveﬁent of the tip B of each cutting bit‘34 whicﬁ is shown in

Figure 3 for a distance R about the center of the internal gear 46,

is covered by the equation:

3

R = \/Ez + 2Er(cos {9‘ cos ﬁ%_ si ‘/jsin

: o (,"r“n‘fhi)

-8 -
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whoero:
E ‘equals the ceccentnic length Qf 1/8 length of pitch diameter
or internal ring gear 48, r equals the apex length of the cutting N
arm from the center of rotary pinion geaf Sﬁigb'tip Bhof cutter bit,ijﬂ
ICpn and CiBl‘about the drive axis

and the oﬁtput shown by 4‘ = angle < Bn'CIB

—9equals the aﬁglc made by C

1t
From the above, one complete square cutting .path for any o

bit 34 will be described by g@?fggiggl for the angle$. d»)
It may be seen by ieférence to Figure 3, and from the equation,

that the distance R rcaches the maximum at the top (Bl) and the

)

bottom (B3) corners of the cut where the eccentric arm (CI, Cpl
is at zero'dagrceé (épl) and 270° (Cp3). The min?mum distance R
Tis obtaiped at the horizontal center line of the head (82) Ghen the ,
cqcentric arm (CI' sz) is at 135° (Cp2)‘ Usin; this description,
B, can be plotted foi any angle{% at Cpn, and this is tﬂe marmer in
which the cutter path shown in Figure'Z was developed. )
Further, if the two dimensional figures of Figures 2 and 3 are
visualized as being three dimensional with the long dimension 5eing
an elongation of the triangle perpendicular to the sheet of drawings,
then such a device i; seen as capable of carrying several bits
suitably spaced at the various apices of the elongated triangular-
shaped cutting heads as seen in Figure 1. Thus, each bit at any

apex of the eccentrically rotated triangles for both heads or drums

will follow a path best described as a square. This perinits the

triangular-shaped head to be mounted horizontally on a wining mach

boom as a replaccument for the standard rotary head as illustrated,
’ o

‘ . . . oppieperialal: .

and when the triangular-shaped head is driven by an sppeuwbemehbl. v

geared ring and pinion in an eccontxic path, then the cutting bits

34 rouvnted ab thoe apices will take a sgquare face cut at a coenstant

dupth after boing swuapoed,
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From the above, }nboratory linear cutting experximents combincd
with the theoretical analysis of the rotary cul lead to the
conclusions as follows:

‘(1) Both specific airborne réspiralldusf and specific

5 " non-alrborne respiral dust arc monitonically }ncrcasing functibns of
specific encrgy. 8

(2)  specific dust and specific energy are inversely

proportional to the depth of cut,

(3) An optimum value of the space to depth ratio of the

10 cuttin§ bits exists between 2 and 3 fo; linear cutting. ‘

(4) Rotary cutting has an inherént bit'spacing probleﬁ
since the correct bit spacing is oﬁly obtained at maximum depth for
each bit. ‘ ‘

\ ' (5) Rotary cuttiﬁg is an inherently poor low volume

is récovafy in the first 60% of advance distanée for each bit on the
drum méking Fhis portion of the rotary cut highly &nefficient with
abnoxrmal amounts. of dust.

(6) Specific airborne respirable du;t éeﬁeratcd from

.the rotary cut is grgatqr than that generatéd'ftom thé linear cut,
20 s In conclusion, the laboratory results show that the greatest
dust generated per unit volume occurs at cuts less than one inch
deep, and it beéomes apparent that_all cutting should occur deeper
than one inch. From the anai&sis of the rotary cut, it is equally

apparent that vhen a bit enters the coal face at zero depth, goes

25 to some maximum depth, and exits the face at zero depth due to its
nadchanical configuration, as in .the standard coptinuous mining &
. . N [
ot N N s . N s Ind:
.machine, it is inherently a high encrgy, dust/cutting mechanisn. 03
- 10 -
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The linear cubting rotary head modificd continuous nining nachine
of the prasent invention as described above completely climinuios
thesz problems and minimizes respirable dust goneration, With
respect Lo the.illustrated cnbodimeqt, it should be noted that thé
drum cross-section®may take the shape of modified cquilateral
triangles whose sides may be changed symmetrically into other forms
of conic section as are compatible with gear sizes and head sizes
needed for the coal seam being cut, and that au#iliary fragmentation
subsystems may be placed at the cutting bits 34, the subsystems
may include thermal heaters, hydraulic impgct rams, clectromagnztic
heating, mechanical impact, high pressure liguid jets or any

. combination of the same.
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WHAT IS8 CLAIMED IS:

1. A continuous mining machine for wmining ﬁ horizontaily
gxtending coal veaip or the like, said mﬁchine comprising:
a chassis movable longitudinally parallel to said vein
a boom carried by said chassis for pivotable movement
at right‘anglcs to the dircééion of chassis movement,
shaft means mounted to said boom for rotation about its
axis at right angles to the longitudinal axis of said booﬁ,

means for rotating said shaft,

- at least one rotary cutting head, triangular—shaped

in cross section mounted on said shaft for rotation about

An elliptical eccentric path, and
longitudinally séaced cutting bits mounted .
on said triangular-shaped rotary head at the apices thereéf;
whereby, said cutting bits follow a square cutting path
during rotation of said at least one rotary head.and effect linearv

shear and sump cuts of said coal vein during rotation thercof.
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2. The continuous mining machine as claimed in claim 1,
whoerein said shaft means comprises a crank arm mounted for
rotation about an axis at right angles to the longitudinal axis
of said boom, said crank arm having an cccentric portion, pinion
means is nounted on said cccentric portion for rotation about
the axis of tho ncécntric portion of said crank, a ring gear
concentric with the axis of rotation of seid crank and having
internal gear tecth in mesh witn gear teeth on thé periphery of

feth \)?“
said pinion for controlling the rotational,ppﬁéa of said pinion W
as said crank rotates with‘respect to said ring gear, and means

for fixedly mounting said at least one triangular-shaped cutting

head to the side of said pinion gear so as to rotate ecccentrically

‘with respect to said crank auis,

3. The continuous mining machine as claimed in claim 1,

wherein: said at least one rotary head comprises ‘three edge

joined faces, said cutting bits project outwardly from said
at least one cutting head al said apices and are geherally in line with
the trailing face at each apex in terms of the direction of rotation

of said head. . .
4. 'The continuous mining machine as claimed in claiml,

wherein said gear ratio between said pinion means and said ring

gear is 3 to 4.
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. 2.
of approximately one and one-half times the diametex oﬁArotnry R;aﬂ Q
St

said bits to entex the face of the coal forwation at the front
of said continuous cutting machine lincarly to cffect a sumnp
motion and to make a long lincar cut al conslant depth a distance

.\}.,‘l':k
Ve "2&’% said cutting 4\«(}‘2—&;1%.’1'

Preferably, thé bits are mounted to the apices generally '
longitudigally in line with the adjacent trailing face of the
triangular heqd in terms of the direction of rotation of said head.
The faces of the triangular-shaped cutting héad may comprise
spherical segments. A triangular-shaped rotary cutting head may
be.mounted on each side of the boom with the boom centered with
respect to the chassis and the b{ts which are longitudinally spaced
along the épices df each triangular shaped head are preferably
loﬁgitudinally offset with respect to the bits of the other apices
of the same head.

BRIEF DESCRIPTION OF THE DRAWINGS

Fiqﬁre 1 iska perspective view of one embodiment of the
improved linear cutting rotary head continuous mining macﬁine
of -the present invention. )

FPigure 2 is a diagrammatic view of the cutting path of the
linear cutting rotary head 6f the ﬁachine of Figure 1 during
machine operation. ]

Figure 3 is a diagrammatic view of the cutting path of the
linear éutting rotary head of the machine of Figure 1 illustrating
the change in position of. the parts effecting the movewment of
the cutting bits performing the cutting action.

Pigure 4 is a front elevational vicw of a portion of the
rmachine of Figure 1, partially in section, illwstrating the

construction of the lincar cutting xolary head asscrbly.
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Figure 5 is a scctional view of a portion of the linear cutting
rotary head asscmbly of Figure 4 taken about line 5-5.

DESCRIPTION OF 'PHE PREFERRED EMBODTHENT

‘Rcfercnco to Figurces 1, 4 and 5 illustrates the present invention
as a modification to a conventional continuous rotary head mining
machine 10. In that respect, the machine 10 is of conventional
design and consists of a chassis 12 being mounted for movement in
the direction of‘the longitudinal axis of the chassis 12 by means
of tracks as at 14 or the like, permitting the machine to move
forwardly with £espect to a coal formation of vein € and to effect
a cutting actidn with respect to that coal deposit; whereupon, the
cut coal C' which breaks up during the cutting ncéion falls by gravity
in front of the uncut portion of the céal form&tion on a scoop Ox
shovel 24 which is fixed to the ohassis 12 by hinge connection means
25, the scoop or shovel 24 carrying appropr:iate lateral walls 26 4
which tend to Quiae the cut and broken coal fragments towards the
center of the shovel 24 for removal to the rcar of the machine by

a conveyor mechanism indicated generally at 28, This portionvof

the machine is conventional as is tﬁé structural make up and opera
of pivotable boom 16. The pbom 16 is pivotably supported at the
rear of the machine by means (not shown), such that it rotates
through a vertical arc caused by extension and retraction of a
pair of ﬁistons'ZO supported by hydraulic cylindars 18 and coupled
to the hoom by mcans‘of trunions 22, Again, this portion of tha
maching is convantional and is unmodificd by incorvoration of th:
prasent invcntion, the boom 16 baing raiscd or lowcred to presoent
tﬂc roLtary cutting head assewbly to ﬁi[fercnt positions with respact

to the coal formation C,
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5. The continuous mining wachine as claimed in claim 2,
wherein said gear ratie betwoeen said pinion means and said ring

gear is 3 to 4.

6. The continuous mining machine as claimed in claim 3,
whercin said gear ratio between said pinion mecans and said ring
gear is 3 to 4.

'

7. The continuous mining machine as claimed in claim 1,

wherein a plurality of bits are carried on said at least one rotary

cutting head on cach apex thercof, and wherein the bits of one apex

.are longitudinally offset withrespect tb the bits carried on another

apex.

8. The continuéds mining machine as claimed in eclaim 2,
wherein a plurality of bits are carried on said at least one rotary
cutting head on each apex thercof, and wherein ghe bits of one apek
are longitudinally offsct with réspect to the bité carried on another
apex. . ‘ T . ' '

9. The continuous mining machine as claiﬁed in claim 1,
wherein the longitudinal faces of said at least one rotary cutting
head comprise spherical segments joined at their longitudinal

edges.
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10. The continuous mining machine as claimed in claim 1,
wvhexein said rotaxy cutting heads comprise btwo in numboer, said
means for rotating said shaft compriscs a motor fixedly mountead
to said boom, and gaid rotary heads are operatively coupled to

said motor on respective sides of said boow,
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Appendix D

PATENT APPLICATION 732,676;
AUTOMATIC FACE TRANSFER
LINEAR CUTTING ROTARY HEAD
CONTINUOUS MINING MACHINE;
by W, W. Roepke, D. P. Lindroth,
and R, J. Wilson
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BE 1T KNOWN THAT we, WALLACLE W, ROEPKE, DAVID P. LIND-

and RICIARD J. WILSON, have invented a new and usecful im-

provement in an AUTOMATIC FACE TRANSFER LINEAR CUTTING ROTARY HEAD

CONTINUOUS MINING MACBINE of which the following is a specifica-

tion,

Abstract of the Disclosure

A coal mining apparatus and its method of
use in which a continuous mining machine removes
and transfers cut material reducing airborne
respirable coal dust generated in the cutting and
collection process. The conventional high speed
head rotating with the bits going forward at the
top is replaced by a triangular shaped dished out
linear cuéting head fotating with the bits mounted
at the apexes going rearward at the top. This
produces a box cut in the ﬁine face with a
sguare cross-section. After the head has made a
box cut by sumping the fuli head diameter begin-
ning at the mine floor, it is sheared upwardly
producing a linear shear cut. This shear step is
at a constant depth equal to the complete cutting
head diameter. The modified cutting head is used
as part of the loading and transfer mechanism.
This is accomplished by reversing its direction
of rotation and cutting on the upstroke from floor
to roof so that the head acts as a bucket collect-
ing the cut coal, then transfered to an adjacent
transport systeﬁ which allows the cut coal to be
loaded and conveyed away from the mine face with-
out further dust generation duc to free fall frac-

ture on the floor or intermediate handling by a
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dust generating galhering head mechanisw.  To
insure that the coal is consistently discharged
at the proper position, a movable bridge con-
veyor and follower asscmbly is used with the

cutting head.

BACKGROUND OF' THE INVENTION

Field of tﬂe Invention

This invention is a continuous mining machine which
allows coal to be cut from the mine face and transported therefrom
while at the same time greatly ;educing primary and secondary
generation of airborne respirable dust in the process.

Description of the Prior Art

Two copending United States patent applications commonly
assigned to the United States Government constitute the best known
prior art relating to this invention. These include the applica-
tion bearing Serial No. 604,566, filed August 14, 1975, en}itled
"Method of Operating a Constant Depth Linear Cutting Head on a
Retrofitted»Continuous Mining Machine," by W. W. Roepke et al
(hereinafter referred to as HMethod of Linear Cutting); and the
application bearing Serial No. 702,373, filed July 2, 1976, en-
titled "Linear Cutting Rotary Head Continuous Mining," by W. W.
Roepke et al (hereinafter referred to és a Linear Cutting Rotary
Head). The essential difference between this invention ;nd what
these two inventions disclose is.the method of operation of the
rotary head and its assoéiated transport system. Thus, the inven-
tipn discloscd in the Linear Cutting Rotary Head disclosure has
been modified by this invention to allow it to be &sed to accom-
plish the Metﬁod of Linea; Cutting plus a loading and transporting
function has been added which at the same time reduces secondary

airborne respirable dust generation.

183




SUMMARY OF THI INVENTION

To practice the method taught by our invention, a con-
tinuous mining machine has a retrofitted rotary hecad which is
shaped in cross-section like a dished out Reuleaux or equilateral
triangle; Connected thereto is at least one bridge conveyor, In-
itially, the machine is positioned near the mine working face.
Beginning near the mine floor faée with its head rotating, the
head ié then sumped in the face until the head's full diameter is
reached, By rotating the head in the upstroke direction, the cut
materials are projected upward and over it. Apparatus is provided
to load and transport the cut materials from the mine face by a
bridge conveyor and follower assembly located immediately behind
the cutting head's discharge and near the front end of an attached
boom support. After sumping takes place, the mine face is sheared
its total heiqhtat constant dépth the same depth as sumped by
raising the cutting head. i — .

The apbaratus to practice the invehtign has a rotatable
cutting head which 'is shaped in cross-section like a dished out
equilateral triangle, This head is movably attached to a bridge
conveyor. The head and its bridge conveyor move together due to
the follower assembly so that when the head as a unit is moved
forward or up its conveyor maintains the same relative position
with respect to it. Gathering arms below the bridge conveyor may
be combined with it to feed cut material to a rearwardly iocated
main conveyor. ’

The primary object of this invention is an improved
method and apparatus for use with a continuous wmining machine hav-
ing a linear cutting rotary head.

BRIEF DESCRIPTION OF TUE DRAWINGS

FIG, 1 is a isometric view of the front end of the pre-
ferred embodiment at mine face after a partial sump cycle has

taken place.
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FIG, 2 and FIG. 3 arc pictorial views showing a conven-
tional continuous mining machine as modificd by incorporating the
preferred embodiment of our invention therein.

One of the most persistent problems encountered in min-
ing operations, especially coal mining operations, eﬁployiﬁg
machines to cut the material to be mined .is that of maintaining or
increasing production while at the.same time.reducing the genera-
tion of airborne respirable dust. The mentioned invention en-
titled Method of Linear Cutting discusses this problem in detail
and points out one proposed solution wherein the amount of respir-
able dust generated is substantially reduced without sacrificing
production. However, to achieve the same desired amount of dust
reduction and increase production, a cutting head with a rotary
motion tb achieve a linear cut was proposed and described in the
previously referenced Linear Cutéing Rotagy Head patent applica-
tion. This type of linear cut&ing action with a rotating cutting
head may be achieved by using a head which is configured like a
Reuleaux triangle or an equilateral triangle in cross-section.
Specific details on this type of cuttiﬁg head and a drive mechan-
ism to allow it to make box cuts are found in the mentioned |
Linear Cutting Rotary Head patent'application. The subject matter
of these two background inventions will not be repeated hefein but
is specifically incorporated herein by reference. It is necessary
to understand their basic principles and the proposed solutions
to the problems presented to fully understand this invention.
Briefly, this invention takes the Linear‘Cutting Rotary Head and
modifies its method of operation and structure. It does this by
} utilizing the sump and shear cycle of the Method of Linear Cutting
in which the cutting hecad is first sumped into the mine face near
the mine floor and then sheared at a constant depth to the roof
with the cutting head rotating in reverse to the direction de-

scribed in the Lincar Cutting Rotary Head patent application and
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modificd in such a manher as to automatically collect and trans-
port the cut coal in buckets designed into the cutting head,

Broken coal freely falling from the place whcré cut
causes large amounts of secondafy dust generation as docs the
typical éathering arm mechanism for a continuous mining machine
{CtiM), To further reduce airborne respirable dust gencration,
the secondary dust generation is céntrolled at the face by this
new cuéterhead design in association with a new handling and
transportation system as proposed which eliminates the major por-
tion of the free falling cut coal,

The cross~sectional view of the working mine face illu-

strated in FIG. 1 schematically shows how the face would look

after a partial sump cycle. As viewed, the dished out equilateral
triangle shaped cutting head rotates in a clockwise direction and
as sumped part of its full sﬁmp cycle. The unique combination of
the shape of the cutting head and internalvéearing in its attached
oom allows it to make a box cut with slightly rounded coramers as
more fully discussed in the Linear Cutting Rotary lead patent
application.. With such a box cut at the mine face, it has long
een a problem to find a suitable drive train. We have solved
this drive train problem and it is this type of drive train or any
similar combination of component parts giving the same path to éhe
apexes which we contemplate would be used to rotate the cutting
ead of our invention. Since the cutting head in this invention
is shaped in cross-section like an equilateral triangle such that
its configuration follows the path described by Reuleaux, as dis-
closed in FIGS. 1 and 5 of the copending Linear Cutting Rotary
Mead patent application, it will cuﬁ out a square vertical face in
kross-section or box cut in volume when its full sump cycle has
been completed. FIG. 1 shows a side view of this squarc cut out

section in dotted line format: One type of drive gear train that
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could be used in the front ond of the boom to rotate the triang-
ular shaped cutting head and achicve the desired square hole cut
is described in the commonly assigned copending U.S. patent appli-
cation having Serial No, 705,361, filed on July 14, 1976, by
Roger J. Morrell ct al entitled Square Hole Drill,

l After the full sump cycle is complcécd the entire
depth of the cutting head, the shear cycle begins. In accordance
with the principles of the method described in the patent applica-
tion on the Method of Linear Cutting, this shearing is accom-
plished, at a constant depth, without removing the cutting hecad
from its full sumped depth, from the mine floor to mine roof.
This linear cut during the sumping step is perpendicular to the
bedding (direction X in FIG. 1) making up the coal seam while the
linear cut during shear is parallel to the bedding shown by the Y
arrow in FIG. 1. The clockwise rotation of the triangular shaped
cutting head'l as shown in FIG. 1 causes itg cutting bits 3 to
dislodge the coal 5 from the mine face and transport it over the
head and past the side of the support boom 7 until it is deposited
on the adjacent po&er driven attached bridge conveyor belt 9, The
number of bits extending for the apexes of each of the two triang-
ular heads is determined by the depth of cut desired. Usually the
spacing between adjacent bits is 2 to 3 times the depth of cut
desired with fewer bits being used for deeper cuts in the coal.
The elongated boom extends in the same direction as the bridge
conveyors and is located between them. In order to insure that
the material being discharged from the cutting head lands on the
bridge conveyors, a follower mechanism 11 is employed. Essen- ‘
tially this mechanism causes the bridge conveyors to follow their
cutting'hcad 50 tﬁat they al;ays remain in substantially the same
relative position with respect thereto. It is made up of a tri-

angular shaped track 13 recessed in the side of the head, a roller
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15 which freely rolls in this track of the head, a link arm 11
connected to the track roller at one end, a pivol connecction 19 at
the other end, and an elongated roller 21 with a tapcrcd'ccnter
portion which rides under the end of conveyor 9. The conventional
power source to drive the pridgé conveyors is not shown. Dished
out recessed portions 23 of the head allow for collection of the
fragmented coal during cutting operations. Once the cutterhead 1,
supporé boom 7, and the follower mechanism 11 have advanced to
their full sump cycle cut ~ to the left in FIG, 1 - the support
boom is used to raise the rotating cutting head thereby beginning
the shear cycle. When the full sump and shear cycles have been
completed, each of the cutterheads (preferably two separate
aligned ones with the boom between as shown in the figures) will
have made a box cut from the floor to roof the depth of the sumped
head. '

Not only may the equilateral triaggle cutting head be
used with the modifications indicated and in the way described to
reduce primary respirable generation during cutting, but the head
assembly could be further modified as shown in FIGS, 2 and 3 to
further reduce secondary dust generation produced by falling coal
and excessive gathering arm handling. Essentially, the modifica-
tions consist of adding a transportation system to the cutterhead.
As is described and shown in FIGS. 2 and 3, a follower meghanism
11 mechanically links the bridge conveyors directly to the cutter-
head to impose an oscillatory métion on the bridge conveyors in
synchronization with the rotation of the cutting heads. Guides in
each of the head recess sections funnel the fragmented collecfed
coal to'the center of the hegd before they are du&ped into the
rearward bridge conveyors. The cutterhead is revolving in a
direction opposite to that described in the Linear Cutting Rotary

Head invention so that it cuts on the upstroke instead of the down
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stroke. In this way i£ gathers the coal cut from the scam in the
cutting head recess 23 and carrics it over the top of the cutter-
head to the lower rearwardly loqated bridge conveyor 9. This
arrangement reduces further secondary airborne respirable dust
generated by free fall fracture on the floor, since éhe coal
gathering and transportation system employs a conventional movable
center support boom modified with two bridge conveyors, and a
follower mechanism for each convéyor which keeps the conveyors

in close proximity to and at the same elevation as the cutting

head. Beneath this transportation system is a pair of conven-

tional gathering arms 25 with a base pan 27, These may be utilized

as a floor trimming device and to gather minor amounts of coal

which have either missed or fallen off the bridge conveyors. Rais-
' el v,

ing the support boom causes its cantilevered attached cutting )
: Bsseddatad wlshy

head to rise vertically. —iiégg'with this raising actio{ithe fol-’
i«

Jllower mechanism attached to the CMM 29 at its pivot comigcfiions 3

with s

a¥e the two tension springs 35. These springs keep the elastic ﬂ4ﬂT

belts forming the bridge conveyors taut throughout the oscillatory
motion of the follower mechanism as it follows the rotation of the
cutting head. Near the bridge conveyor's pivot connection are two
(FIG. 3) slanted chutes 31 to guide coal from the bridge conveyor
belts to the lower rotating main conveyor belt system 37. A
second roller 43 tapered at its center can also be used at the
conveyor's.other end to cradle the mined matgrial. Thus, immed-~
1atelykafter the coal is cut by bits 3 it is first guided by
guides into dished out cutter head cavities’23 and momentarily
cradled there until deposited on the inclined bridge conveyor.
Thereafter, chutes 31 direct the coal to the underlying moving
main conveyor 37 and away from the mine working area. Should any
small fragments fall off the conveyor or miss it entirely they too
will be gathered in by arms 25 and fed via their pan and then to

the main conveyor,
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Our invention can be scen to consist of modifications to

; ; - s : L
the conventional rotary hcad continuous mining machine with addi- ¢

1,

(e

tional material handling and transportation devices. lither "The ' <

e e e e e I

. —— (
main convevor belt 37 c%}a shuttle car hnquxg:;sed to convey the

T Sormmdltd - .
mined materialVEfY¥om the mine face. The other parts of the system,

including those used to propel the ChM and boom, may be conven-

tional7 These would include electfic and/or hydraulic motors for

the CMM and boom. For example, the CCM could be any electrically
operated (via cable 39) conventional drum type miner with a high
speed head like Model 12 CM manufactured by the Joy Manufacturing

Company of Pittsburgh, Pennsylvania. Either DC or AC current may

be used to power this machine on its tracks 41 to operate it as

described.

The stated objéctivg of our invention is to reduce ddst
generated at the mine face, especially primgry and secondary air-
borne respirable coal dust, produced by the cutting and gathering
riechanism while increasing production potential: It has accom-
plished this‘objecéive by using a new linear cutting rotary head
which cuts at a deep constant depth with low rpm. The particular
method selected to reduce airborne respirable dust is based on
both experimental and theoretical analysis. From these sources
we have concluded that:

1. Both specific airborne respirabie dust and specific nonair-
borne respirable dust are monotonically increasing functions
of specific energy.

2. Specific dust and specific energy are inversely proportional

to the depth of cut, _

. -

3. An 6ptimum vaiée for the space to depth ratio of the cutting
bits exist betwecen 2 and 3 for .linear cutting,

4. Conventional rotary cutting has an inherent bit spacing prob-~
lem since the correct bit spacing is only obtained at maximum

depth for ecach bit.
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5. Conventional rotary cutting has an inherently poor, low volume
recovery in the first 60 pcrcent of advance distance for each
bit on the rotary hcad drum making this portion of the rotary
cut highly inefficient with abnormal amounts of dust.,

6. Spccific airborne respirable dust generate& from the rotary
cut is greater than that generated from the linear cut,

7. Conventional rotary cutting does rot permit an optimum bit
angle to be defined since the bit attack angle varies con-
stantly during cutting.

From these conclusions we have determined that an ideal
continuous mining machine should incorporate a rotary head for high
productivity using only deep linear cuts to reduce primary dust
generation to a minimum with an automatic collection device for
the cut coal or other material which would reduce secondary dust
generation caused by impact on the floor or‘by action of a gather-
ing head mechanism. As described herein our invention accomplishes
all of these desired results.

One alternative embodiment of our invention would sub~
stitute a pawer takeoff from the main drive shaft with a single
mechanical linkage in place of the follower mechanism. When this
is done, oscillatory motion is provided to the bridge conveyors to
allow it to be in the proper position to receive ghe discharged
coal.

Another embodiment would use a flat plate extender be-
yond the end of the bridge conveyor as a collector for any
material falling between the cutterhead and conveyor. By appro-
priate powcf means, e.g., hydraulic conveyors or a power takeoff
from the main dri&é shaft, ghe flat plate may be dumped into a
conveyor. Raising means could be cmployed to maintain the plate
at an angle during the times it is not being raised to dump the

collected coal or being forccd down to allow the cutterhcad to .

10
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pass. The hal[—raiéed position better facilitates collection of
the falling cut material and improves the efficiency of the con-
veyor system by maintaining the collected coal in close contact
with the main conveyor belt, -

It is a characteristic feature of our invention that it
will make deeper cuts than most presently operating continuous
mining machines. As such, we eséimate coal production can be in-
creased from 10 to 20 tons for each minute of operation as the
cutting head is slowly rotating at 6 to 10 revolutions per minute.
Coupled with this increase in production will be the reduction of
airborne respirable dust generated by more than 95 percent from
that generated by presently used conventional CCMs. When this
happens, methane ignition caused by frictional heat at the coal
mine face is also dramatically reduced. '

Aléhough our invention was designed to operate mainly in
coal mines to reduce the generation of airborne respirable dust
at the mine face‘with increased production, its principles®can be
applied to any other type of mining operation where the same ob-
ljectives are desired. None of fhe stated details describing coal
mining operations or any other features should be used to limit
the scope and spirit of our invention which is to be measured only

by the claims which follow.

11
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tle claim: ,
1. A continuous mining machine asscmbly cowprising:

a main machine body for moving said assembly with
respect to the mine face;
l a support boom movabiy connected to said machine
body near its front end; .
a rotatable cutting head operatively mounted on
said boom near the end opposite to where it is connected to said
pody and movable vertically therewith, said head having a body
hose outer cross-sectional configuration resembles an equilateral
triangle, said head also having material retaining recesses;
a bridge conveyor extending and movable in the same
direction as said boom for receiving cut mined material discharged-
from the head and transﬁorting said same material away from th;
FMefwm and
follower means connecting said bridge conveyor to
said cutting head for causing said bridge conveyor to follow the
rotation of said rotating head and to remain in substantially the
same m#terial receiving relative position with respect thereto,
2. The assembly of claim 1l wherein said cutting heaq
comprises: ' . .
at least one cutting bit extending from each of the
apexes of the equilateral triangle body and said material retain-
ing means is formed by recesses within the body forming the sides
of the equilateral triangle for m;mentarily retaining cut mater-
jial therein during at legst part of the head's rotational cycle.

3. . The assembly of claim 2 also inclvding means for

rotating said+head in the boom which upon rotation.éf said cutting
Lead causes its bits to transverse a gencrally square trajectory
When viewed in the same cross~sectional direction as the hecad's

lequilateral triangle.

12
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4. The asscmbly of claim 1 wherein:
said follower means comprises a track mounted on
said hcad and a freely mounted track follower extending therefrom
towards said bridge conveyor.

5. The assembly of claim 4 wherein 5aid track follower
is pivotally mounted to a roller vhich is operatively associated
with the bridge conveyor. .

’ 6. The assembly of claim 1 wherein said bridge conveyor
is a movable elastic belt, and also including biasing and pivoting
means attached to the bridge conveyor at its end remote from said
head to keep the bridge conveyor belt taut and to allow said con~
veyor to be moved in a vertical direction.

7. The assembly of claim 1 also including a material
gathering pan attached to the lower fromt end of said machiné
body; . ‘

material gatherding arms within said pan to convey
materials deposited therein away from the mine face; and

a main conveyor system operatively associated with
the discharges from said bridge conveyor and material gathering
arms to move material further away from the mine working area.

8. The assembly of claim 1 also including a second
identical bridge coﬁveyor with its own associated second cutting
head disposed on the opposite side of the support boom; and

_material directing means to guide the discﬁarges
from the bridges conveyors to a common output.

9. A method of mining material with a continuous mining
machine having a rotatable cutting head whose cross-sectional con-
figuration resembles a Reuleaux triéngle comprising the steps of:

sumping said head while it is rotating into the mine
face beginning necar the mine floor to cut out a box cut therein

fwhen viewed in cross~scction;- and

13
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after sumping said hecad substantially its entire
depth, steering the mine face in an upward direction substantially
the same depth as sumped, withoqt removing the hcad, up fo the
mine roof, '

10. The method of claim 9 wherein said sunping step
takes place in a generally horizontal plane to produce deep lincar
cuts which are perpendicular to the bedding planes as said cutting
head cﬁtters cut on the up stroke at the mine face; and

said shearing step takes place in a generally vertical
plane to produce deep linear cut; parallel to the bedding planes
as said linear cutting head at its upper side rotates towards said
continuous mining machine.

11. The method of claim 9 also including the additional
steps of trapsporting the cut material away from the mine face by
a movable conveyor located adjaceht the discharge from the cutting
head; and . . -

oscillating the front end of the conveyor s0 that
it follows the rotation of the cutting head to remain substanti-
ally at the same discharge area therefrom.

12. The method of claim 11 also including the step of
collecting the cut material in the cutter head on the cutting
head's upstroke and retaining it there before transporting it to
the conveyor located downward of the head.

13. The method of claim 11 including the step of guiding
said deposited cut material from the discharge end of the movable

conveyor to a main mine conveyor system.

14
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