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FOREWORD 

Th is report was prepared by FMC Corporation, Engineered Systems Divis ion, 
Santa Clara, California, under USBM Contract JO265O1O. 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, 19 7 7. 
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EXECUTIVE SUM MARY 

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 1s Twin Cities work are reported 

in a Bureau Report of Investigation (RI 8185) titled 11 Reduction of of Dust 

and Energy During Coal Cutting Using Point-Attack Bits, 11 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 W.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 Re search 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 linear 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: 

e A 31-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 

e 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: 

• 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. 

• From initial evaluation, 600 horsepower is necessary to operate the head 

at 10 rpm. The large st 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. 

e The estimated weight of this concept is 130,000 pounds. Based on a 

$3. 06-per -pound projected production cost, this machine would co st 

$398, 000 as a production model. 

These drawbacks led to consideration of the ramifications of designing the 

LCRH to cut at a 3-inch depth. The results of this analysis have been ex­

tremely encouraging and are beiefly summarized as follows: 

• 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, 
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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. 

• Again comparing a CMM cutting 3 inches deep to the LCRH, if both 

machines were designed for equal production rates, the CMM would 

use 33 to 6 7 percent more power and generate 200 to 3 00 percent 

more ARD. 

• 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. 

• Laboratory cutting tests have been conducted for 3 -inch depth of cut; 

therefore, the necessary forces are known. 

• 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, 

• ARD generation is dramatically reduced over that of existing CMMs 

and CMMs designed for deep cutting. 

• 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 LCRH 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: 

• The new cutter boom can be retrofitted to mo st existing CMMs. 

• No chock system or sumping rig is necessary; the SSH retains the 

manueverability of existing CMMs. 

• Large coal size is produced by deep linear cutting bits. 

• Production in tons per shift is equal to that of existing CMMs. 

• 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. 
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• Methane ignition due to cutting bits is eliminated, 

• 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 LCRH 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 becomes available, and if it is still considered 

favorable, a full-scale prototype LCRH 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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II 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 JO26501 O, 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, 11 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 I 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 1S CONCEPT - USBM FIRST-GENERATION 
CONSTANT-DEPTH LINEAR CUTTER DESIGN 

Figure 4 ARTIST 1S CONCEPT - USBM SECOND-GENERATION 
CONSTANT-DEPTH LINEAR CUTTER DESIGN 
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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 CDLCH 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 Mining Machine, 11 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: 

• It is feasible to engineer and build a production CDLCH mining machine 

that is acceptable to the industry? 

• 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? 
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e Can airborne re spirable 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? 

e 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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Ill 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. 
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• 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. 

• The force 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 (LCRH) 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: 

e 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: 

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

• 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 LCRH 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: 

• 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 

o 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 

Table 1 CUT COAL TONNAGE 
RES UL TS 

Total lifts Lift time Tons per 

CMM 6. 73 3 8. 1 646 

LCRH 8.43 25.0 849 

shift 

restricted by the haulage, ventila-

tion, bolting, and lift distance of 

the mine plan. 

A 31-percent increase from the 

LCRH is due to faster lifts that 

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 gene rated 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 

CMM 

Total ARD generated 886 
(milligrams per ton) 

Percent reduction - -
ARD at peak 3,030 
(milligrams per minute) 

Percent reduction --

SSH 

so 

93 

204 

93 

LCRH 

100 

89 

900 

70 

The first line in Table 2 

shows the total ARD gen­

erated for every ton of 

coal cut; the third line 

shows the dust produced 

per minute at peak points 

in the cutting cycle. For 

the self-sumping head 

concepts, 9 3 percent is 

cons is tent 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 

• Shear cutting 

• 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 LCRH 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 LCRH 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 LCRH 

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: 

• 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 design lead to the conclusion that 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 gene ration 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 gene rated 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: 

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

• 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 LCRH design concepts. 

The first evolved 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: 

• The deepest possible cuts are desirable from a specific energy 

standpoint. 

• Less airborne respirable dust per ton of coal is generated. 

• 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 overburden 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 ENG I NEERING FEASIBILITY 

4. 1 PREVIOUS STUDIES 

The most recent researcli. 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 I 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: 

• Point-attack bit forces required to sump and shear various bit configura­

tions into or through coal 

• Airborne respirable dust generated during cutting 

e Variations in forces and generated dust as the coal type and depth of 

cut vary 

• 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. S, 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 relc;l.tion. 

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 cleats, 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 re search 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 a 

is defined as the angle made by the front face of the pick with respect to 

the normal to the direction of the cut. 

a = RAl<E ANGLE 

-------- TOOL Pl\ Tl! 

·P = CUTTING FORCE 

BACK CLEARANCE ANGLE. l N NORMAL FORCE 

Figure 5 CUTTING TOOL SCHEMATIC 

The clearance angle ( ~) 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 bhe clearance angle is increased 

from Oto 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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CUTTING FORCE 

(a) a=20° 13=0° d = 0.4 IN. 

~~~~ C UT1· 1 NG FORCE 

(b) a= 5° p = 15° d = 0.4 IN. 

--,,----v......,_,..._.._..,_.>-""'-..,.--..-....,.,,.,,._..r-___ NORMAL FORCE 

(cl a=20° 13 = 5° d = 0.3 IN. 
NORMAL FORCE 

--1A~t~~~TTING FORCE 

(dl <>=45° 13=15° d=0.31N. 

Figure 6 TYPICAL FORCE RECORDS 
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Figure 7 MEAN CUTTING FORCE 
VERSUS 
CLEARANCE ANGLE 
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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. 
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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. Pomeroy6 

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, Pomeroy 6 summarizes, 11 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. 11 

4. 1. 2. 3 Bit Shape 

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

British· Research has shown 4 , 2 , 7 that the efficiency of a bit increases as 

the angle on the £ace 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. I£ 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 £act, 

been isolated as a significant £actor 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.l Forces 

As previously mentioned, information on the forces involved in cutting coal to 

a depth of Oto 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 beeri 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 5 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 express ion for cutting force 

for a sharp wedge is 

p = Ztd sin (8 + <I>) 
1 - sin (8 + <I>) 

where p = peak cutting force per unit width of wedge 

t = tensile strength of coal 

d = depth of cut 

e = semiangle of wedge 

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

Q = 

Q = 

Q' = 

P + tan ( cp - a) 

normal force 

rake angle. 

In conjunction with the equation for cutting force, this gives a correct form 

for normal force, falling to zero for <p = a and becoming negative for 

greater values of a. Again, these equations generally agree well with ex­

perimental results, although at times they deviate widely. 

The nature of the foregoing discuss ion 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: 

o Maximum force: 8, 800 pounds 

o Mean force: 3, 3 00 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 
I 

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, 1, 9, 2 , 20 has been gathered indicating that 

as depth of cut increases specific energy decreases. Also, as bit spacing 

tends toward an optimum, specific energy decreases (Figure 11 ). 
20 

In addi­

tion, the production of fines (Figure 12) 8 is accompanied by the expenditure 

of more energy in their production. 
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Concerning machine design and specific energy, Pomeroy 8 states, 11 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. 11 

4. l, 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). 
12 
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I. Evans 13 best sums up the importance of spacing, stating, 11 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. 11 Empirical 7 and theoretical 13 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 13 

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 express ion is used: 

tan a = 1 / 5 [ k + (k2 + 2 0) 1 / 2] 

where a = splay angle 

w = width of tool 

d = depth of cut 

k = w/d. 

Furthermore, line spacing (s) is described by 

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). 8 

• Respirable specific dust decreases with depth of cut (Figure 15). 14 

e The greatest dust generation per ton of coal mined occurs at cuts 

less than 1 inch deep. 

e Specific energy decreases with increased depth of cut. 
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4, 1. 3. 5 Characteristics of the Rotary Cut 
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As part of the study of deep, constant-depth cutting, the Bureau 1s 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 (0 1) 

relative to the bedding plane of the coal continuously changes as shown 

in Figure 16. ZO For a fixed angle of attack a= 45 degrees, 01 would range 

from -45 degrees (entry) to +135 degrees (exit) during 180-degree rotation 

of the head, This shows clearly that a is equal to 01 at 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 <p. Figure 17 shows that the depth of cut at <I>= 0 is zero ( entry) and 

the depth increases to a maximum at <I>= 90 degrees. The depth of cut from 

90 degrees to 180 degrees is a mirror image of the graph in Figure 1 7, 
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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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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 O 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 extrapolated (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 I 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 LCRH 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: 

• 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 1 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, 

a Lee-Norse 455 hard-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 ( l, 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 SUM MARY 

Location in Te:,d: HP for 

I 
HP for 

I 
Total I Calculated 

I 
Retrofit 

Concept Description 611 Depth 3" Depth Weight Tons Per To Existing I Remarks 
Engineering Economic of Cut of Cut (Lbs) Shift CMM 
Feasibility Factors 

u.:;,~I 
I I 600 I I 130,000 I I 

No 

I 
High production 

Cutting + : 4.3.2 4.5.5 450 1314 

Rotary~-----' 
4. 6 849 Low airborne respirable dust 

He~ 
4. 7. 2 

~~ 
Self-Sumping 

_/~I I 
I I I 88,000 I I 

Head 4. 3. 1 4. 5. 4 300 NC 505 Yes 

I 
Production matching existing CMM 

4. 7. 1 Simple, reliable head mechanism 

:1 I No sump rig jacks required 
I 
I __ ; I 

~I 
A A 300 NC NC 549 Yes Good production but 

u, 

~ ) 
requires sump rig jacks 

..t::s 
and head is complex 

Chai~_,..,,...,,..,.,. d~ 
A A 300 NC NC 671 I Yes I Good production but chains 

are a high maintenance item 
Large head hard to maneuver 
and limits visibility of face 

A I A I 400 I NC I NC I 303 I Yes I Complex cycle, thus long cycle 
time yields low production. 

NC= Not Calculated A =Appendix 
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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 pres sure 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. 

• 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 posit ion. 

• 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 

CC Ms. This system allows full benefit of the operator I s feel and vis ion 

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. 

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

3.:.inch-diameter rods 

• 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 250S-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 

• Four 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: 

• Head 300 

• Gathering head and conveyer 60 

• Tram 70 

• 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 

24) sumps two bits, 15, 000 

pounds each, for a total re­

active force of 30, 000 pounds. 

Using a 20-inch-diameter 

sprocket, the necessary 

cylinder force (F) is: 

22 
F = lO ( 30, 000) 

= 66, 000 pounds. 

HEAD HP= 3D0 

Figure 24 

30 PSI 

TORQUE ' 
66,000 LBS 55,000 FT - LBS 

,,t1·· 
(( (!. ;,;;.,&\',.})jbii..>,2.-\4~,,'? 

FORCE DIAGRAM, 
SELF-SUMPING HEAD 

Cylinder force - chain pull = 66,000 pounds. 

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

cylinder (As) = 
66, 000 pounds 2 

l, 500 psi = 44 inches . 

For a 3-inch-diameter shaft: 

<rA= axial stress= 
66,000 

(3. 1416)(1. s? 

Diameter of cylinder (d) = · (As + R 2 
2V rr 

= - I 44 + (1. 5 r 
2 v· 1T 

= 8. 06 inches. 
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Let diameter = 8. 5 inches 

Maximum rotation of head= 216 degrees 

Circumference of sprocket = 62. 8 inches 

Cylinder stroke 
216 

= 360 (62. 8) = 37. 7 inches. 

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: 

143 6 Cylinder stroke= -- 37. 8 = 24. 9 inches. 
216 

d 
24. 9 inches 

Cylinder spee = ---'----- = 
2, 15 seconds 

11. 6 inches per second 

Hydraulic flow: 

Rate (Q) = 
1JTD 2 V 

4 

= (rr)(8, 5/(11. 6)(60) 
(4)(231) 

= 171 gpm. 

Working pressure = 
66,000 

2 
(rr)(4, 25) 

=l,163psi. 

Horsepower = (171)(1. 163) = 116 hp, 
(1,714) 

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

Wl = 68, 000 pounds Fx = FC0S0 

W2 = 20, 000 pounds Fy = Fsin0 

F = 120,000 pounds For= 0 = 45 degrees 

Fx = Fy = 84, 840 pounds. 
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Ay = Wl + W2, 68,000 + 20,000 = 88,000 pounds. 

Ax = frictional force = µAy = (88,000) (0, 5) = 44,000 pounds. 

I; Fy = 0, Ay - Wl - W2 + Fy - By = 0 

By = -Wl - W2 + Fy + Ay 

= -88, 000 + 84,840 + 88,000 = 84,840 pounds. 

I; 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. 

. 50 000 Ac= area cylinder= ' = 33, 3 inches. 
1,500 

Diameter= 
2 

0 

2
~ 0 6,Sinches, 

84,840 
Roof pres sure = -----'---­

area of top pad 
= __ 8_4_,_8_4_0 __ = 3 0 psi. 

(10)(12)(2)(12) 

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. 2 5, and 1 0 inches , 

. 10 + 8, 25 + 7 + 6 
Average diameter (DA) = 

4 
= 7. 81 inches . 

ir(DA) 2V 
4 

Flow rate (Q} = 

= 
(ir)(l2)(7. 81) 2 (60) = 

149 (4)(231) gpm. 

Total shear hp = 

Pressure (P} = 

(2)QP 
1, 714 

50,000 
2 (ir) (3. O) 

== 1,768 psi 
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Total hp = (2)( 149)( 1. 768) = 307 hp. 
1, 714 

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

divided by the total time in use. 

RMS (hp) = I;(h:e) 2 (t) 
total time 

RMS (hp) 
[(307)

2
(2. 5)] 

= 20. 31 = 1 70 hp. 

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

the head under maximum load. 

Total power: 

Head 

Gathering head-conveyor 

Tram 

Hydraulic pump 

Total 

300 hp 

60 hp 

70 hp 

50 h:e 

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 as sure 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 (30psi £or 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 general 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

miss ion 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 £or 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 £or 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 productibn and minimize coal dust, 
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Figure 27 SCALE MODEL, LINEAR CUTTING ROTARY HEAD CONCEPT 
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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: 

• 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 des ired 36 inches. 

e High gear loading. 

• Difficulty of sealing mechanism against dust and moisture. 

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

The cutting head subassembly specifications are as follow: 

e Head rotational speed: 10 rpm 

• Depth of cut: 6 inches 

• Cut pattern: straight-line (part of Cardan curve) 

• Load on an individual bit: 15, 000 pounds 

• Number of bits: 24 

• Bit arrangement: three groups of eight bits located at O 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 11 pure 11 Cardan motion, 
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To further simplify the 

design, one of the eccen­

tric shaft mechanisms 

was replaced with a 

linkage bar that recipro­

cates back and forth 

(Figure 30). With this 

design, the counterclock­

wise motion of the center 

of the cutter head will 

follow an oval rather than 

a circular path. 

F,igure 30 AL TERNA TE CARDAN !MECHANISM 

The resulting modified 

Cardan rectangular curve 

is satisfactory for linear 

cutting. See Figure 29. 

ECCENTRIC SHAFT 

~ t ,, I 

CCW ECCENTRIC MOTION 

CARDAN CURVE l CUTTER HEAD _ l SHAFT 

( --1--

I 

I 
\___ -

CW ROTATION 
OF HEAD 

Figure 31 FOUR-BAR-LINKAGE CARDAN MECHANISM 
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4. 3. 2. 3 Mining Sequence (6-inch cut) 

Refer to Figure 32, The sequence is as follows: 

e The shear shoe with supporting cylinder is retracted. 

• The cutting head is raised to the roof by extending the two lift cylinders. 

o The cutting head is rotated at 10 rpm, 

o 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. 

o 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, 

e 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, 

e When the shearing operation is completed, the roof shoes of the sumping 

rig are extended to the roof. 

e The cycle is repeated. 

SUMPING RIG 
LOCATION, 
STEPS 1 - 5 

MINING MACHINE 
LOCATIONS 

SUMPING RIG 
RELOCATED, 
STEPS 6 - 10 

1 2 3 4 5 6 • 13 

SHEARING 
STEPS 6 - 13 

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: 

• 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 trans miss ion train to the drum drive. See Figure 33. 

INTERMEDIATE 
SUPPORT 

CUTTER BOOM 

300-HP WATER-COOLE0 
1, 750-RPM MOTOR 

Figure 33 POWER TRAIN 

CUTTER HEAD 

----
j, 

GEAR REDUCER 
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• Eccentric 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. 

• Cutter Boom For Cutting Head 

The cutter boom will be conhected 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. 

RECIPROCATING 
l\10TION 

/ 

;L------

CCW ECCENTRIC 
MOTION 

MINER BODY FRAME 

Figure 34 MECHANICAL SCHEMATIC 

• Intermediate Support Frame 

CARDAN CURVE 

CUTTER HEAD 
SHAFT 

INTERMEDIATE SUPPORT FRAME 

LIFT CYLINDERS 

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. 

ROOF SHOES 
AND CYLINDERS 

SUMPING CYLINDERS 

130 000# 

Figure 35 SUMP AND SHEAR FORCES 

• Sumping Rig 

SHEAR SHOES 
AND CYLINDERS 

The sumping rig subsystem is required to advance the miner at a rate of 

15 feet per minute during the sum ping 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. Equipment 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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• 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 

compcments 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). 

60,000# 

DRUM, 10 RPM CW, 160,000 FT-LB 
305 THEORETICAL HP 

180, 000# 

96 11 48 11 

ECCENTRIC, 30 RPM CCW, 45,000 FT-LB¾ 
91 THEORETICAL HP -

Figure 36 FORCES AND POWER REQUIRED 

1611 

120,000# 

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 

e 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 

• Eccentric 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: 

• Total theoretical horsepower required: 396 

• Estimated total cutter boom power required (66 percent efficiency): 

600 horsepower 

• With load divided between two motors, electric motor size: 300 

horsepower. 

Currently, Louis Allis Divis ion of Litton Industrial Products, Inc., specially 

produces a ZOO-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 HOl 22039, 

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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• Sumping Rig Roof Shoe Cylinders (2) 

Total vertical force required: 130, 000 pounds 

Cylinder diameter: 12 inches. 

e Sumping Cylinders (2) 

Total horizontal force required: 130, 000 pounds 

Cylinder diameter: 7. 5 inches 

Hydraulic flow rate: 70 gpm 

Theoretical power requirement: 60 horsepower. 

e Tram 

Total power required: 70 horsepower. 

• Conveyer and Gathering Head 

Total power required: 70 horsepower. 

• Other Hydraulic Functions 

Total power required: 50 horsepower. 

In summary, the total peak power requirements would occur during the sump 

cut and are: 

• Head cutting: 600 horsepower 

• Conveyor: 70 horsepower 

• Sump cylinders: 60 horsepower. 

The total power requirements of the LCRH are: 

• Two 300-horsepower electric head morots: 

• One ZOO-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: 

• Total 

600 horsepower 

150 horsepower 

750 'horsepower. 

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

following data: 

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

• Number of bits: 42 

e Number of bits simultaneously cutting: 14 

e Bit spacing, centerline to centerline: 8. 85 inches 
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• Head rotational speed: 25 rpm 

• 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 

• Electric hydraulic system, 200 horsepower 

• Total 

4. 3. 2. 6 Trailing Cable Requirements 

450 horsepower 

200 horsepower 

650 horsepower. 

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. 

• Length of cutting tool: approximately 8 inches. This provides a 2-inch 

clearance between drum body and coal face. 

• 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 

studies 20using 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. These tests were conducted in various coal seams under 

varying conditions and test procedures, Although collected data correlates 

well within individual tests, collectively it varies widely. For example, 

in five tests, the mean ARD generation is 5, 16 0 milligrams per ton with 

a standar.d 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/ 

1ncter3 ton 

TCMRC Illinois 52 to 60 IH,L 176 to Constant Ca lcu lated values 
laboratory Number 6 optical 812 1- inch which do not in-
data Pittsburgh 59 san1pler depth cludc: falling coal, 

regrinding, ga th-
ering arn1s, or 
fanning action 

Illinois 52 to 60 B&L 591 to Ca lcu- Includes regrinding 
Number 6 optical 2,664 lated only from above 
Pittsburgh sampler rotary Lis ting 

TCMRC Pittsburgh 59 GCA, SRI 895 to 60 rpm Short test cycles 
micro- 1, 307 at 1- inch only may have in-
miner depth fluenced distribution 

on low side 

TPR96 Sewell 100 SRI 290 Rotary Depth of cut calcu-
Matta 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 5 1 rpm 

RRI Pittsburgh 59 SRI 1 to 3 NIA 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 in1pingers, 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 as sump­

tions. If any conclusion can be drawn from a 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 

Total ARD generation, mg/ton 886 60 

Percent reduction -- 93 

ARD generation, cutting only, mg/ton 798 16 

Percent reduction - - 98 . 
Return air concentration,~' mg/meter 3 98.00 3. 14 

Theoretical room concentration, mg/meter 3 65.00 2,61 

Average cutting rate, ~o:, tons/minute 3.42 3.41 

Average ARD generation, mg/minute 3,030 204 

Percent reduction -- 93 

Peak cutting rate, ~o:,~, tons/minute 7. 5 4.5 

Peak ARD generation, mg/minute 6,679 267 

Percent reduction - - 96 

i.<3, 000 cubic feet per minute return air flow, brattice 4 feet from rib, 6-foot seam. 
i.<*Average cutting rate of miner while performing cutting and noncutting functions. 

~,t,,~<Peak cutting rate is rate of cutting only. 

4. 4. 1 Existing CMM Dust Analysis 

LCRH 

100 

89 

56 

93 

21. 00 

17.60 

9.00 

900 

70 

18.0 

1, 800 

73 

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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Sump-70% 

5-1/2' Seam 
Load 10% 

Shear 20% 

Figure 40 SOURCE OF DUST GENERATION DURING 
CONTINUOUS MINING. MACHINE CUTTING CYCLE 

Total 886 mg/ton 

Regrind 443 mg/ton 

6' Seam Load 88 mg/ton 
Ill. No. 6 Coal Cutting 355 mg/ton 

Figure 41 THEORETICAL CONTINUOUS MINING MACHINE DUST PRODUCTION 
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Total 60 mg/ton 

93% Reduction . 

6' Seam 

Ill. No. 6 Coal 

Brushing 2 mg/ton 

Load 44 mg/ton 

Cutting 14 mg/ton 

Figure 42 SELF-SUMPING HEAD DUST GENERATION 

Total 100 mg/ton 

89% Reduction 

6' Seam 

111. No. 6 Coal 

Crushing 44.3 mg/ton 

Loading 44 mg/ton 

Cutting 11.7 mg/ton 

Figure 43 LINEAR CUTTING ROTARY HEAD DUST PRODUCTION 
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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: 

• Sump = 70 percent 

• Shear = 20 percent 

• Load = 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 

• Sump = 20 percent 

• Load = 10 percent 

• 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 express ion: 

shear cut 
shear distance 

20 percent 
907 inches 

0, 022 percent 
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 + 0. 2 + 0. 1 = 100 percent. 

Bit cutting distance percentage: 

Length sump = 42 percent = ls 

Length shear = 58 percent = lsh .. 

Regrind = 100 percent PL - ls PS - lsh PSH 

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

(20 percent) 

= 1. 0 - o. 1 - o. 42(. 7) - o. 58 (0. 2) = o. 49 

= 49 percent. 

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 laboratory data and assumptions. 

Data from the Bureau 1 s Twin Cities linear cutting laboratory test: 

• Seam: Illinois Number 6 

e Dust production: 1. 05 x 10 8 µ 3 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 

• 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 I -inch maximum depth, the total linear distance traveled 

by the bits to remove 1 ton of coal will be 2, 700 feet 

• Coal mass: 80 pounds per foot. 3 

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. 

Dust production= (2, 700)(1. 05 x 10 8µ 3 ) 

3 
= 2,83 x 10 inches~= 355 milligrams per ton, 

ton 

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 

• Shear = 20 percent 

• Load = 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: 

• Cutting = 40 percent = 355 milligrams per ton 

• Regrind = 50 percent = 443 milligrams per ton 

• Loading = 10 percent = 88 milligrams per ton 

• 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 SO-percent 

reduction in ARD due to loading can be expected for the SSH. Therefore: 

• Cutting = 14. 0 milligrams per ton 

• Brushing = 2. 0 milligrams per ton 

• Total = 60. 0 milligrams per ton. 

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

h 
886 - 60 

X 1 QQ -- 93 t percentage c ange = 
886 

percen • 

The conclusions listed above are based on the following assumptions and 

calculations for the self-sumping head: 

e 1. 05 x 10 8 3 respirable dust is produced at I-inch depth of cut per 

linear foot cut (from previously mentioned Bureau laboratory tests). 

• The above dust level increases 17 percent per inch depth of cut 

(established by Bureau laboratory tests). 

• 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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CUTT ING PATH OF SSH 

6' 43 1/2 11 

6" 

5" 

Figure 44 CUTTING PATH OF SELF-SUMPING HEAD CONCEPT 

Table 6 SELF-SUMPING HEAD PARAMETERS 

Depth of cut, Distance cut, T )tal Dust, Total dust, Coal cut, 
inches inches distance µ3 /foot µ3 tons 

(8 bits), 
feet 

0-1 9.0 6. 0 1. 05 X 108 6,3 X 108 

1-2 4.5 3. 0 1. 2 x l 08 3.7 X 108 

2-3 6.6 4.4 l. 4 x l 08 6. 2 x l 08 

3-4 12.0 8.0 1. 6 X. l 08 l. 3 X 109 

4-5 9.0 6. 0 1. 9 x l 08 l.lxl09 

5-6 12.6 8.4 2. 2 x l 08 l.8xlo9 

6 45.0 30.0 2. 3 x l 08 6. 9 x 1 o9 

Total l.3xlOlO l. 15 

1 3 10 10µ3 . bl d, .014 gram 14 .11 . , x resp1ra e ust per cut= ton = m1 1grams 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 

LCRH concept. Number 

1 is the 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 

severe dust geneneration 

of regrind, and will not 

Figure 45 

6 
- ---•·-· ··----· .... 

', 7 
'\, 

I I 

12 

CUTT ING PATH 
OF LCRH CONCEPT 

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. 
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Regrind 

60 RPM 

Figure 46 COMPARISON OF DUST GENERATED BY CMM AND LCRH 

Total projected dust production is as follows: 

• Cutting = 11. 7 milligrams per ton 

• Crushing = 

• Loading = 

• Total = 

44. 3 milligrams per ton 

44. 0 milligrams per ton 

100. 0 milligrams per ton 

886 - 100 
Percent change = 

886 
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: 

• 1. 05 x 10 8 µ3 of airborne respirable dust (ARD) is produced at I -inch 

depth of cut per linear foot cut; this value increases 1 7 percent per 

inch depth of cut increase, based on previously mentioned Bureau 

laboratory tests. 

• The LCRH 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. 
8 3 

e For a 6-inch cut, dust generation per linear foot is 2. 3 x 10 !J. • 

Total dust generated due to cutting: 

3 
(2. 3 X 10 8~ (288 feet) = 6. 62 X 10 8 3 

or 
6, 62 X 10 10 µ3 

7. 2 tons 

3 
= 9. 2 x 109 ~ 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: 

• CMM Cutting = 355 milligrams per ton 

Regrind = 
Total = 

• SSH Cutting = 

Brushing = 
Total = 

e LCRH Cutting = 
Crushing = 
Total = 

• SSH percent change = 

443 milligrams per ton 

798 milligrams per ton. 

14 milligrams per ton 

2 milligrams per ton 

16 milligrams per ton. 

11. 7 milligrams per ton 

44. 3 milligrams per ton 

56. 0 milligrams per ton. 
798 - 16 

798 
x 100 = 98 percent reduction in ARD 

generation due to cutting. 

• LCRH percent change = 7 9 8 - 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 machi11.e 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 

long, a room large enough to house a 

coninuous miner. Evenly distribute 

peak ARD generation for 1 minute in 

the room, and the comparison of 

Table 8 results. 

Table 8 

Miner 

CMM 

SSH 

LCRH 

DUST CONCENTRATION 

Dust generation, Coal mined, 
mg/meter 3 tons 

65, 00 

2.61 

17.60 

7. 5 

4. 5 

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 H0l 22039). 

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 LCRH 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 mo st 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 LCRH 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 LCRH 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 

Depth of cut (inches) 

Weight (pounds) 

Length (feet) 

Head width (feet) 

Head speed (rpm) 

Torque (foot- pounds) 

Power (hp) 

Peak cutting rate (tons per minute) 

ARD generation (calculated) (mg/ton) 

ARD generation (actual) (mg/ton) 

Number of bits . 
Bit spacing (inches) 

,:,Average value 2- to 3-1/2-inch depth of cut, all speeds, 
,;":'Calculated from TCMRC linear cutting tests, 

,:":":'HO-122039 draft final report, maximum torque, 

99 

LCRH 

3 

130,000 

35 

1 o. 33 

25 

55,000 

450 

22.7 

113 ~' 

14 

9 

Deep-Cutting 
CMM 

3 

130,000 

35 

10, 33 

9, 18, and 51 

450 

8,4 

273,:, 

30 
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It is obvious from the table that a wide discrepancy exists between the cal­

ulated data and the actual 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 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 LCRH 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. 

e The sump jack unit at the back of the miner could be eliminated. 

e The machine would be easier to maneuver. 

e High levels of production would continue to be excellent. 

e ARD reduction would continue to be excellent. 

The following is an analysis of the power requirements and ARD generation 

levels for an LCRH 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 

Miner 

LCRH 

CMM(A) 

CMM(TH) 

LCRH 

CMM(A) 

CMM(TH) 

LCRH 

CMlv!(A) 

CMM(TH) 

LCRII 

CMM(A) 

CMM(TH) 

LCRH 

CMM(A) 

CM~!(TH) 

LCRII 

CMl\l(A) 

CMM(TH) 

LCRH 

CMM(A) 

CMM(TH) 

LCRH 

CMM(A) 

CMM(TH) 

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

Head speed, Power, Peak Peak ARD Sump rate, 
rpm hp/hour cutting, mg/minute inches/ 

tons/minute second 

10 177 9.0 1, 017 1. 50 

10 99 3. 3 1, 419 o. 50 

10 46 3. 3 710 o. 50 

20 355 18. 0 2,034 2.25 

20 198 6.6 2, 838 1. 00 

20 92 6.6 1, 419 1. 00 

25 450 22.7 2, 565 3. 79 

25 247 8. 3 3, 569 1. 25 

25 115 8. 3 1, 784 1. 2 5 

30 533 27.0 3, 051 4. 50 

30 297 9.9 4,257 1. 50 

30 138 9. 9 2, 128 1. 50 

40 7l0 36.0 4,068 6. 00 

40 396 13. 3 5,719 2.00 

40 184 13. 3 2, 860 2.00 

50 888 45.0 5, 085 7. 50 

50 495 16.6 7, 138 2. 50 

50 277 16.6 4,278 2. 50 

60 1, 066 54. 0 6, 102 9. 00 

60 594 19.9 8, 557 3. 00 

60 277 19. 9 4,278 3. 00 

7-1/3 132 6.6 746 0,80 

20 198 6.6 2, 838 1. 00 

20 92 6.6 1,419 1. 00 

Depth of cut 3 inches. Wyoming seam coal. 

Specific energy, 
tons /hp 

0.050 

0.033 

0.070 

0. 050 

0.033 

0.070 

0,050 

0. 033 

0.070 

0.050 

0.033 

0.070 

o. 050 

o. 033 

0.070 

0.050 

0.033 

0.070 

0.050 

0,033 

0.070 

ARD generation, 
mg/ton: 
LCRH = 113 
CMM(A) = 430 
CMM(TH) = 215 

The two versions of the CMM are labeled CMM(TH) for CMM theorectical 

case and CMM(A) for GMM 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 Oto 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 20, 244 pounds. 

In Table 11 it can be seen that for a given rpm the LCRH 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 

LCRH 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, are 

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

LCRH would pro -

Table 12 

LCRH 

CMM(A) 

CMM(TH) 

COMPARISON OF DUST GENERATION 
AT 20-PLUS TONS PER MINUTE 

Ilead speed Power Percent Peak ARD 
(rpm) (hp) difference (mg/min.) 

25 450 - - 2,565 

60 594 +32 8,557 

L" vv 2'l7 -38 4,278 

Percent 
difference 

+233 

+66 

duce 22. 7 tons of 

coal per minute 

and generate 2, 565 

milligrams per 

minute of ARD. 

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 LCRH. 

If a particular mine has a serious dust problem, an LCRH will reduce dust 

and maintain a high production rate. For example, by operating an LCRH at 

10 rpm (Table 13) 

it could still pro -

duce coal at a 

rate of 9 tons per 

minute, For a 

CMM(A) to pro­

duce an equivalent 

amount of coal, 

Table 13 

LGRH 

CMM(A) 

CMM(TH) 

COMPARISON OF DUST GENERATION 
AT 9 TONS PER MIN UTE 

Head speed Power Percent Peak ARD 
(rpm) (hp) difference (mg/min.). 

10 177 -- 1, 017 

30 297 +67 4,257 

30 138 -22 2, 128 

103 

Percent 
difference 

--
+318 
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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 

LCRH 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 

LCRH 

CMM(A) 

CMM(TH) 

CMM(E) 

COMPARISON OF DUST GENERATION 
AT 6 TO 7 TONS PER MINUTE 

Depth of cut Head speed Power Percent 
(inches) (rpm) (hp) difference 

3 7-1 / 3 132 -56 

3 20 198 -34 

3 20 92 -69 

l 60 300 --

Peak ARD Percent Peak cutting 
(mg/min,) difference (tons/min,) 

746 - - 6. 6 

2,838 +280 6,6 

l, 419 +90 6,6 

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: 

• Base production potential study 

• Gantt productivity study 

• 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, 11 FMC, April 1975. 

Standard data: tramming rate = 35 £pm 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 SUM MARY - LOAD CYCLE (JOY 12CM CONTINUOUS MINER) 

Function Description Time.(seconds) Time (minutes) 

Load Step 1 Sump at L 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 0, D.) 

Step 3 Brush floor (remove cusps) at 2 inches 11. 6 
per second 23, 2 inches 

Total 49,8 o. 8 

Cleanup o. 3 

Return o. 3 

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 

considered. 

Table 16 includes time study report 

data gathered by FMC and other 

mining-oriented companies from 

actual in-mine studies. 

Mine studies have shown that of the 

total time available to mine coal, 

only a small percentage is effec­

tively used. Not all delays are 

caused by the continuous miner; 

and with this in mind, it is 

reasonable to expect similar 

Table 16 TIME STUDY REPORT 
DATA 

Number of Shifts Mining Time (minutes) 

4 143,0 

4 140,0 

4 143.2 

3 135. 0 

6 142,0 

5 129.0 

4 142, 0 

11 127,3 

6 117. 9 

8 135. 0 

Total 1,354,4 

Average 136 minutes actual mining time 
per shift 

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 I 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 

Start ( sel at face r<'acly to proceed) 

Sequential sumping of head +73 degrees Segment 1, 2 bi ts 

Segment 2, 2 bits 

Segment 3, 2 bits 

Segment 4, 2 bits 

Shear down 30 inches at 12 inches per second 

Sequential rotation of head +143 degrees Segment 1 

Segment 2 

Segment 3 

Segment 4 

Raise boom and rotate head -216 degrees 

Tram forward 6 inches 

Total 

Total coal cut per cycle: 2,310 pounds or 1. 15 tons 

M
. . (60 seconds) I. 15 t~ns 
1mng rate: . 3, 41 tons per minute 

20, 31 seconds ( 1 minute) 

Time (seconds) 

I. 09 

I. 09 

I. 09 

I. 09 

2. 50 

2. 15 

2. 15 

2. 15 

2. 15 

4.00 

0.85 

20. 31 

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 (number or 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 

V _ RW _ [l8Jfl0J[628J 
A- - [60) 

= 18. 84 inches/second 

= 18 inches/second 

A 

R 

I -o-

;] 

ds Time to remove (10 feet X 6 feet+ 3 feet}= (2)(12) = 24 secon 

Total coal removed:180 cubic feet=l4,400 pounds= 7.2 ton s 

Production 
72 

24160 = 18 tons per minute 

Cycle 
• Start at face,chocks set ready to sump 
• Sump in 3 feet 
• Shear down 
• Li ft boom tram back 3 feet 
• Lower and lift chocks 
• Tram forward 3 feet 
• Set chocks 

Total tons cut= 7. 2 
Total time = 48 seconds 

Time (seconds} 
0 

12 
12 

7 
5 
7 
5 

48 

- d -

d 

-- 2R 

Production potential 
7,2 9 tons 

For 136-mlnute shift: 1,224 tons/shift · 

48/60 = minute 

Bit change ratio 

Number of bits= 30 1;~ <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.~ Production Potential Summary 

Table 18 summarizes pro­

duction potential. The CMM 

and the SSH concepts are so 

close in mining rate (tons 

per minute) that they can be 

considered equal in production 

potential. The SSH miner 

provides a small advantage 

Table 18 

Miner 

CMM 

SSH 

LCRH 

PRODUCTION POTENTIAL 

Average Peak Available Tons 
cutting, cutting, time, per shift 
tons/ tons/ minutes/ 
minute minute shift 

3.42 7,5 136 480 

3. 41 4.5 148 505 

9,qo 18. 0 146 1, 314 

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 ttme due 

to bits. However, in many cases bits are changed during other d~lays, 

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 I-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: 

• 1, Sump 

• 2, Shear 

• 3, Remove cusp 

• 4, Shuttle car leaves 

• 5, Return to face-ready 

• 6, Sump 

• 7, Shear 

• 8, Remove cusp 

• 9, Shuttle car leaves 
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• 10, Cleanup (back tram, raise gathering table) 

• 11, Cleanup ( drop gathering table, tram forward) 

• 12, Return to face. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

100 FEET 

.---7 r--7 r--7 r·--7 
I I I I I I I I 
I I I I I I I I 
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NOTES: 

1. ENTRIES ON SO FOOT CENTERS. 

2, BREAKS ON 80 FOO l CENTERS. 

3, ENTRIES AND CROSSCUTS ARE 

20 FEET WIDE, 

4. V FEEDER EREAKER. 

5 ,-+-+-t- RAIL 

6.- - - - CONVEYOR 

7, RIGID AND FLEXl9LE DUCTING 
FOR VENTILATION 

8. 10 FOOT WIDE CUTTE.~ HEAD, 

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 pla.ces 

was estimated. From this information, the number of place changes per shift 

could be estimated and thus the productivity potential. The results show that 

£or 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 1 0L-18, 10-ton-capacity 

vehicles. The CDLCH cutting cycle is as follows: 

• 1, Sump 

• 2, Shear 

• 3, Shuttle car leaves 

• 2, Shear 

• 3, 

• 4, 

• 5, 

• 6, 

• 7, 

• 8, 

• 9, 

e 10, 

Shuttle car leaves 

Reposition and set up £or next cut 

Sump 

Shear 

Shuttle car leaves 

Cleanup (back tram, raise gathering table) 

Cleanup (drop gathering table, tram forward) 

Reposition and set up £or 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 

£or a two-pass mining ope ration and a 21-foot lift. A 21-foot lift was used 

rather than the 20-foot lift £or the CMM as a matter of convenience. The 

LCRH sumps 3 feet, while the CMM sumps 2 feet. The results show that £or 

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 

},,finer Total Ii ft Face time Place Total lifts Cqal cut Produc- Percent 
ti me (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 3 5 feet per minute rate: 

Cleanup: at 35 feet per minute forward and reverse 

B Travel rate (empty and loaded on level bottom): 4. 5 miles per hour 
Two 

Dump time: 0, 6 minute 
Joy 16SC 
Shutt! e 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; 
LCRH Reset for next cut= 0, 4 minute 
concept 

Trarnn1ing rate: 35 feet per tninute 

Cleanup: at 35 feet per minute forward and reverse 

E Travel rate ( empty and loaded on level bottom): 4. 5 miles per hour 
Two FMC 

Dump rate: 0, 6 minute 
l0L-18 
Shuttle Capacity per car: 7. 2 tons 
Cars 

Other time data Dimensional data 

A Travel time to section: 30 n1inutes A Five -entry sys tern 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 titne: 10 minutes 
C Mining height of coal: 6 feet 

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

F 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) 

than 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 devise~ 

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 2 0 COST STUDY RESULTS 
Continuous Shuttle Cars Roof Bolters Diesel 
Miner Locomotives Single Double 

Number Cost Number Cost Number Cost Number Cost Num.ber Cost 
in per in per in per in per in per 
sample pound sample pound sample pound sample pound sample pound 

($) ($) ($) ($) ($) 

Low Model 3 3, 82 4 2,47 2 2,45 NIA NIA NIA NIA 
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. 
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5. 5 PRODUCTION AND RETROFIT PRODUCTION KIT COST 

5. 5. 1 SSH 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 basis, 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 ( ave rhaul 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 HOl 22039. 
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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 

H0122039 129,000 

LCRH 130,000 398,000 30,000 19'), 000 

,:,Based on Table for ave rage 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-1 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 MINil\JG 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. 

124 



125 

l­
o.. 
w 
u 
2 
0 
u 
w 
u 
<( 
LL. 

I 

> 
... 

(.!J 
2 

s 
~ 
Cl 
(/) 

1-
(/) 

l­
e:::: 
<( 

r-1 
I 

<( 

(]) ,._ 
::s -~ 

LL. 



I-' 
N 
Ci' 

Figure A-2 LAYOUT DRAWING, V-FACE CONCEPT 

-- ----ii- -- ti== ~ 

CUTltlv'G UPP£/? FACE 

J_Qy__l_2 CM MI/\/ER 



• The lower cylinders are activated, extending the bits into the coal, 

shearing the 6-inch slice. 

to the £loo r. 

The reaction is taken through the cylinders 

• The shear stroke is determined by the seam height. 

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

• The lower cylinders are then swung out of the way and tucked close 

to the boom. 

• 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. 

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

e 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. 

• 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. 

• 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 original 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 

positioning cylinders, plus the 14 specialized bits. Major components and 

changes necessary to accomplish the retrofit are as follows: 

• Fourteen double-action, four-stage hydraulic cylinders, PMC 12,300 

6x5x4x3, Prince Manufacturing Corporation 

• Two 6-inch-diameter, 2-1 /2-foot-stroke boom cylinders 

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

determined) 

• Two 200-hp electric AC motors 

• Two 1 71-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. 

6 Feet 

N =12, 990 Lbs, 

I 
:15,000 Lbs, _;· ! 

3. 7 Feet 
£:7, 500 Lbs, 

Forces Acting on Each Cycle 

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: 1 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 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 

Reposition for cleanup (includes retracting head) 6,00 

Trd.m furw«rJ a,·,d clean up (3, 6 feet) 6. 17 

Return ( 3 feet) 5, 14 

Reposition (includes extending head) 6,00 

Totals 39, 71 I. 48 

Total coal per cul = (3, 7 feet)(lO feet)(O, 5 foot) 80 pounds per cubic foot= O, 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 MINIJ\f G 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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e 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 sump/ shear-down cycle, 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: 

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

head and boom assembly. 

e 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. 

e The boom will also be pivoted at the welded plate (1 7). The plate 

(7) will be welded to the machine frame. 

e A slide mechanism (11) will be attached to the boom and pivoted on the 

frame. 

e 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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• Two sump cylinders are pivoted at the chock bottom plates and connected 

to the front track sprockets. 

• 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, 2 7-inch-stroke hydraulic chock lift 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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times for a 21-foot lift are ca culated 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-8 is 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). 

,,, ,, 
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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) 

Culting A Sump 6 inches 6.00 

Shear 6 feet 6.00 

Return 5. 00 

Repeat A for a total of six cycles, Tin1e for 3-foot advance 102.00 

Chock Tram back 3 fc ef 5. 14 

Repositioning Lower and lift chocks 2.00 

B Tran, 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) 

T 
• 

6 4 
. 813. 4 seconds 

6 otal cutting cycles= x 7 = 2; cycle t1me = 
42 1 

= 19. 3 seconds per cycle 
· eye es 

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. 

Figure A-1O BIT CONFIGURATION l 

Full Shear: 
120,000 Pounds 

' 

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 

at a time, 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-11 shows Configuration 2, 

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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Figure A-12 BIT CONFIGURATION 3 

.Sump Force: 
60,000 Pounds 

Shear Force: 
r20, 000 Pounds 

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 because 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. 

e Sprocket 1 and 3 are positioned for the seam height desired. 

e The blades are in position as shown by Figure A-11. 

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

e 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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• Four- to five -inch hydraulic head adjusting cylinders (7) with 6-inch 

stroke. 

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. 

e Two 150-hp electric motors. 

• Two 49-to-1 gear reduction units. 

• 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 

e Total head power: 3'00 hp 

e Maximum sump force: 30, 000 pounds 

• Maximum shear force: 60,000 pounds. 

FT-LBS 
HEAD HP= 3.00 

Figure A-13 FORCED !AGRAM, CHAIN RIPPER 
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3. 5 CUTTThTG 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+ O. 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 _ 
4 54 

. t 
Cutting rate: 15 . 85 seconds - • tons per m1nu e 

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, 
I<. C. Strebig, and B. V. Johnson 
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APPENDIX 8 

PAT~NT APPLICATION SER[Af. NO, 604566 

SPt:CH'IC/\1'~ 

DE IT KHOI-IH, thil t WC, ~.'.'.LL/\CI:: W, nocr1:c, KELLY C. 

·STflI::DIG, und DMDLC'f V. JOHNSO:~ have invented a new and useful 

improvement in a NETllOD OF OI'CIU\THlG J\ CONSTJ\NT DCI'Tll LINi:/\fl 

CUTTING llE/\D ON }\ nETnOFI'l'TED CONTINUOUS MINING H/\CllINE of which 

the following is il specification • 

.ADSTRJ\CT 

A method 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 ·.1sual 

configuration of the 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 nWl'ber of bits, and also operating a 

combined sumping and shearing action without 

the bits exiting the coal face being c~t, lcss 

respirable dust is produced at the mine face. 

In addition to decreasing the dust and ar.iount 

of menthane gas - wher. coal is mined - which 

is liberated, our method also produces more 

coal on the average for each cut in the mine 

face by .dcc,pcr cons_tant dcp,:h cuts in the 3-

to 6- inch range by first sumping into the 

mine face and then shearing the face, without 

withdrawing or rotating the point attack bits, 

Sumping muy begin near the mine face roof or 

floor and shearing muy be in either a verti-

cal or horizontal direction with or without 

the aid of high presnure wntc1:. One modi[i.­

cntion call:; fer r:he.irin,; with two opposite 

cuttin9 heudr: movin<; to11,1rd~ the mine f.1ce 

cnnter. 
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lll\CJ:c.nou1m or 'l'llf. INVl:NTION: 

Ficl<l of the lnv0ntion: 

The invention described herein is a method for operatin 

a continuous mining machine with a lin,~ar cutting head having a 

new mechanical configuration. 

or::scr:IPTIO:l or TIIC Pr:IOR AI<T: 

Continuous mining machines employing_ cutting bits on a 

rotating head have been used for some time. Our invention employs 

a non-rotating type head with fewer bit:s modifying the previously 

used methods by first sumping into the mine face and then shearins 

the mine face without retracting the cutting bit from the mine 

face. Of the known pr;i_or 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 invention uses a wedging action 

to impact the bits and insert the cutters into the coal thereby 

breaking out large pieces and wi thdra1·1ing the cutting head fror.i 

the coal face to reinsert it for the next treaRage to occur by 

wedging action. Such a method would not only produce much less 

mined material per unit time than our invention but vould also 

produce more dust, both of which are contrary to the stated objec­

tives of this invention. 

SUi·l1-!J\RY OF Tl!E INVENTION: 

The continuous mining machine of this invention is moved 

to a position adjacent the m~ne face. Then beginning at the roof 

or floor of the mine face, the point' attack bi ts arc sumpcd into 

the face a given distance which is at least 3 inches. Next, with­

out retracting the cutting bits from the face, the face is contin-

uously sheared top to bottom or bottom to top across most of its 

full width in one pass and the material extracted is conveyed 

aw;,y from the f;,ce ilnd mine machine. Norm;,lly, ·the sumping into 

the mine foce is about G inches ,111d the she;,ring sub"t.:intially the 

tolill hci<Jht and width of the of the mine f;,ce. l\fter completing 

2 
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both stepn, the machine, l!:1 movc<l up to the mine !nee while the 

cutting bitn arc move<l t~ the roof or floor, again ntimpe<l into the 

mine face, and then 5lwaring takeo place. During this process the!' 

~xtracted coal is continuously being conveyed away from the mine 

face:'- This process continues until the <lesired amount of nt,)teri~l \ 

is extracted. 

The primary object of this invention is an improved 

method of extracting material from a mine using a continuous min-

in9 machine rctr·ofittcd with a constant depth linear cutter head. 

FIG, 1 is an energy profile graph for a rot,:ir1• head 

cutter. 

FIG. 2 is a schematic diagram of the steps to be taken 

to practice our
0

method in a mine. 

FIG. 3 is a side view of one type of cutting head usable 

to sump ancl shear. the material from a mine face. 

FIG, 4 illustrates a top view of the FIG. 2 cutting head. 

FIG, 5 is the illu~trated cutting head retrofitted on an 

c~i:;ting con'tinuou.s mining machine. 

J\lthough the inventiqn will be described with respect 

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

o.f mining operations faced with the same problems could conceivably 

I 

I 

I 
I 
i 

' i 
benefit. Before el.::borating on the details of the, invention, the 

problems it is directed to should be looked into, The· major pro!:)-

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 effi'ciency, If this could be ac-

compl~shed, then the next problem would be to increase production 

without sacrificing safety. . , 

One of the most widely used types of continuous mining 

machines (CCII) employs a rotary cutting head having 100 to 150 

bits an<l a bit rotational speed of about 60 revolutions per minute • 

.3 
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. 
'l'hcse cutting bits usu.:il~y pcnctr.:itc no more th.:in one inch into 

the co.:il mine (.:ice .:ind thereby procluce excessive quuntities of 

respir.:ible dust .:is they cut in the coal. Generally, they muy be 

thou9ht of as rotating shallow types of cutters. Research con­

ductecl by the United ::itatcs Dureau of Mines lws shown that by 

cutting with this type of rotary head and by imparting a lower 

number of revolutions per minute (rpms) to the heacl, less of this 

unhealthy and dangerous dust is productcd. Hm-1ever, to attain 

the lower nur.1ber or rpms needed and still achieve the depth of 

penetration desired presents a problem since not enough torque 

can be transmitted to the rotating head. 

The graph of FIG. 1 illustrates typical tests results 

obtained from a rotating cutter. It is the plot of the energy 

profile for a single plumb-bob bit with a bit attack angle of 

forty-five degree where there are two inches between the centers 

of cuts. The Y-axis shows the specific energy in joules per gra::i 

of 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 represent 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., the amount of 

energy consumed decreases as the cutting depth increases. If 

this conclusion is considered.in li~ht of a second finding -

namely that the amount of airborne rcspirablc dust generated is a 

cubic function of a cutters energy profile - then it can be stated 

as a corollary thnt using a rotary cutter is not the w.:iy to re­

duce dust. Tests h.:ive in fact shown th.:it th•~ less the depth of 

l'.he cut the greater will be the amount of·rcipirable du"t and 

energy per unit volume 9oner,1ted. When the depth of the cuts arc 

lesn th,1n one inch, the duct gener,,t:etl hn::: been shown to increa:::e 
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cxponcntl.11ly towar<ln il' maximum value il!l the depth of cut ap­

proache!l zero varying il!l the cuf,>e o( the energy curve in FIG, l. 

Our ilpproilch to overcome this problem has been to dev­

elop a deep cutting non-rotilry heild design which cuts the mined 

material ilt a constant depth. This il;?proilch will not only produce 

less <lust per cut but hils been shown to be more efficient in terms 

of reduced power consumption per volw;ie of coal removed. Further, 

less of the coill surface area will be gencrilted due to. the deeper 

cuts thereby li'berating less of the p,Jtentially explosive methane 

gas. To better illustrate the relationship between the cut depth 

and reduction of dust generated for a single bit on a rotary head 

making one comp.lete 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~gj 
I one pass at the face on a continuous mining machine (C:•'.1•!) greater 

than 65 percent of the cutting energy will be expended while pro- I 
I ~ucing at least 88 percent of the primary dust at the nine face 

in less than 15 percent of the total area of coal removed. Based j 
on our tests, we have concluded that the dust produced with a C!''-'I I 
can be decreased by increasing the depth of cut until an economic 

and engineering optimum depth between three and six inches is 

reached. 

Percentage of Area 
Between O ilnd 1/2 
Inch for Total Cut 
Arca 

100 
13.4 

3.2 
1,4 
0.77 
.so 
.34 

'l'1\BLE I 

Maximum Depth of 
Crescent Shaped 
Cut (Inches) 

0,5 
1.0 
2 
3 
4 
5 
6 

5 
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Percent Reduction 
of Dust Producing 
Arca, Between O 
nnd 1/2 inch 

0 
87 
')7 
98, 5 
99. 3 
99. 5 
99,6 



In order to «ohieve our objective of reduci11g the res­

pirable duat gener«ted at
0

the mine face and «t the Game time main­

tain or exceed ~ic four to seven tons per minute of the cut mate­

rial now expected from a CHM, it is necess,iry to modify the 

existing equipment available by eliminating the rotary head. It 

should be pointed out that an average production rate of 700 tons 

per shift is being achieved nationally. This means that only 2.1 

to 4.6 hours of machine time arc used each day, This low level 

of use is partially due to the fact that _any greater use would 

crcatc·excessive dust. 

Our invention addresses itself specifically to this 

problem since the low level of dust generated by our device will 

allow truly continuous operation without exceeding the standa!:'ds 

set out in the regulations implementing the Federal Coal Health 

and Safety Act of 1969 (Public Law ·91-17 3) as to the maximum 

amounts of respirable dust allowable. 

FIGS, 3 to 5 illustrate the preferred type of equip~ent 

which could be used to practice our me t!-,od. In FIGS. 3 and 4 a 

cutting head 10 having seven bits 13 that can sump int~ the coal 

scam and then shear it is illustrated. The spacing, d, between 

consecutive bits follows thc_gcneral 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 

sea,11 face under hydraulic pressure ilnd also up and down (or if 

desired side1·rnys) under hydraulic pr'.::ssure. It may also be de­

siri!ble to i!Ugment the cutting action of these bits with high 

pressure (10,000 psi or more) jets of water. Normally, these jets 

located ,1t the center line of the bi ts I point would precut holes 

or slots into the coal face for the bits to .sump into, In this 

W«y, the need to generate a high .sumping foi:cc wouJ.cl be eliminated, 

6 
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Thei.e n.:ime hi9h prei.i.urc wuter jet:i M.:iy .:il:;o be used to rer.lucc thej 

nmonnt of nhc.:ir force needed. Ge1,er.:illy, without the use of th~5cl 

i;upplementill jet:i, .:i force of nbout 12,000 pounds would be require; 

.for e.:ich bit to swnp or shear the six inches needed into the co.:il I 
:;enm. This 12,000 pound force, which is well within the present j 
stntc of the nrt for continuous mining mnchincs, will be gencrnllyl 

the snme for both sump nnd shenr opcrntions. 

To get an iden of the amount of coal production possible! 

with our invention, .assume a six foot high times ten foot wide 

t:imes six inch deep cut is to be made at a sump rate of an inch 

per second, a sheer rate of one foot per second, and allow five 

seconds for the return of the bits to the next cutting position 

on the coal face. Then.the amount of coal with an 80 pound cubic j 
foot density would be 2,400 pounds per cut in 17 seconds per pass.' 

ror each minute of continuous operation, this amounts to 4.24 tons 

per minute of production or 254 tons per. hour. During the normal 

seven hour working shift (eight hour day) this works out tq 1,788 

tons of coal. Even this figure can be increased if the constant 

depth linear cutting head were· composed of t1-10 identical heads 

mounted in such a manner that one sumped at the roof and cut to 

the mid-stream height 11i th the other head si..'7!ul taneously su:nping a . ' . [ 
the floor and cutting up to meet at mid-seam. This type of arrangl 

ment would reduce the 17 second cycle per pass by three.seconds 0:1· 

the shear and 2.s· seconds on the return. Thus, by using two heads I 
a 48 percent increase over ou~ original estimate could be achieved . 
or a production rate of 2,600 tons per day. This potential rate 

is much faGter thon present haulage systems can handle and, there­

fore, modificotionG to the haulage systems would be required. 

Dust generation cluring cutting must be reducecl to comply 

with safety r.c,ulations of the !-!inin<J Enforcement and S.:ifety /\cl­

rnini:;trntion. J\.t the .n.:1mc ti:~c, the rrcniclcnL' s yor,l of ,ionbl.i.n') 

co;1l prmluction by 1905 hon to be considercc1. 1-/hc-n present hi<Jh 

r.[>t•cd r~t.,,ry cuttln<J hcocl:i enter ,rncl exit from the cool face at 
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cleplht: of lc::rn lh.'.111 one inch, lhere iu .'.In inherent larc:.,e «mount o. 

cl1rnt produced due to the .sh.'.lllow cuttiny <1ction durinc:., entry «ncl 

exit of c.'.lch bit but this is incre.'.l::;ed by re9rindin<J ilnd fonning 

action of the rotilrY head, Thi!:. cl.'.ln<Jeroul:. condition has been 

climin.'.ltecl by our invention without S.'.lcrificin<J coal production. 

FIG, 2 schematicillly illustrilteD how our invention workr 

Initi.'.llly, at the step 1, the cutting head of the continuous min­

ing machine (Cl~!) is positioned ilt the mine roof and then sumped 

into the _face as shown by step 2. The coill is· then sheared from 

the top of the seam towards the bottom. Upon reaching the end of 

its shear cycle (step 3), t~e cutting hcild is raised to the top o: 

the mine face as the machine advances (step 4) to a position to 

begin the sump-shear cycle again. Thereafter or simultaneously 

with repositioning, 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 

conveyed away (stop S) from the ::dnc fu.ca and m,ining machin~ t.o a 

shuttle car (not shown) via a loader located be?1eath the coal raine 

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, 5 illustrates how the cutting head of FIGS. 3 to 
-IQ.ff r e-;1 

4 could conceivably be retrofitted on an existing ~-Grt 120 

rotary drum continuous mining machine, Basically, this modifica­

tion would remove the dust producing rotary head and replace it 

with the nonrotary seven bit head of FIGS. 3 and 4. Appropriate 

hydrnulic cylinders 14 would be powered by electrically powered 

pumpn from a remote electric powc,r source via cable 15 to provide 

the power to nurnp ilnd :;hear. the COill f~ice, These· cylinder::; caunc 

the hc.'.lcl lo move up ancl clown. Shearing could al:;o be accor.1plishecl 
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in a horizont;:il or a si<le. to ni<le <lircction by orientin,J the cylin· 

<lern <li!icrently an<l turning the head 90° i::o tlwt iti:: bits were 

~ligne<l in a vertical plane, 

Notwithntanding the foregoing illustrative example in 

FIGS, J to 5 of the type of equipment which could be used to 

practice our method, no limitation of the invention should be con­

strued thereof ai:: the scope and extent of the invention should be 

measured only by the claims which follow. 
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• 
Wo cl,iim: 

1, I\ method o!" oper.1 ting " continuoun mining :-:.:1chinc 

hilving ii non-rotary type cutting lmilcl comprining the steps of: 

positioniny said milchine in iln opcriltivc ponition nenr 

to the mine face surf,icc to be worked; 

sumping into said mine f.:icc surface beginning on one of 

the periphcr.:il sides thereof at a depth of at least three inches 

with said non-~otary cutting head; 

shearing said mine face the same depth as sumped across 

most of its entire width and height without retracting said cut­

ting head from its sumpcd depth; 

conveying said dislodged material away from said mining 

ma~hine and mine face;·· and 

repeating the positioning, sumping, and shearing steps 

in that order. 

2. The method of claim 1 wherein said sur.iping is at 

a depth of about six inches beginning near the mine roof;,and 

said shearing step takes place beginning at the same 

position and continues to the mine face floor. 

3, The method of claim l wherein said sul':lping step 

takes place with a cutting head having a plurality of substantial: 

identical bits that are horizontally aligned with each other. 

4, The method of claim l_including the additional step 

of supplying water under a pressure of several thousand pounds 

per. square inch pressure to the mine face prior to said sumping 

step. 

5, The method of claim 4 including the additional step 

of supplying sai<l water under pressure <luring said shearing step 

to the mine face, 
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G, 'rho method o! clHim 1 whcrcin said shc,uin<J t.:1!:es 

place horizontally Crom one side of the mine !.:1cc to the other 

with said head turned ninety dcgreca to position the bit:; in u 

vcrt~c.1.l line prior to sumping. 

7, The method of: cl.1.im l wherein said shearin<J t'lkcs 

place vertically from the top of the mine [ace to its bottom. 

8. The method of claim l wherein said sumping step 

begins near the mine floor at a depth cf about six inches; and 

said ·shearin<J step takes place beginning at the same 

position and continues to the mine 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 ~umping 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 

with the other of said two he~ds; 

shearing said mine face with both of said heads, appro>:.:. 

rnately"the same depth as sumped, towards each other without re-

tracting said cutting heads from thc mine face while shearing; 

conveying said dislodged material away fror.1 said :nining 

machine and mine face; and 

repeating the positioning, sur.iping·and shearing steps 

in that order. 

10. Thc method of claim 8 wherein said sumping steps 

take place at a depth of about six inches. 

I I I 
' I 
I 
I 

' i 

11. The method of claim O including the additional steo . I 
of supplying water under a presoure of several thous.:1nd poun~s pa= 

squ.:1rc inch pressure to the mine face pr{or ~o snid sumping slap. I 
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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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Al'l'J•:rnnx B 

NfN 2533 

1,nn:,\J( C(l'l"J'rnc; l(()'l'1iRY 111-:AD co11:1:~~•l_!I;~I,; 1'1rnn;c; W1C'IIINE 

1,y 

Wallace H. Roepke, n.1vld P. Lindroth, <H d Joseph W. Rr1.smus.scn 

/\l)STRJ\C'J' OF '1'111·: DI!: :·visuni; ---------
1!1bo trian~nlu1,.·-shapl,'cl rotary hcuc.1 mountocl on un C!Ccenlr:icully 

· l~..J VY\ 0. r.-.th " 
driven ,ihaft rotatc,i at ";/;:,,cod/\<lPtc:cr:iin<.,cl by a ring/pinion c;0a,: L)t.:\;,_, 

ratiorin~=a-,,,,..,.,;-±,:r:H:-c-rf'-i..~•iN-rn~'l.!;'-Lt><<., such that cut ti 1,g JJ\, 

tools 1",ounted on the ,,pi.cc,s of the triangular-shapc,d rotary bead 
\. \\ 

the, face of the-, coal seam to be cut at 1,,;~•·~ follow a square 

n top corner and 

.:1,~\"\"li·tc,<,,:., 
pa th rl--t:v.#-.1 ... p..;~ 

l-M 
rnakc\,Ja : ::mg linear vertical cut at 

F'IELD OF TIIE rnVENTION 

This invention relates to continuous coal raining machines 

and more particularly to an improved rotnry cutting heu.rl which 

permi t.s an incre~se in production while decreasing res:_:d.ral dust 

15 formed duriug the cutting process, 

DESCRIP'rION OF THE PRIOR /\RT 

Many different: mcthocls have been employed in the mining of 

coal and in th-2 past fifty years the clevelopmf~nt of mechanizution 

in the mining of coal has virtually elimi.natcd manual mining 

?.O techniques, 1\ large increase in product.i.v.lt:y has been obtained 

lJy the cleBi9n and developlll:'.:~nt of l:hc rotary head conl:.inuou~, r.!i.ning 

mnchineH which u~;c u multiplicity of bi.ts f:i;{ed to a :rottiting c!:-:-t~::-: 
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of the cutl..i.ng teeth or lool.'l. Dur.i.n~J the f.t,1gmcmtati.on procet:n 

at the fac:c of lho c:oal depos.i. t, l'hich .i.,; rcnponn.iblc, f.or the 

production of both airborne and non-a, rbornc tlnnt, dusL gen,cration 

is determined by such muchi 11e puri\tneters us h.L t type, bit angle,, 

·s spacing between bits, depth of cut and rotational speed. Research 

by the Bureau of ~:incs has involved an analynis of the effect of 

rotary cutting heads on a continuous mining m.-ichine and a determinv.tion 

of where and how prirnury dust is produced at' the face. As result of 

that analysis, it has become apparent that where a pick or tool bit 

10 enters the coal face at. zero depth due to its epi troichoidal 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 determined that _the limiting factor to dust reduction · 

l.5 is the circular path with continuous entry and exit of each pick 

or bit in the face. 

✓.o 

It is accordingly an object of the present invention to provide 

a new lin?ar cutting rotary.head for a continuous mining machine 

which will cut at a constant: depth. 

A further problem in f:he use of convcn':ional rotary head 

continuous mining r.iachines is that the constantly changing depth 

of a bit following an epitroichoidal path docs not permit an optirnum 

spacing ·ror the cutting bits. Since deep cutting of cov.l with 

rotary machines appears to be 1:he solution to dust generation 

wi<lP- spacing to accor:u:toc.1.:tt.c thu dcep~:r cuttin~t rno:1t cffec:t.ively 

\lhi d1 then pl'odnccc cod ng at: ,;hallo·., cuts since there nrc too fm·I 

bi ~!J for uhi1llow cut l:iny.. Incl<.!Cd, thif> iu · a 'piu~tldox becuu:::;c onn 

sbonl<l cut d<,c·p tt> avoid dus;t hut 0110 :\ncreanen the, 111~011111: of t1w;t 

:H.1 by c_:orin:r <luelu~J c!r!l.JJ cut~ })(H!i1u~;c there nre too f:ow bits. It .in 
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aro th0Ycfo1~c noL ilm~11claUlc to dn!.;L retluct:ion with hi~Jh product.ivity 

cluo to their .inherent <lc,d.gn f,rnlt:s, It is apparc11t, thercforo, th,,~ 

an ideal cuttin9 metchinc woul<l comprise a rotary head for high 

5 · productivity using 'only <lcop linc,ar cuts to reduce dust generation 

10 

to a mi.n.imum while maintaining optimum bit spacing. 

It is, therefore, a further objoet of this invention to prov.ice 

an improved rotary head continuous mining machine which optimizes 

these three parameters. 

It is a further object of this invention to provide an improvc.c'. 

continuous mining machine which may be modified by the substitution 

of a new rotary cutting head which provides full linear shear and 

sump cuts without the necessity of modifying all other exist.inc; 

parts inclucling those needed for propulsion, trackage, electric 

15 and/or hydraulic motors to the power track, existing boom wieh verti:::,.1 

and/or horizontal movement and the existing means of collectinc; cut 

-coal and co!lveying it to an appropriate shuttle car or belt 

tr?nsport_sy;;tem. 

20 

SUMMI\HY OF THE INVENTION 

The present invention ·comprises a continuous mining r.,achine 

having a chassis movnble in the direction of its longitudinnl axis, 

a boom carried by the clrnssis foi: pivotablc movement through an 

arc at right angles to the clirccl:ion of char.u;is moveme11t, «n eccentric 

crank mounted to said boom for rot<ttion about an a::is at r.iqh~ ar.:;~<-s 

s1.?:ctional [jha.pC i~; rotltt<1b]e cccl!nl:rically o:i 8a.i.cl lJOOI:t \·1.i.t.:1 ct.:t.ti:~·~ 

tc!:'th mounted on th~! apicu:: of :;ai.<1 ,t.rian0ula1:-BhttfJ•,~cl hec~d anc.1 

proj<>eli11,r oul:\-/i!r<Uy tlwrofrorn ,;uc:h thal:· dLn:ing, rol:at:ion of Ui., 

hc•nd, 1:hc~ c•Jl:t.ing hit!; follow Hn cH-.scnt-.i.;1lly squ;-t1~0 pnth to cun~o 

- 3 •• 
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The proscni: invent.ion i:s clin,cted to th<; rotm:y cutl:i.n<J hcac.1 

assrn:tbly, inclicatccl gcm,rnlly <1t 29 which comprl:H'H loft ancl ri.9hl".. 

si,k, culting heads or drums 30 and 32 when vicwec.1 from the front nf 

tho m,whine, 1-'igurcs 1 ancl 4. Each cutting head asucmbly cnrri cs 

5 fi>mdly mounted cutting bi ts of pyramidal configuration as nt 34 

along particular ed\}es thereof, 'I'he presen.t invention is particularly 

dir1?cted to the employment of rotary cutting heads or drums 30 nnd 32 

·. of triangular c:ross-sectional configuration mounted and driven nuch 

that the apices of the triangular-shaped rotary cutting hcncls follow 

10 a square path with the apices carrying_ the cutting bits 34 and thus 

causing the cutttng bits to follow a square cutting path and to 

enter the face of the coal formation C at one (top) corner and make 

15 

a long lineal cut at a constant clenth and over one and one-half tim"s 

. ~~\ 1"'.c.lV.\'1. I~~-• ~ 
the diameter of the rotary met:ie!'I ef ·the cutting_ ~. \,,))\.__, 

By reference to Figure 4, it may be seen that the boom 16 

te_rminates at its outboard end relative to chassis 12 iri a ro'l:ary 

cutting head drive motor which is indicated generally at 42, this 

motor being an eiectric motor, hydraulic motor, _pneumatic motor 

or the like, but being constituted by an outer housing 48 of circular 

20 configuration. Rotatably supported to the sides of boom 16 arc 

heads 30 and 32. A crank 44 which has an axis of rotation coaxial 

with that of the motor housing 48 and being dri.ven therein terminates 

in eccentric portions 44n at the outboard ends of the crank, 

Fixedly mounted to the motor housing 48, on each side of motor 42, 

«re ring goars ~.G t•:hich may comprine integrnl part:> of tho circular 

ut· 52, The crank 44 cxt:onds throt1gh_.a circular holo 50 within the 

. ccnte,.. of each rin~ gear 46, the hol<1 50 being of suffic:icnt nize to 

per~it: the eccentric port.ions 44~ of the crnnl: to rotate freely 

- 6 -
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within tho Ll>:n<l r.in<J <J'-'ilrc.46. In tho illur;tratc•cl embocU,wnt., 

pjnion gcilrn 5'1 .:1rn rot:at-n.bly Iaounte<1 on lho ccccnt:ric po.ctionf_; '1-1n 

of the ct'ank '1 '1 BO an to rota to about: the axis of the eccentric 

portions 44a in response to rotation of the crar)k 44, The pinion 

5 gears 54 Cilrry gear tooth 55 on their peripheries which are in mc,st, 

10 

with the gear teeth 5;> of the ring gears 46, Prefen,bly, the ring 

·. gears 52 have il. genr ratio of four to three to pinion gears 54 so 

that for every four revolutions 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 nn e:cpanded (spherical) equilateral triangle. The head 

incorporates three mounting arrns 56 defining a trinngle support for 

the head, the arms being fixedly mounted at 57, _Figure 4, tci an 

end f;we of the pinion gear 5~ with arms 56 being fixed at their 

15 ou_tboard ends 59 to the drums or heads. The druns • or heads comprise 

three sidewalls or faces as at 60 1 62 and 64, which are joined at 

their longitudinal edges to form apices 36, 38 a11d 40, Jill of the 

members of the rotary head assembly 29 may be formed appropriately 

of metal with the pi!rts ):,eing suitably welded together or affixed 

20 by other conventional means. lly energization of the motor 42, the 

drums or rotary heads 30 and 32 will be rotated about the axis of 

the eccentric portion of crank 44 in such a milnner that tho drums 

follow an eccentric ellipse and the tips of each cutting bit 34, 

l'.igure 2, follow a S(Jllctro path clc:i:'i.ned by ,;trilight lines except for 

oc
0

Gtt.rn fror.t t:lte vert.i cal t:o th<'. hori7.onl:ul portion of the rPctV.lHJU!.r•::-

. p;;-t..h or. Vic..:~ versa. 
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}'igure 2 illtwtratcs the cutting path o~ one t.ip IJ of one 

bit 3~ clttring the sump cycle w.i. th lh.: nlwar cycle b•.> i.n,J the ,:.,111<, 
~i.tJ.,v 

c»:ccpt horizontal. It is lo be ,notccl, that thin ljr,,,:,r Htt'Ttt'Yr 
r~. ~ 
;::i,:t,:irrg head concept workn in' similar fashion 011 nll fom: sicks 

5 of a box cut. This nllows the heacl to be sumped its full d.imnr,ter 

before a shear cut is started, with the shear cut also 

removing the coal by a linear cut. The only difference between 

sump and shear is a linear sump cut perpendicular to the bedding 

and a linear shear cut horizontal to the bedding (not pnrallel 

10 thereto) • 

Further appreciation of the cutting action of the improved 

linear~head assembly of the present ~nvention may 

be had by the following mathemati~al description with reference 

to Figures 2 and· 3. It may be seen that the cutter bi ts 34 which 

15 are mounted on respective apices, of the triangular-shaped rotnry 

cutting heads or drums 30 and 32 and which bits inciclentnlly for 

respective apices nre offnct relative to the longitudinnl axis of 

the cutting hend, will follow a linear path "fro~ roof to floor. at 

the mine face during the rotary motion of the ring and pinion. 

20 The movement of the tip B of each cutting b-it 34 which is sho~m in 

Figure 3 for a distance R about the center of the intcrnnl gear 46, 

is covered by the equation: 

R 2Er (con .ff- cos fr -
3 

- 8 -
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E ·c,1unln the cccent1\ic length of l/0 lcngt:h of pitch diameter 

or '..ntcrnal ring gear 48, r equal,:; the npex length of the cut.ting 

f I f ' ' . (C.p h ) . f b ' arm rorn t ,c center o rotary p1.n1on gea,r 54/\to· tip P,"o cutter it, 

-9,equals the angle made by c
1

cpn and c;n
1

· about the drive axis 

and the output shown by d,, = angle· Z. Bn · C1 B
1

. 

From tho ubove, one 

bit 34 will be described 

complete square cutting pa~1 for 
.'f( (ri) 

by !@ radians for the angle -V-. 

any 

It may be seen by reference to Figure 3, and from the equation, 

that the distance R reaches the maximum at the top (B
1

) and the 

bottom (B 3) corners of the cut whe:i:e the eccentric arm (c
1

, Cpl) 

is at zero degrees (C ) and 270° (C 
3
). The minimum distance R 

pl p 
is obtained at the horizontal center line of the head (B2 ) when the, 

Using this description, 

Bn can be plotted for any angle{)- at C , and this is the l:lanner in 
. pn 

which the cutter path shown in Figure 2 was developed. 

Further, if the two dimensional figures of Figures 2 and 3· are 

visualized as being three dimens-ional with the. long dimension being 

an elongation of the tri·anglc perpendicular to the sheet of drawings, 

then such a device is seen as capable of carrying several bits 

suitably spaced _at the various apicos of the elongated triangular­

shaped cutting heads as seen in Figurc_l. Thus, each bit at any 

upex of the eccentrically rotated triangles for both heads or clruz:,s 

wl 11 follow a pnl:h bc!.it described as a square. 'rhis permits th'2 

boom as u rcplt!ce1:--.ent £01: the stt:111Clard rotary hetH1 its illustr."1tnd, 

tl ·,·1·.,,~11 by ,·111 ./;"_._,N' •.. ,}.~_:f'_' .. ''~:-_.11 .. "'."·r, ,,_1.if<..J(, __ ._·-. · und whc~n the tr.i:ungul.:.1r-!;hapod h(!aU is ..... ~ ~ 

gcerccl r.ing tin<l pinion .i.n an eccnnl:r.i.c path, t:hcn l:hc cuttin0 bi ts 
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From thu ilbove, loborotory line;,,: cut tin,, c-xpcrirncnL" co,~binrnl I . 
. wi.th the theoretical m1.ily~;is of the rotary cnL leud to the 

conclusions as follO\,is: 

(1) Doth specific oirborne rcspiral dnnt and specific 

5 non-airborne respir-al dust arc monitonicul'.\Y incrcusing functions of 

specific energy. 

(2) Specific dust and specific energy are inversely 

proportional to the depth of cut. 

(3) An optimum.value of the space to depth rutio of the 

10 cutting bits exists between 2 and 3 for linear cutting. 

(4) Rotury cutting has an inherent bit spucing problem 

since the correct• bit spacing is only obtained ilt maximur.1 depth for 

each bit. 

(5) Rotary cutting is an inherently poor low volune 

15 recovary in the first 60% of advance distance for each bit on the 

drum making this portion of the rotary cut highly inefficient with 

abnormal amounts. of. dust. 

20 

(6) Specific airborne respirable dust generated from 

the rotary cut is greater than that generated ·from the linear _cut. 

In conclusion, the laboratory results show that the greatest 

dust generated per unit volume occurs at cuts less than one inch 

deep, and it becomes apparent that all cutting should occur deeper 

thun one· inch. From the analysis of the rotary cut, it is equally 

apparent that when a bit enters the coal face at zero depth, go_en 

1:J6chanical configura L.ion, as in .tho standard cont:j nuons mining ·· .YI 
. m,,chlnc, it is ~nlwrently a high c,ncrgy, dusycut.t:.i.ng mech.:inisJn, 

- l O -
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'fhc linear cutting rotary hcn<l rnocli.Li.c!cl contint1<n1L~ 1:1ini11sr r.12.c!!~:-;'.! 

of. the present invc,ntion as <lcncr.ibcd above comp1ete)y cl.\.m\nr;'cos 

t:hcs~ prob]cn~s and mini.mi. ~cs rcspirDblc clus t 9ener..1t.ion; \•ti t:h 

respect to the illusitrated cmuodimcnt, it should be noted tl!i,t th-3 

5 drum cross-scction·may take the shnpe of modified equilateral 

triangles whose sides may be changed symmetricnlly into othe,: fo=,s 

of conic section as are com;wtible with gear sizes and head siz.:,s 

needed for the coal scam being cut, and that auxiliary frag::,entatio:-i 

subsystems may be placed at the cutting bits 34, the subsystens 

10 may include thermal heaters, hydr,rnlic impi'Jct rams, clcctromagnretic 

heating, mechanical. irn:::,act, high pressure liquid ·jets or any 

combination of the same. 

- 11 -
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5 

WHAT IS CLAIMBD IS: 

l. A continuous mining machine for minin9 n horizontaily 

extending coal Vc?ip or the like, naid rnnchine comprising: 

a chassis movable longitudinally parallel to said vein 

a boom c~rried by said chassis for pi~otable movement 

at right angles to the direction of chassis ~ovement, 

shaft means mounted to said boom for rotation about its 

axis at right angles to the longitudinal axis of said boom, 

means for rotating said shaft, 

at least one rotary cutting head_, triangular-shaped 

10 in cross section mounted on said shaft for rotation about 

an elliptical eccentric path, and 

longitudinally spaced cutting bits mounted 

on said triangular-shaped· rotary head at the apiccs thereof; 

whereby, said cutting bits follow a square cutting path 

15 during rotation of said at least one rotary ·head. and effect linear 

shear and sump cuts of said coal vein during rotation thereof. 
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5 

~. 'l'hc c:0:11· . .i..nuou!..> mi.ning rn<1c.:h.ine us claimed jll claim 1, 

whur0.in naicl Hhdft mct.1ns c:ompr..i..!;cn u cranl, arm mount.eel for 

rolaL:i.on ubout .:ln nxis uL right un9lo~; to lho lon~J i. l:udinill axiG 

of silid boom, naid crank urm having un eccentric portion, pinion 

rneunn ir: Dountod on su.i.cl eccentric portion for rotatj on about 

the axis of the ,:ccentr.ic portion of nc1.id crank, a ring gear 

concentric with the axis of rotation of s&id crank and having 

internal gear teeth in mesh with gear teeth on the periphery of 
ftdh 

irnid pinion for .controlling the rotational~ of said pinion 

10 as said crank rotates with respect to said ring gear, and means 

5 

for fixedly mounting said at least one triangular-shaped cutting 

head to the side of said pinion gear so as to rotate eccentrically 

·with respect to said crank axis. 

3. 'fhe continuous mining machine as claimed in claim 1, 

wherein: i;;aid. at least one rotary head comprises •three edge 

joined faces, said cutting bits project outwardly from said 

at least one cutting head at said apices and are genen,lly in line with. 

the trailing face at each apex in terms of the direction of rotatio~ 

of. said head. 

4. 'rhe continuous mining machine as claimed in claim l, 

wherein said gear ratio between saic1 pinion rm:.?ans and said ring 

gear is 3 to 4. 
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10 

s;,.id l>it.s t.o cnt.cr the, filCC of. the co.tl fortnal:ion «t Lhc tront 

of said continuous cutt:l119 machine lin<•ilrly to c/'l'c,ct a nun,p 

motion and to make a long linuar cut al 

Prefcr<1bly, the bi ts arc mounted to the apiccs generally 

longitudinally in line with the adjacent tra.i.lin<_J face of the 

trinngular head ih terms of the direction of rotntion of said hend. 

The faces of the. trianguJ.ar-shilped cutting head. may comprise 

spherical segments. A triangular-shaped rotary cutting head mny 

be mounted on each side of the boom with the boom centered with 

respect to the chassis and the bi ts which are longitudinally spaced 

along the apices of each triangular shaped head are preferably 

longitudinally offset with respect to the bits of the other apices 

15 of tho same head. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of one embodiment of the 

improved linear cutting rotary head continuous mining machine 

of·the present invention. 

Figure 2 is a di_agrammatic view of the cutting path of the 

linear cutting rotary head of the machine of Figure l during 

machine operation. 

Figure 3 is a diagrmnmatic view of the cutting path of the 

\ lineur cutting ro.tary· head of tl{e machine of Figure l illustrating 

2!:> tr.e change in position of. the parts effecting the movcrnent of 

tho cut t:.in\; bi ts per forming the cutting act.ion. 

Figu=-c -1 is a front clevatlonul'· view 0£ n porl:.io=1 of the 

mac~i11C:! of Fi<:,rur.e 1, pnrtially in ncc.t.i.on, illw1Lrcit:ing the 

cons t:ruction of tho linectl:" cutti119 ,:ol:ary hoacl ;1n!ioJ;1bly. 

- ,j -
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Pig\lrC! ~ iB u n<•ctionu.J. v.ic·w of n pocl::i c~n ,,f thr- li1i<1ar cut.t.i n~j 

rol:ffr.y ho.:-tcl cu;~crnbly of F.i9urc~ i1 taken nbout: .1 in<: !i-5. 

DI:SCRIP'l'J()i-1 OI•' 'l'IIE PHEFEHJff:n 1-:11nonH11·:l1'J' 

Hcferl!ncc to Fi9ures 1, 4 antl 5 illu~;trates the p.?~c~scnt' inv.:inti.0:-1 

5, ns a moclification to n conventional conl:inuom: rotary head mining 

mnchine 10. In that respect, the machine 10 ir.: of conventional 

design and consists of a chas~is 12 being mounted for mover.:ent in 

the clirection of the longitudinal axis of the chassis 12 by means 

of tracks as at 14 or the like, permitting the machine to move 

10 forwardly with respect to a coal formation or vein C and to effect 

a cutting aeti,;n with respect to that coal deposit; whereupon, the 

.L:.> 

cut coal C' which breaks up during the.cutting notion falls by gra-;i'::y 

in front of the uncut portion of the coal formntion on a scoop or 

shovel 24 which is fixed to the chassis 12 by hinge connection mea:1s 

25, the scoop or shovel 24 carrying appropr:.ate lateral walls 26 

which tend to guide the cut and broken coal fragraents towards the 

center of the sh_ovel 24 for removal to the rear of the machine by 

a conveyor mechanism indicated generally at 28. This portion of 

th~ machine is conventional as is the structural-make up and operatic:-, 

20 of· pivotable boom 16; The boorn 16 is pivotably supported at the 

reai:_ of the machine by means (not shown), such that it rotates 

through a vertical arc caused by extcnr;.i.on and retraction of a 

pair of pistons 20 suppor'tcd by hydraulic cylj nc10.rs 10 and cou2led 

to the boom by means of trunions 22. Again, thif; portion of the 

pre&ent invention, thci boom 16 }x.~ing r<t.i.sed o:c lo-.1,:.!rcd to p.:::c::;n;1 t 

the roLul·y cut Li.n9 hcncl asncmbly to dif .fo.con t po:._d. ti on:; with l.'liSp·:i~:t 

lo tho coal for.nation c, 

- 5 .... 
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5. 'rhe cont lnuuu~ miniHg machine ilB ul;,imod .in cluim 2, 

whcrc.•in suid 9cu1:- rut.io bel:wrion Haid pinion means ilnc1 said ring 

gear ·is 3 to 4. 

6. The contin"uous mining machine as claimed in claim 3 1 

wherein said gear rntio between said pinion means ancl 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 each ilpcx thcrcof, and wherein the bits of onc apex 

are longitudinally off"et withrcspect tb the bits carried on another 

5 apex. 

8, The continuous r.1ining machine as c]aimed in claim 2, 

wherein a plurality of bits are carried on said at least one rotary 

cutting heacl on each apex thereof, nncl wherein the bits of one apex 

are longit:udinally offset with respect to the bits cilrried on another 

S apex. 

9. The continuous mining machine as claimed in claim 1, 

wherein the longitudinal faces of said at least one rotary cutting 

head comprise sphurical segments· joined nt thcir longitudinal 

edges. 
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J.O. 'l'he continuous mining machiuo nu c.:laimecl in cluirn 1, 

wherein snid rotary cuttin<J heads comprise: tv .. ·o in nt:r:-.ber., said 

mcuns for rotating said shaft comprises i\ motor fixedly mountr~d 

to said boom, and ~aid rotary heads arc operatively coupled t.o 

5 snid motor on ret~pcctivc sides of suicl Poom. 
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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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SPCCIFICTl1'ION f,A.IN 2563 

BE IT KNOI-/N Tll/lT we, \·/1\Ll,/ICE W. ROI•:1'1;£, Dl\VID P. LIND-

RO1'II, C1nd RICIITIRD J. WILSON, have invented a new and useful im-

provoment in an l\UTOHTITIC FACE TRANSFER LINEAR CUTTING RO'l'/IRY HE/ID 

CONTINUOUS MINING M/IC!lINE 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 bit!; going forward at the 

top is replaced by a triangular·shaped dished out 

linear cutting' head rotating with the bits mounted 

at the apexes going rearward at the top. This 

produces a box cut in the mine face with a 

square cross-section. After the head has made a 

box cut by sumping the full 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 

transporL system which allows the cut coal to be 

loaded and conveyed away from the mine face with­

out furthnr dust 9ennration due to frnA fall frac­

ture on the floor or inLe>:mediatc handling by a 
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insure that the coal is consistentlj discharged 

at the proper position, a movable bridge con­

veyor and follower assembly is used with the 

cutting head, 

BACKGROUND 01' THE INVENTION 

Field of the 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 reducing 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 Method 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 as a Linear Cutting Rotary 

Head). The essential difference between this invention and what 

these two inventions disclose is the method of operation of the 

rotary head and its associated transport system. Thus, the inven­

tion disclosed in the Linear Cutting Rotary Head disclosure has 

been modified·by this invention·to allow it to be used to accom­

plish the Method of Linear Cutting plus a loading and transporting 

function has been added which at the same time reduces secondary 

airborne respirable dust generation, 

2 

183 



SllMM/\RY OF' '!'Ill; lt,Vt:H1'ION 

To practice the method taught by our invention, a con­

tinuous mining machine has a retrofitted rotary head which is 

shaped in cross-section like a dished out Reuleaux or equilateral 

triangle. Connected thereto is at least one btidge conveyor. In­

itially, the machine is positioned near the mine working face. 

Beginning near the mine floor face with its head rotating, the 

head is 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 iJ.nd 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 height at constant depth the same depth as sumped by 

raising the cutting head. 

The apparatus to practice the inventi?n 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 located 

main conveyor. 

The primary object of this invention is an improved 

method and apparatus for use with a continuous mining machine hav­

ing a linear cutting rotary head. 

DRir::F DEf>CIUPTIOH OF TllE DTV,l'/IllGS 

FIG, 1 is a isometric view of the front end of the pre­

ferred embodiment at mine face after a partial sump cycle has 

tnken place, 
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FIG, 2 and PIG, 3 arc pictorial views showing a conven­

tional continuous mining machine as modified by incorporating the 

preferred embodiment of our invention therein, 

One of the most persistent problems encountered in min­

ing operations, especially coal mining operations, employing 

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 to achieve a linear cut was p£oposed and described in the 

previously r~ferenced Linear Cutting Rotary Head patent applica­

tion. This type of linear cutting 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 cutting 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 herein 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 head 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 dc­

sc£ibcd in the Linear Cutting Rotary Head patent application and 
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modified in such a manner as to automatically collect and trans­

port the cut coal in buckets designed into the cutting head. 

Broken coal freely falling from the place where cut 

causes large amounts of sccondar·y dust generation as docs the 

typical gathering arm mechanism for a continuous mining machine 

(CMM). 'l'o further reduce airborne respirablc dust generation, 

the secondary dust generation is controlled at the face by this 

new cutterhead 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 sump cycle. The unique combination of 

the shape of the cutting head and internal gearing in its attached 

oom allows it to make a box cut with slightly rounded corners as 

ore fully discusse·d in the Linear Cutting Rotary Head patent 

pplication. \·lith 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 the 

apexes which we contemplate would be used to rotate the cutting 

ead of our invention. Since the cutting head in this invention 

·s shaped in cross-section like an equilateral triangle such that 

its configuration follows the path described by neuleaux, as dis­

losed in FIGS, 1 and 5 of the copending Linear Cutting notary 

ead pat'ent applic'a.tion, it will cut out a square vertical face in 

ross-section or box cut in volume when its full sump cycle has 

een completed. FIG. 1 shows a side view of this square cut out 

ection in dotted line format; One type of drive gear train that 
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could be used in the front end of the boom to rotnte the trinng­

ular shaped cutting head and achieve the desired square hole cut 

is described in the commonly assigned coponding U.S. palcnl nppli­

cation having Serial No, 705,361, filed on July 14, 1976, by 

Roger J, Morrell ct al entitled Square llolc Drill, 

After the full sump cycle is completed the entire 

depth of the cutting head, the shear c:rcle 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 head 

from its full sumped depth, from the m:lne 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 1 as shown in FIG, 1 causes its 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 pm~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 1•1i th 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 
0

hcad so that they always 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 heucl, a link arm 11 

connected to the track ioller at one encl, a pivot connection 19 at 

the other end, and an elongated roller 21 with a tapered center 

portion which rides under the end of conveyor 9, The conventional 

power source to drive the bridge 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, 

support 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 t,o roof the depth of the sumped 

head. 

Not only may the equilateral triangle cutting head be 

used with the modifications indicated ancl 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 mechanism 

11 mechanically links the bridge conveyors directly to the cutter-

head to impose an oscillatory motion on the bridge conveyors in 

synchronization with the rotation of the cutting heads, Guides in 

each of the head recess sections funnel the fragmented collected 
. . 

coal to'the center of the head before they arc dumped into the 

rearward bridge conveyors. The cuttcrhead is revolving in a 

direction opposite to that described in the Linear cutting Rotary 

!lead invention so that it cut·s on the upstroke inntcad of the down 
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stroko. In this way it gathors tho coal cut from the scam in tho 

cutting head recess 23 and carries it over the top of the cutter­

head to the low0r rearwardly loc_ated brid9e conveyor 9. This 

arrangement reduces further secondary airborne respirable dust 

generated by free fall fracture on the floor, since the coal 

gathering and transportation system employs a conventional movable 

center support boom modified with two bridge conveyors, and a 

follower mechanism for each conveyor 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 

.1 

I 

which have either missed or fallen off the bridge conveyors. Rais-
101·, :_.: 

ing the support boom causes its cantilevered attached cutting '. · 
. '½ti~~~t-',i . . . ' . . ls ,,·(~ 1-~·; ;-:, 

head to rise vertically. · with this raising action1\ the fol:;:: 15_ · _ 

lower mechanism attached to the CMM 29 at its pivot conixs8)'cions ~-s--i.:: 
,-.·•-4 ', 

w\~rt 
afil. the two tension springs 35. These springs keep the el;stic '\~~;'t.: 
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 gujde 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 material. Thus, immed­

iately after 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 

m~in 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 gathored in by arms 25 and fed via their pan and then to 

the main conveyor, 
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Our invention can be seen to consist of modificati~is to 

the conventional rotary hcacl continuous mining machine with addi- \: 

tional material h.1ndling and transportation devices. J..i--t.!Her 7:he;:r,,,; 
~-- ($, ,,. 

main cenve\'or belt 37(:li-: a shuttle car 1na,t--J)c\ usecl to convey the 
:::· ::::...._i.:~,.~ ,\ __::_--A. 
mined nwtcrinl\'from the mine face, The other parts of the system, 

including those used to propel the CViM and boom, may be conven-

tional. These would include electric and/or hydraulic motors for 

the C~~I 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 objective of our invention is to reduce dust 

generated at the mine face, especially primary and secondary air-

borne respirable coal dust, produced by the cutting and gathering 

r,1echanism while increasing production potential: It has accom­

plished this objective 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 respirable 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 optimum vaiue for the space to depth ratio of the cutting 

bits exist between 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 each bit, 
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5, Conventional rotary cutting hns an inherently poor, low volume 

recovery in the first GO percent of advance distance for each 

bit on the rotary head drum making this portion of the rotary 

cut highli inefficient with abnormal amounts of dust, 

6, Specific airborne respirable dust generated from the rotary 

cut is greater than that generated from the linear cut, 

7. Conventional rotary cutting docs 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 o~ 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 power 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 the 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 power means, e.g., hydraulic conveyors or a. power takeoff 

from th~ main dri~e shaft, the flat plate may be dumped into a 

conveyor. Raising means could be employed to maintain the plate 

at an angle during the times it is not being raised to dump the 

collected coal or being forced down to allow the cutterhead to 
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pass, The hal[-raise<l posiLion butter [ucilitutcs collection of 

the fallin~ 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 out invention that it 

will make deeper cuts than most presently operating continuous 

mining machines. As such, we estimate 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, 

Although 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

'ectives are desired, None of the 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. 
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\'le claim: 

1. A continuous mining machine assembly co1o1prising: 

a main machine body for moving said assembly with 

respect to the mine face; 

a support boom movably 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 tq said 

body 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 transporting sa.id same material away from the 

ine face; and 

follower means connecting said bridge conveyor to 

•;aid cutting head for causing said bridge conveyor to follow the 

rotation of said rotating head and to remain in substantially the 

same material receiving relative position with respect thereto. 

2. The assembly of claim 1 wherein said cutting head 

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 

f the equilateral triangle for momentarily retaining cut mater­

ial therein during at least part of the head's rotational cycle. 

3. The assembly of claim 2 also inclt'.ding means for 

rotating said·head in the boom which upon rotation of said cutting 

cad causes its bits to transverse a generally square trajectory 

hen viewed in the same cross-sectional direction as the head's 

quilateral triangle. 
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4. l'he assembly or cldin1 l wherein: 

said follower means comprises a track mounted on 

said head and a freely mounted track follower extending therefrom 

towards said bridge conveyor. 

5. The assembly of claim 4 wherein said track follower 

is pivotally mounted to a roller which 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 machine 

body; 

material gather-ing 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 conveyor with its own associated second cutting 

head disposed on the opposite side of the support boom; and 

_material directing means to guide the discharges 

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

figurat.i:on resemble·s a Reuleaux tri~ngle comprising the steps of: 

sumping said head while it is rotating into the mine 

face beginning near the mine floor to cut out a box cut therein 

hen viewed in cross-section;• and 
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after sumping said ncad substantially its entire 

depth, steering the mine face in an upward direction substantially 

the same depth as sumped, without removing the head, up to the 

mine roof. 

10. The method of claim 9 wherein said sumping step 

takes place in a generally horizontal plane to produce deep linear 

cuts which are perpendicular to the bedding planes as said cutting 

head cutters cut on the up stroke at the mine face; and 

said shearing step takes place in a generally vertical 

plane to produce deep linear cuts 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 tra~sporting the cut material away from the mine face by 

a movable conveyor located adjacent the discharge from the cutting 

head; and . 
oscillating the front end of the conveyor so that 

it follows the rot~tion 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. 
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