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FOREWORD

This report was prepared by Bituminous Coal Research, Inc., Monroeville,
Pennsylvania, under USBM Contract No. H0220061. The contract was in­
itiated under the Coal Mine Health and Safety Prog~am. It was adminis­
tered under the technical direction of TCMRC,with Mr. K. Strebig acting
as the technical project officer. Mr. F. Pavlich was the contract ad­
ministrator for the Bureau of Mines.

This report is a summary of the work recently completed as part of this
contract during the period June 22, 1972 to April 18, 1973. This report
was submitted by the authors on May ll, 1973.

This technical report has been reviewed and approved.
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Bituminous Coal Research, Inc.
Sponsored Research Program

The State-of-the-Art in Continuous Mining
Machine Bit Technology

I. INTRODUCTION

After many years of research, the occurrence of pneumoconiosis, black
lung disease, among miners has been related to the mass of respirable coal
dust to which mining personnel have been exposed. Congress passed Public
Law No. 91-173 in 1969, which limited the dust concentration of respirable
dust allowed in the mine working areas to 2.0 mg/m3

" as of December 31,
1972.

As a result of these restrictions, much work has been done in determining
methods of either eliminating or suppressing respirable dust. The purpose of
this project is to determine the state-of-the-art in continuous mining machine
bit technology, particularly with regard to dust production.

The specific objectives of the project are:

1. To determine and recommend the need' in the area of continuous mining
machine bit design and manufacture so that respirable dust can be reduced
during the fragmentation process.

2. To evaluate all factors of bit design, including bit length, strength,
durability, cost per ton of coal mined, and the possibility of internal water
flushing.

3. To evaluate all recommendations from both an engineering and econom­
ic standpoint.

The scope of the survey included visitations to bit manufacturers, mining
companies, mining machine manufacturers, and consultants in order to determine
what bits are the best available, why they are the best, and the level of
acceptance of past and present bits by the mining industry.

In the presentation of this material, no reference will be made to spec­
ific companies or bit trade names. Instead, the bits are referenced to style
numbers illustrated in Figures 1 and 2. References in the text to point
attack bits will include plumb bob bits (Styles 1 through 9) and bullet bits
(Styles 14 and 15). References to cutter bits will mean rectangular shank.
cutter bits, Styles 10 through 13.
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Figure 1. Illustration of Bit Styles



Figure 2. Illustration of Bit Styles (Continued from Figure 1)
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A. Summary o~ Results

2. The policies o~ various mining companies with respect to purchasing,
equipment evaluation, and cost control methods are inconsistent,

The in~ormation, test data, and opinions obtained during the survey in­
dicate a wide variation in the results experienced by various operators in
regard to bit design and bit application. The reasons ~or di~~erences are:

In addition, personal preferences o~ many mine operators and equipment
man~acturers are based on work experience and are an important ~actor a~ect­

ing opinions on both selection o~ eqUipment and mining techniques employed.

5.

II. STATEMENT OF RESULTS, CONCWSIONS, AND RECOMMENDATIONS

Preceding page blank

3. Bit and mining equipment manufacturers' policies with respect to
sales and to research and development programs most o~en re~lect the coal
companies' "wants" and not their "needs."

1. Mining conditions between seams and between mines within a seam.
vary considerably,

I

I
I

I
I
I
I
I

I The survey results, based on this in~onmation, test data, and opinions,
can be summarized as follows.

I
I
I:
I
I
I
I
I
I

1. The production o~ dust is not a major consideration in either the
design or application o~ bits.

2. Limited test data were obtained which correlated bit design and
respirable dust. The data showed that dust concentrations were consistently
lower with Style 2 bits.

3. Mine operators generally believe that bit design is not a signi~icant

factor in dust production. They are concentrating their e~orts on the use of
auxiliary equipment such as sprays and ventilation to allay or remove the air­
borne dust rather than ~inding a bit design which may reduce dust production.

Even with these auxiliary methods, it is the opinion of most mine operators
that the 2.0 mg/rrf dust limit cannot be attained without seriously a~fecting
the production and/or economic position of the companies.

4. Because of apparent economic advantages, point attack bits are used
on a majority o~ the continuous mining machines in use today.

5. Good bit cost records are not generally available, and those mines
that have data do not include as part o~ bit cost "change-out" time, main­
tenance cost, or other costs directly related to bits.

6. Most tests conducted by mining companies are informal and do not
include controls, data collection, or formal reports.

7. Although most of the coal companies interviewed are not involved in
any test programs, they expressed a Willingness to cooperate in the development
of equipment or techniques for dust control.

-



6.

8. The coal companies feel that new equipment and/or mining technique
development is basically the responsibility of the USBM and equipment manufac­
turers.

B. Conclusions

Based on these results, several conclusions were reached, as follows:

1. In spite of the opinion of the mine operators that bit design itself
is not significant in controlling dust, we feel the limited test data available
indicate that bit design could be a factor in reducing dust production.

2. There is no "best bit" design for use throughout the industry; rather,
conditions in each mine dictate its "best bit" design.

3. The industry in general is not aware of the research now being
carried out and therefore does not have the opportunity to implement the
results of this work.

4. The reduction of dust production is not a factor in design of bits.
Economic considerations are the prime factor. Many bit manufacturers base
specific designs and their overall line on what their competitors are offering.
This line of thought is reinforced by the mining company operators who agree
that bit design cannot significantly reduce dust production.

5. other factors, such as number of bits, bit speed, lacing patterns,
have a significant affect on bit performance, particularly with respect to
dust. Changes in bit design alone may not result in reduced dust generation.

C. Recommendations

Based on the results and conclusions outlined above,

1. Basic and applied research programs should be established in the areas
of: (a) new mining techniques, such as combined hydraulic and machine num.ng;
(b) cutting technology involVing all types of bits, particularly with respect to
rock, pyrites, and other inclusions encountered in coal seams; and (c) the influ­
ence of bit design on other machine cutting parameters, such as lacing patterns
and bit speed.

2. Most published cutting research has been done using wedge-type tools.
Research should be expanded to include the point attack bits.

3. Every effort should be made to disseminate the results of research to
the industry and to encourage its incorporation into mining practices.

4. The mining companies and equipment manufacturers should become more
involved in research and development programs, particularly those sponsored by
the USBM. Underground tests should be conducted under controlled conditions to
determine the effect of bit design on dust production and, if possible, to rec­
ommend a design which will reduce dust production to a minimum.

The material outlined in this section is discussed in more detail in other
sections of this report.
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7.

III. SURVEY METHODS

In order to develop the information required under this contract, it
was decided that personnel from a large cross section of the mining industry,
including m~n~ng and manufacturing operations, would have to be interviewed.
The basis for selecting the companies was as follows:

A. Mining Machine Manufacturers

Since there are only three major m~n~ng machine manufacturers; Joy, Lee­
Norse, and Jeffrey, it was decided to interview personnel from each of these
companies.

B. Bit Manufacturers

Of the approximately eleven bit manufacturers, seven can be considered
major suppliers. It was decided to interview personnel from all seven of the
maj or companies and from as many of the smaller companies as time would per­
mit. Eight companies were interviewed; two others were contacted but did not
want to participate.

C. Mining Companies

Since it was impractical to interview personnel from all the mining com­
panies, the selection of appropriate organizations was based on the following

.criteria:

1. The selections were from those companies listed in the 1972 Keystone
Coal Industry Manual.

2. Companies of various sizes, were selected based on the production
figures listed in the Keystone Manual in order to obtain a complete cross
section of the mining industry.

3. The mines were located in the major eastern coal producing states
including PennsylVania, Ohio, West Virginia, Kentucky, Illinois, Indiana, and
Virginia, and included mining operations located in both high and low coal.

4. Only underground operations utilizing continuous mining equipment
were considered.

Table 1 gives a summary of conditions at mines included in the survey,
and Appendix A lists all organizations and personnel interviewed.

Each organization selected was initially contacted to obtain agreement
to participate in the survey. If granted, a tentative meeting date was set
and copies of a questionnaire forwarded, prior to the meeting, to the appro­
priate personnel to give them some indication of the type of information
required and allow time to assemble data or other applicable information.
Copies of the questionnaires used are shown in Appendix B.
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11.

It was originally intended that all interviews would include personnel from
engineering, sales, purchas ing, production, maintenance, and e:ny departments
directly involved in .bit technology. During the actual interviews we were not
able to talk with all these groups for various reasons including:

1. Some organizations did not include all of these departments, or the
departments were combined in various ways.

2. The personnel were not available at the time of the meeting.

3. In any mining company the number of people who have information or
experience concerning the performance or wear characteristics of bits is limited.
The company representatives interviewed were from this select group.

The personnel interviewed at most mines were limited t~ mine superintend­
ents, vice-presidents of operations, or similar administrative personnel. Since
most mines are not organized to document bit information or data, their infor­
mation was based primarily on personal experiences and observations. The admin­
istrative personnel, having the most overall knowledge and experience with
operations, were best qualified to supply information for the survey.

The manufacturing companies generally appeared to have a more formal
organization; as a result, the interviews usually included personnel from
engineering, sales, and production. In any case an effort was generally made
to obtain specific information from the proper personnel not in attendance
either by phone dt~ing the meeting or by a follow-up letter or call.

The interviews were conducted using as a basis for discussion question­
naires designed for the type of organization in question. (See Appendix B)
The questions covered the specific areas outlined in Section I of this report
as well as other questions covering related areas such as dust control methods.
However, the discussions were not limited to these specific questions but
ranged over general areas such as operations, maintenance, the health law,
mining equipment, and personnel problems.

The answers to the questionnaire and other general comments made during
the interview were noted and later put in a report of the meeting. A copy of
the meeting report was sent to the personnel interviewed for their review and
modification as required. The.reviewed copy was then kept on file at BCR as
the official meeting report.

Information was also obtained from the following sources:

L A literature search was conducted to determine What research has been
carried out by various companies and/or research organizations not interviewed.
Abstracts of the pertinent articles are presented in Section VI, and a bibli­
ography of all articles is given in Appendix C.

2. A patent search was conducted to find e:ny new or novel bit configura­
tions that have been developed. Abstracts of several patents of new bits are
presented in Section VI, and a list of all the patents reviewed is given in
Appendix C.
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3. Interviews were held with a limited number of personnel not directly
in the mining or manufacturing phase of the mining industry. These included
a metallurgical consultant, a consultant on lacing patterns, and a retired
bit company executive who has developed a modified point attack bit.

4.
contacted
ducted by

The mining departments of all the major coal producing states were
concerning possible research and development programs being con­
state agencies.

All the companies or personnel either contacted or interviewed are listed
in Appendix A. The results of the contacts are presented in other sections of
this report.
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13.

IV. BACKGROUND OF BIT DEVELOPMENT FOR MINING

Few accounts exist of mining methods in early days, and there is prac­
tically no record of bit development.

Archeologists believe that prehistoric man dug copper ore from crude
trenches and washed gravel to mine gold. Findings in southeastern England
indicate that Neolithic man used the antlers and shoulder bones of red deer
as picks and shovels.

Later indications are that flint was mined to make tools, including
those used in ~n~ng. The method believed to be used was to sink a pit, as
much as 50 feet deep, and drive a drift.

The earliest recorded mining was done by the Egyptians in the torquoise
mines of the Siani Peninsula, about 3400 B.C.

The first iron tools were probably made from meteors which struck the
earth, but the origin of the use of iron tools is apparently unknown.

The Hopi Indians in northeastern Arizona mined subbituminous coal during
the tenth century from two seams that outcropped in the Black Mesa area.
Stone tools ~d pottery scrapers were used to remove the coal.

Up until the late 1800's, mining was largely a hand operation. In
practically every field. opened before 1840, the first coal was recovered by
quarrying or strip mining--the operations being by pick and shovel and on a
very small scale. New areas were opened as soon as mining became difficult
or expensive. The coal was usually undercut three to five feet into the face,
the miner lying on his side and using a pick. The coal was wedged down until
explosives came into general use in the early 1800's.

Beginning about the middle of the 1800' s, various pneumatically operated
machines were developed in Great Britain. These machines used hammers and
coal saws to cut the coal.

In both America and Europe there was much interest and activity in the
development of mechanical coal cutters. In fact, the hard physical labor
and low productivity of the man working with a pick and shovel had been of
concern almost from the beginning of the industry. The first really practical
machine was the English "Iron Man" developed by Firth of Leeds. The first
chain cutter was installed in the Lochwood pit in Scotland in 1864 and is
regarded as the ancestor of all the chain machines.

In spite of effort to mechanize mines, the pick and shovel remained king
until about 1920. Up until this time, the main reason for the relatively
slow development of mining machines was the lack of materials of sufficient
strength for shafts, gearing, and other components, particularly cutting bits.
Beginning in the 1920's, a large number of different machines were offered,
particularly loading equipment. In 1922, the first all mechanical mine was
opened at Oakland City, Indiana, signifying that the machine was really on
its way.
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Irnpr~vement in bits for both drilling and cutting was marked by the intro­
duction during the 1920's of detachable bits for augers and the start of work
on something better than the old quenched carbon bit for cutting. Although
a beginning had been made on the throw-away bit, the main emphasis was on hard­
surfacing and heat treating. Up until this time bits were generally forged by
the blacksmith at the mine from 1 x 1/2 inch carbon steel bar. Resultant bits
were pointed tools with 1 x 1 inch shanks.

Although improvements in mine machinery were made during the next two
decades, it was not until the early 1940's, after more than half a century of
trying, that the United states coal industry finally achieved full mining and
loading with a single machine. This was made possible by the development of
a bit utilizing a tungsten carbide tip. McKenna Metals Co., now Kennametal,
Inc., is credited with pioneering this work, starting in 1941, and achieVing
commercial status in 1944. These bits were of the rectangular shank type,
with broad, generally flat cutting faces.

Advances in metallurgy made possible machine components, as well as bits,
of sufficient strength to permit the use of compact high horsepower electric
drives in the cutting of solid coal. As a result, the capacity and economy
of these machines have improved considerably.

The next, and last, significant change in bit design was the point attack
or plumb bob bit introduced from England in the early 1960's. This is a round
shank bit, normally utilizing a carbide tip, which tends to rotate as it cuts.
This characteristic allows the bit to wear down while still maintaining a
relatively sharp point. Theoretically, this extends its useful life and makes
it more economical in terms of bit cost per ton of coal mined.

Both the original carbide tipped bit and the point attack bits have many
variations, but the experience of the operators has been that no one design
can be used in all mines.

At the present time no radical changes appear to be forthcoming in either
bit designs or materials. Most operators agree that the present bits are
adequate, and the next step in mining will probably be development of new
mining techniques.

Economics has been the motivating force in the development of mechanized
equipment. This has been especially true since the 1930's when unions became
more powerful and started Winning large economic gains for their members. The
effect of mechanization can be seen in the follOWing figures which reflect the
increase in production per shift of a unit foreman and crew.

1. In 1910, 30 men and $10,000 in equipment produced 125 TPD.

2. In 1960, nine men and $300,000 in eqUipment produced 750-800 TPD.

3. In 1970, six men and $800,000 in equipment produced 1500 TPD.*

It is significant that the gains indicated above were made possible, to a
great extent, by the development of better bits. Even today the efficiency of

* The 1970 figures were projected in 1961 and may not be accurate.
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a mining operation depends on the useful life of the bit. It would seem
logical, therefore, that research and development of improved bits is an
absolute necessity if mining efficiency is to increase.
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A discussion of specific areas of interest with regard to bit design is
presented in the following sections.

The order of importance of these considerations varied with different companies,
but they are all directly related to the economics of operation.

Until research and development work is undertaken to prove that bits can
significantly reduce the respirable dust concentration, mine operators will
continue to select bits which give minimum operating costs.

1. Basis for Selection of Bit Design: As with most corporate policies,
the primary basis for selection of bits is economics. The specific reasons
given for use of a particular bit were:

17.~----------
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V. ANALYSIS OF INFORMATION AND DA'm FROM THE SURVEY

2. Industry Acceptance of the Point Attack Bit: Since their introduction
to the American mining industry, point attack bits have been widely accepted,
as indicated by the data presented in Tables 2 and 3. The 31 different compa­
nies listed, representing 54 mines, employ 390 continuous mining machines of
various designs, and require approximately 43,500 bits. Point attack bits are
used exclusively by 342, or 88 percent, of these machines. The remaining 58
machines include 23 which used cutter bits on the chains onlY; two which used
them on the end cutters; two, at unspecified locations; and 31 (approximately
8 percent of the machines) used cutter bits exclusively.

It also became apparent that mining people feel it is impossible to sepa­
rate the discussion of bits as related to dust control from other factors such
as types of mining machines used, mine conditions, ventilation methods, oper­
ating personnel, and auxiliary equipment.

The amount of dust produced by a specific bit design is given little or no
consideration. This does not reflect apathy of the operators for the miners'
health but their conviction that bit design itself is of little significance
in controlling dust. They feel that all bits dull quickly and thus lose a;ny
advantage a design may have had initially. They think it is more practical to
suppress the dust with auxiliary equipment such as sprays, scrubbers, and ven­
tilating fans than to attempt to reduce dust production. Only if there is an
obvious increase in dust will the use of a new bit be discontinued.

A. Mining Companies

a. The initial price of the bit,
b. Service provided by the supplier; i.e., (1) prompt delivery of

bits and (2) technical help readily available to resolve problems related to
bit quality or mining conditions.

c. The economics of operation, i.e., bit cost per ton of coal mined.

An analysis of the information obtained during this survey indicates the
mining companies are making every effort to comply with the Health and Safety
Act. However, they are often frustrated in their efforts by the economic im­
pact on operations, lack of information on new developments in dust control
methods, and lack of reliable equipment for determining compliance.
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One of the major reasons for this acceptance has been a major sales effort
by bit manufacturers which stressed the advantages of the point attack design.
The basic design concept of the plumb bob bit is that it rotates during opera­
tion and thereby maintains a sharp point at the tip, which theoretically gives
the following advantages.

a. Increased tool life and, therefore, lower bit cost per ton.

b. More efficient operation due to increased fracturing of the
coal.

c. Less rubbing action of the bit against the coal, resulting in
less dust.

d. Lower power requirements.

e. Less shock on the machines, resulting in less machine mainte-
nance.

The experience of the operators indicates that the success of this con­
cept varies widely within the industry, ranging from estimates of zero percent
of the bits rotating throughout their life to 100 percent, with the majority
indicating at least 50 percent rotation. Examples of the wear patterns of
bits are shown in Appendix D.

Inconsistency of bit performance has resulted in disagreement among the
operators concerning the advantages of the point attack design over the cutter
bit. For example, there were direct contradictions as to which design pro­
duced more dust; and the following advantages, based on a comparison of new
bits, were claimed for both the point attack and cutter bits.

a. Less dust produced, based mainly on visual observations.

b. Greater penetration and larger size consist.

c. Longer bit life. (For the flat cutter bit, this is based on
the ability to resharpen and reuse the bits on an average of three to four
times; for the point attack bit it is based on the "self-sharpening" feature
which allows its use to destruction.)

d. Better retention of the carbide tip.

The two points on which there was general agreement were (1) that after
a short time the advantages of one type of bit over another rapidly diminish
so that the main consideration should be ease and frequency of replacement;
and (2) the point attack bit requires less "change-out" time than the cutter
bit.

One opinion most frequently expressed was that the point attack design
is the most economical to use. However, no information was available to sub-
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stantiate this. This "cost-per-ton" data* listed in Table 3 vary from 1 cent
to 14 cents per ton, and the data for the cutter bits compare very favorably
with the point attack bit data. For the following reasons, however, the data
cannot be considered reliable:

a' Many companies do not maintain accurate data or data in suffi­
cient detail to isolate cost-per-ton figures.

b. In some instances different types of bits were included in one
cost-per-ton figure. (These are noted in Table 3.)

c. In no case did anyone indicate that the cost per ton included
any allowance for "change-out" time or other maintenance, exclusive of. resharp­
ening, that could be attributed to bit problems.

The main reason cited for not maintaining accurate cost data was that bit
cost is a relatively small percentage of the total cost per ton, and the added
expense of maintaining these records cannot be justified.

Another basis of comparison should be the tons of coal mined per bit.
Except for the very limited data presented in Table 4, this information is
not available. The limited amount of data and the considerable variation in
values indicate that no valid conclusions can be reached with this information.

In most industrial applications a piece of equipment will not be utilized
unless its operation has been explained by the manufacturer and is completely
understood. In the case of the point attack bit there is an obvious lack of
understanding of what causes the bits to rotate. In addition to simply "not
knowing," the causes of rotation given by the operators included:

a. Vibration of the machine.

b. The unbalanced forces set up .when the bit strikes the coal face
regardless of the attack" angle. - .

c. The friction forces of the cut coal as it falls past the bit.

d. The centrifugal forces set up by the rotation of the head and
the resulting axial movement of the bit.

e. The vibration and thrust of the machine.

f. The oscillation of the head.

g. The conical shape of the bit.

* IICost-per-ton ll figures are based on ra,,, tonnage except where indicated.
Information on clean coal was converted to raw coal by using percent reject
figures supplied by the company.
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TABLE 4. ROM* TONS MINED PER BIT

Company Mine Bit Style ROM Tons/Bit

E 10 3.0
E 17 3 1.3

2.8
14 1.5

5.6

F 13 12 6.0

J 17 7 32.4

N 23 4 30.8

R 31, 32 2 35.7
7 29.1

AA 45 7 29.8

BB 46 7 61.6

* Run of mine or "as mined" c:Ja1 including seam impurities.
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h. The unba.lanced forces set up when a bit, set at an angle of
5 to 10 degrees from the centerline of the machine measured in the horizontal
plane, strikes the coal face.

Because of this lack of knowledge of the mechanics of rota.tion, there is
also disagreement on what hinders or enhances rotation. Approximately 60 per­
cent of the operators felt that water sprays enhance rotation by either washing
out the bit holders or by the lubricating action of the fine coal slurry.
Approximately 20 percent indicated sprays hindered rotation by promoting cor­
rosion, caking, or washing the slurry into the holder. The remaining 20 per­
cent had no opinion.

As indicated in Figures 1 and 2, there are many variations within the cut­
ter bit and point attack bit designs. The most notable difference in point
attack bits is between the plumb bob, Styles 1-9, and the bullet bit, Styles
14 and 15. Some companies have made comparisons between these styles and have
listed the following advantages for the bullet bits:

a. Lower initial cost,

b. Less visible dust and therefore probably less respirable dust,

c. Faster "change-out" time than plumb bobs using a retaining pin,

d. Increased block life,

e. Decreased shank breakage (claimed for both the plumb bob and
bullet types).

Except for item "a," there are no data to substantiate these claims; they are
the personal opinions of the operators, based on their observations of mining
operations.

From the data in Tables 2 and 3, 67 machines (20 percent of those machines
using point attack bits), requiring approximately 7,439 bits, were equipped
with bullet bits. Therefore, in spite of its higher initial cost, the plumb
bob bit shows wider acceptance than the bullet. Again no information could
be found to explain this observation.

It would appear, therefore, that the advantages or disadvantages of a
bit depend primarily on its application rather than its design. Within the
industry, changes made in the style of bit used are the result of revisions
to mining equipment used; the introduction of a new bit and the associated sales
effort; an attempt to eliminate a specific problem; and, in some cases, to
reduce cost.

Generally, mining companies will change suppliers rather than bit types,
in an effort to reduce cost without sacrificing performance.

In summary, the point attack bits have gained wide acceptance due to (1)
the theoretical economic advantage of the self-sharpening design, even though
operating data, as shown in Table 3, does not seem to substantiate this claim,
and (2) the operators' lack of facilities and fUnds to conduct comparative
tests on bit designs.
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3. Purpose and Results of Tests Conducted by the Mining Industry:
There is an obvious lack of test data available from the coal industry with
regard to bit design. Many companies indicated they had conducted tests but
that these were time studies or performance checks of equipment, and no data
were kept nor formal reports written. However, some documented tests were
conducted, and outlines of these tests are presented in this section.

It must be remembered that conducting controlled underground tests while
maintaining production is extremely difficult. Many environmental conditions,
such as temperature, humidity, seam conditions, and human factors, cannot be
effectively controlled, making collection of meaningful data difficult. There­
fore, the results of these tests should be considered as indicative of trends
and not as precise conclusions.

An important observation from these tests is that the shortest and smallest
diameter bit, Style 2 of Figure 3, appears to produce the least amount of res­
pirable dust. Two independent tests produced the same results, indicating a
strong correlation between dust production and bit size. If this correlation
can be confinned through further testing, it could help to establish a "be<;t
type" bit design for reducing dust levels.

Most of these tests do not relate specifically to bit design and are in­
cluded for general information purposes.

a. Tests Related to Bit Design

(1) Company Q Bit Survey Data: Although not a formal test, a
number of dust measurements correlated to bit types (Figure 3) were taken in
four Company Q mines. The data were compiled and analyzed by BCR to determine
whether the dust level, as determined by the average values for the readings
taken, varied significantLy as a function of the bit used. The results of this
analysis, shown in Tables 5 and 6, indicate that the smaller bit (Style 2,
Figure 3) does reduce the dust concentration as compared to the larger bits.

Since no effort was made to control test conditions, the data
presented can only be considered indicative of a trend and no positive con­
clusions can be stated. Table 7 shows the operating parameters for the mining
machines used when the dust readings were taken. There appears to be no cor­
relation between these parameters and the average dust concentrations.

(2) Comparison of 90 Degree and 60 Degree Tip Plumb Bob Bits:
Company M conducted tests to compare the cutting action of plumb bob bits
using tips haVing included angles to 60 degrees and 90 degrees. Generally,
the results of these tests were:

(a) A size consist analysis of the coal showed that 60
degree bits, Style 4, produced larger coal sizes than the 90 degree bits, Style
5, (Figure 4) and therefore probably less coal dust. (See Figure 5.) However,
no dust samples were taken to substantiate this conclusion. The coal samples
taken for the general mine average size distribution curve (Figure 5) were
collected from a feeder from a 14,000 ton raw coal bin after the minus 6-inch
ROM coal had been through a rotary breaker. This curve includes no plus 6-inch
ROM material. When these samples were collected for the general mine average
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TABLE 6. AVERAGE DUST CONCENTRATIONS FOR VARIOUS BIT STYLES

No. Of Average Dust
Bit Style Samples Concentrations

Mine No. (Groups of 10) (mgjm3
)

30 2 13 1.22
6 8 1.56

28 11 24 1.38

27 2 14 1.19
6 4 2.05

29 2 16 1.33
15 8 1.40

Combined 2 43 1.27
Mines 6 12 1.72

15 8 1.40
11 24 1.38

37.
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TABLE 7. OPERATJID PARAMm'ERS OF THE VARIOUS MINERS

Head Speed
Type of Miner RIM No. of Bits No. of Sprays

L.N. 26H 89 126 22

L.N. 28E 87 80 16

L.N. 28H 89 112 20

L.N. 35Y 87 100 21

Colmol 60 105 12



Figure 4. Point Attack Bits Used un Company M Cutting Tests
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curve, a.l1 continu:lus miners were equipped with 90 degree, Style 5 bits. The
samples from the 9-LT section, used for the bit comparison study, were approx­
imately 3-pound grab samples taken from every tenth shuttle car.

(b) From the standpoint of economics, the tests indicated
that the 60 degree bits resulted in a lower cost per ton and reduced replace­
ment requirements. (See Table 8.)

Based on these results it would appear that the 60 degree bit
is superior for both Qust control and operating econe>my.

(3) Correlation of Bit Type tJ Dust Concentra.tion: Tests were
conducted by Company R using two different bits, shown in Figure 6, to deter­
mine vlhat effect bit design has on dust production. In this instance, the
tests were run in adjacent headings and an attempt was made t:l contr:)l param­
eters such as ventilation, water sprays, and sampler l:lcatLm. Because:.>f
these controls, the results of this test are probably more reliable than those
compiled frJm the Company Q data. H:lwever, many uncontrolled factors existed
which c:lUld cause errJr and prevent definite conclusLms from the data..

The results of this test, shown in Table 9, indicate that the
smaller Style 2 bits produced less dust than the larger Style 7 bit. In addi­
tion, the Style 2 bit had the b1'ler C:lst per ton, making it tlw better bit
both fnITL the standpaint of dust productbn and economics.

This test carroborates the results of the data submitted by
Company Q, where the same Style 2 bit was compared to several different bits.

(4) Tests:lf Dust Conditions: A series of three tests was
made by the Pennsylvania Department of Nines and t>1ineral Industries at a Penn­
sylvania mine ta determine dust conditions in the mine relative to the Penn­
sylva.nia Bituminous Coa.l Mining Laws of September 1, 1961. The first two
tests involved taking dust samples in the vicinity of the c:mtinuous miner,
the jack setter on the intake side of the face, the jack setter on the exhaust
side ::Jf the face, and the timber setter at the fa.ce area. Dust concentration
was not correlated t::J bits but rather to ventilation and spray water volumes.
The main differences between Test Na.· 1 and No.2 were the increases in water
pressure from 90 to 120 psi and in ventilation air from 10,000-12,000 cfm to
12,000-18,000 cfm.

The third test was made to determine changes in dust concentra­
tion due to use of a new type of cutting bit. The available reports do not
specify the bit, but personnel from one of the mining machine c:lmpanies in­
volved in the tests indicated that the bits were changed from a Style 6 to a
Style 2. As indicated in Table 10, the results of these tests are inconclu­
sive. Dust concentrations with the new bit showed no trend. The jack setter,
intake side, showed less dust; the jack setter, exhaust side, showed a slight
increase; and the continuous miner showed a significant increase. The report
on the third test made no statement on bits but recommended that more sprays
be put on the miner, water pressure be increased, and ventilation be changed
so the air would travel over the men to the return air course. Apparently,
test observers felt the bits had no significant effect on the dust concen­
tration.

From the text of the report it is apparent that no attempt was
made to control test conditions; and, during the third test, data such as ton­
nage, water and air flow, and mining times were not recorded. Therefore, the
results have no value for this bit survey.

Reproduced from
best available cop
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"TABLE 8. BIT BREAKAGE AND COST DATA FOR
60 DOOREE AND 90 DIDREE PLUMB BOB BIT TESTS

CONDUCTED BY COMPANY M

No. of Bits Used

Tons Mined

Tons/Bit

Bit Cost/Ton, Dollars

Replacement Improvement,
Percent

Cost ]mprovement,
Percent

90 Degree Bits

165

3510

21.3

0.067

60 Degree Bits

131

3267

24.9

0.055



Figure 6. Point Attack Bits Used in Company R Dust Survey
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TABLE 9. SUMMARY OF COMPANY R BIT COMPARISON TEST

Bits Used from 10/1-12/15, No.
Clean Coal Mined, Tons
Percent of Total Clean Coal Mined
Percent of Total Bits Used
Unit Price of Bits, Dollars
Cost/Clean Ton, Dollars

Summary of Dust Survey

Style 7

6500
189, 'Z79

53·5
58.6
1.08

0.037

Style 2

4600
164,244

46.5
41.4
0.93

0.026

Respirable Dust (mg-10~)

Coal Mined, Tons
Mining Time, Min.
Respirable Dust, mg/Ton

Reduction of mg/Ton, Percent*
Respirable Dust, mg/Min.

Reduction of mg/Min., Percent

Float Dust (+10~)~ mg
Coal Mined, Tons
Mining Time, Min.
Float Dust, mg/Ton

Reduction of mg/Ton, Percent
Float Dust, mg/Min.

Reduction of mg/Min., Percent

Test Conditions

20.69 7.21
981 998.4

383.79 218
0.0211 0.0072 ,

66 \
\

0.054 0.033
38.9

479.36 289.0
981 1441.1

383.79 . 298.74
0.5 0.2

60
1.25 0.97

22.4

Mining Machine
No. of Bits
Head Diameter
Head Speed
No. of Sprays
Sampler Types

Sampler Locations

Size Analysis Method

L.N. 26H
104
30"

90 REM
30

AEC Cyclones
& Unico Pumps
Miner Intake

& Return
Impinger

L.N. 26H
108
30"

90 RIM
30

AEC Cyclones
&Unico Pumps
Miner Intake

& Return
Impinger

ems/ton Style 7) - ems/ton Style 2)
* Calculated as (mgJton Style 7)



Data given in million parts per cubic foot

TABLE 10. COMPARISON OF DUST CONCENTRATIONS FOR
VARIOUS JOB DESCRIPTIONS
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Survey

Miner Operator

Jack Setter - Intake Side

Jack Setter - Exhaust Side

No.1

44.04

51.93

84.79

No.2

15.12

32.97

25.80

No.3

29.89

19.21

33.96
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(5) Bit Cost Surveys: The rnlnlng engineer at 1line Nc. 11 of
Company E made several surveys designed primarily to study changes in bit
c~sts resulting from changes in bit patterns and bit styles. The results, as
reported by the mining engineer, did show some significant cost reductions;
but, because of varying mining conditions during and between surveys, these
cost reductions could not be specifically related to the changes in lacing
patterns or bits. Therefore, the results can only be used to indicate possi­
ble trends as a r8sult of the indicated changes.

Following are summaries of the cost surveys. The bits referred
to are shown in Figure 7.

(a) Use of Style 14 Bits: This survey simply compared
bit usage in a particualr mine section when using Style 14 from two different
bit manufacturers. Results, as indicated in the summary below, show a much
lower bit usage for the bit from Manufacturer B, but no analysis was made to
determine the reason.

Bit Style No. Used (Test Period) No. of Shifts BitS/Shift
!

Style 14, Mfg. A 3477 (Jan, 72) 51 68 \
Style 14, Mfg. B 1182 (May, 71) 66 18

1033 (Dec, 71) 73 14

(b) Comparison of Style 1 and Style 3 Bits: For this sur­
vey a Lee Norse continuous miner was equipped with 34 Style 1 bits and 70 Style
3 bits at predetermined locations. The miner was put into Qperation to cut a
boomhole in the roof, 18 ft wide by 32 ft long by 36 in. deep. Strata at this
location was a sandy shale mixture interlaced with solid sandstone. After this
~peration, neither style of bit showed any degree of wear. The machine was then
put into an area that required taking three to six in. of bottom to make suffi­
cient height for efficient haulage. After a week's operation, the bit usage ~f

the test machine was compared to the usage of two other Lee Norse miners being
used in other sections. The results of this comparison are shown below.

Miner

Lee Norse Test Machine
Lee Norse Miner No. 1
Lee Norse Miner No.2

Bit Consumption

540
190
169

Because the three miners were operated under different
conditions and by different machine operators, it is impossible to make any
valid comparison of the results. Based on observations made during the test,
it was concluded that the Style 1 bits dull rapidly in coal and are not suit­
able for use on higher speed rotary head miners like the machine used in this
test.

(c) Effect of Bit LaCing Pattern: Because of high bit
costs, a survey was made to determine the effect of increa~ing the number of
Style 2 bits on the head from 108 to 140. Based on 9-days' operation with 108
bits and 12-days' operation with 140 bits, the bit costs of the two lacing
patterns were as follows:
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Old lacing (108 bits) - 1115 bits x $l.lO/bit = $.86/ton
1446 tons

New lacing (140 bits) - 799 bits x $l.lO/bit = $.39/ton
2232

Although the bit cost was lower, the new pattern did not
alleviate shank breakage or bits coming out of their assemblies.

Since the use of more bits decreases the load per bit dur­
ing cutting, the bit wear would be reduced. Less frequent replacement is re­
quired; therefore, a lower bit cost per ton is achieved as in this test. How­
ever, the overall effect, as reported by other companies, is an increase in
power reqUirements, smaller overall size consist, and more dust. As a reSUlt,
the general trend in the industry is to use fewer bits.

(6) COmparison of All Steel and Carbide Tipped Bit Performance:
A series of underground tests was conducted to compare the performance of
boron coated all st~el bits and carbide tipped bits. No data were collected
except to note the number of bits used and general comments cn bit performance.
This information is summarized in Table 11.

The results indicate the boron coated all steel bits performed
nearly as well as the carbide bits. The lack of data such as pictures of
bits, progressive analysis of bit wear, description of cutting conditions,
and comments on operator technique makes these results inconclusive.

A thorough evaluation of the all steel bit would require longer
tests in several seams with better documentation of the results.

b. Tests Not Directly Related to Bit Design
(
\

(1) Effect of Miner Head Speed: Coal Company K conducted some
tests to determine the effect of head speed on coal size. The reSUlts, pre­
sented in Table 12, indicate that a lower speed produces a larger size consist.
This is in agreement with results presented in various sources in the litera­
ture. Although the dust concentration was not measured~ personnel observing
the test indicated that there appeared to be less visible dust and, therefore,
probably less respirable dust.

(2) Effect of Lacing Pattern: Tests were conducted by Company
CC to evaluate the effect of different lacing patterns on the operation of a
Lee Norse CM32-2E miner. Two patterns, shown in Figure 8, consisted of:

(a) The regular discs with three rows of seven bits per
row on each disc for a total of 21 bits on each disc and 84 bits on the head.

(b) A special 1l4-line zig-zag" pattern with four rows of
seven bits per row on each disc with a secondary rig fitted with a single row
of ten blocks welded to the outer edge of the primary discs, for a total of
132 bits.
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Figure 8. Types of Lacing Patterns Used in Company CC Tests
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The results of these tests, presented in Table 13, indicated no
significant difference in bit performance. However, the tests were of short
duration and cutting conditions were rated "severe" for one pattern and
"average" for the other, which limits the reliability or usefulness of the
results.

(3) Effect of Wetting Agents: Tests were conducted by Company
K to determine the effect of anionic and nonionic wetting agents in spray
water. Anionic wetting agents impart a negative charge to the spray water
droplets, and cause the droplets to attract the respirable dust, as well as to
produce better wetting of the coal particle surface. The nonionic agents do
not impart any charge to the water but act strictly as wetting agents. Results
of these tests, presented in Figure 9, indicate that anionic agents produce
the better reduction of dust concentration.

4. Coal Industry Recommendations for Future Bit Development: The coal
operators had no specific recommendations for new bit developments. They felt
that coal companies are in the business of mining coa.l, and that bit design is
the responsibility of the bit manufacturers. Some operators said they had not
taken time to give any thought to bit design, while others felt they were not
qualified in this area. Most of the operators agreed, however, that many bit
modifications originate at the face and represent an effort to solve a partic­
ular problem.

Many of the companies using the point attack bit felt it is close to the
ultimate tool and that any further changes in the basic design would produce
only marginal improvements in dust reduction, which would not warrant the
expense involved. Other users felt there is room for improvement but had no
suggestions on what they should be.

Based on the opinions expressed by the operators, it appears the coal
industry feels little obligation or desire to financially support bit develop­
ment work. However, some of the operators expressed a willingness to cooperate
with bit and mining machine manufacturers to develop new tools by conducting
bit performance tests in their mines. If there is any hope of improved dust
control through bit design, it will only be achieved through this type of
cooperation. Although the bit can be "engineered" by the manufacturer, exten­
sive underground testing is required to prove the value of a bit. A valuable
contribution to bit development could be made by the coal operators by pro­
Viding the required underground test facilities.

5. Recommendations for Dust Control Methods: Because of their convic­
tion that bit design is not significant in dust control, operator~ have directed
much effort, as indicated by the tests outlined in Section III, to the develop­
ment and use of auxiliary equipment to control dust. The methods generally
considered important include:

a. Use of increased ventilation air properly directed over the
working area.

b. Use of auxiliary fans and duct to exhaust air from the working
face.

c. Use of machine-mounted scrubbers.



Part III: Results of Screen Analyses

Phase I Phase II
Partical Percent Cum. Percent Percent Cum. Percent

Size Range Weight Ash Weight Ash Weight Ash Weight Ash--

Plus 1/4 Inch 64.15 7.68 64.15 7.68 65.75 8.40 65.75 8.40
1/4 Inch x 28M 29.34 6.96 93.49 7.45 26.89 7.35 92.64 8.10
28M x 48M 2.25 7.66 95.74 7.46 2.79 7.26 95.43 8.07
48M x 100M 1.29 7.93 97.03 7.47 1.65 7.37 97.08 8.06
100M x 2OQ;1 0.83 11.54 97.86 7.50 0.88 8.66 97.96 8.06
200M x 325M 0.44 13.15 98~30 7.52 0.47 11.18 98.43 8.08
Minus 325M 1.70 28.75 100.00 7.89 1.57 24.78 100.00 8.43

Part I: Summary of Cutter Bit Data

TABLE 13. RESULTS OF TESTS ON LACING PATTERNS
CONDUCTED BY COMPANY CC

Phase I
Item (Regular Discs)

Phase II
(Special Discs)

9 - 1/6
24.44

14
.0307
.0235

53.

32"
4

28
38

132
Style No. 12

128
11
o
o

139
43084

3.77
Average

8 - 10/12
23.56

14
.0299
.0236

32"
4

21
21
84

Style No. 12
134

36
o
o

170
62.04
16.67

Severe

Summary of Mining RatesPart II:

Maximum Cutter Head Width, Feet
Frontal Area/Sump, Sq. Ft.
Average Rip Height, Inches
Average Sump Rate, Mins/lnch
Average Rip Rate, Mins/lnch

Diameter of Cutter Disc
Number of Cutter Discs
No. Bits/Inner Disc
No. Bits/Outer Disc
Total NWmber Bits/Set
Type Bit Used (100% New)
Number Bits Dulled/Shift
Number Tips Broken/Shift
Number Shanks Broken/Shift
Number Bits Lost/Shift
Total Bits Replaced/Shift
Bits DUlled/100 Net Tons
Bits Destroyed/100 Net Tons
Cutting Condition

I
I
I
'I
I
I
I
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I
I
I
I
I
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I
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d. Use of wetting or foaming agents in the water sprays.

e. Development of improved spray patterns.

f. Dete~ination of appropriate lacing patterns and head speeds
for mining conditions.

g. Use of water infUsion, particularly in long wall mining appli-
cations.

However, as the" dust limits become tighter, use of an optimum bit design
in conjunction with other control methods will be necessary to stay in compli­
ance and maintain production. It is, therefore, imperative that research and
development in bit technology be continued to determine an optimum design.

6. Analysis of Data Obtained: Data were obtained both in the form of
test results and from general operating statistics. Since the test results
are presented as part of the test summaries, this section will deal only with
the analysis of the statistical data.

a. Bit Usage as a Function of the Grindability Index: None of the
operators interviewed indicated that, when selecting bits, they gave any con­
sideration to measured physical properties of the coal. However, an analysis
of the bit usage data, presented in Tables 2 and 3, indicates a possible cor­
relation between bit design and grindability or hardness. This analysis,
presented in Figure 10, shows that the smaller plumb bob bits, Styles 2 and 3,
are used in softer coals having a higher grindability index while the heavier
bits, styies 4 through 8, are used in the harder coals having a lower grind­
ability index. The data presented were apparently developed as the result of
trial and error usage of different bits to determine the most economical design
for a particular mine's conditions. To determine the validity of this cor­
relation, a larger amount of data would have to be analyzed.

The significance of this relationship, if valid, is that:

(1) The grindability index could be a limiting factor in the
application of certain bit designs, particularly in mines with a low index.
Therefore, a design that produces less dust might be limited in application
because of the grindability factor.

(2) The grindability index could control the minimization of
bit costs per ton. For instance, hard coals with a very low grindability index
would require a more massive, more expensive bit.

(3) The varying grindability index of various mines could indi­
cate a need for the development of special application bits such as the all
steel, spiral ribbed, and coated bits.

b. Bit Selection as a Function of Bit Cost Per Ton: Bit cost per
ton was correlated "with bit .style and grindability, as shawn in Figure 11. No
consistant correlation eXists, which probably reflects the lack of adequate
cost control systems to isolate bit costs as well as the great variation in
mining conditions. "
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c. Bit Usage as a Function of Initial Bit Cost: Since most opera­
tors indicated that initial bit cost was a factor in selecting bits, the
analyses shown in Figure 12 was made to determine the importance of the unit
price factor. The number of each style of bit used on the continuous miners
was compared with the average unit price paid by the mining companies. The
results indicate that the most popular bit, Style 4, is not the cheapest and
other factors such as cost per ton, therefore, are more important. This
shows that the operators generally realize that bit economics is a function
of overall cost and performance rather than initial cost alone. It is signif­
icant since it indicates their willingness to pay more for a bit if it does a
good job.

B. Bit Manufacturers

As in any industry, acknowledged "leaders" among the bit manufacturers
carry out the development of new designs and/or materials. The other manu­
facturers utilize these developments and serve as "suppliers" to the coal
industry, basing their existence primarily on being able to sell bits at or
below their competitors' prices. As a result, there is practically no differ­
ence in the bit designs available from the different manufacturers. The status
of each company depends, to a great extent, on such factors as development of
an aggressive sales program, refinement of manufacturing processes to give
max~um quality at minimum cost, and continued development of new bits. A
discussion of these factors is presented in this section.

1. Comparison of Bit Manufacturers' Sales Programs and Coal Operators
Buyers' Specifications: To determine the factors that bit manufacturers and
coal companies considered important in bit selection, inquiries were made
concerning the relationship between sales programs of the manufacturers and
the purchasing specifications of the buyers.

a. Sales Program: Following is a summary of the factors, listed
in order of importance, stressed by the bit manufacturers in their sales pro­
grams .

(1) Performance - Includes service life of bit, bit cost per
ton, and maintenance costs directly associated with bits.

(2) Service - This includes prompt delivery plus availability
of manufacturer's staff to solve a mine's particular problems.

(3) Initial cost - The unit cost of bits.

In no case was dust abatement listed as a factor used in any sales
program; however, manufacturers will attempt, through trial and error with
different bits, to reduce dust levels.

b. Buyers' Specifications: Following is a list of the factors,
in the order of their importance, which the mine operators consider in the
selection of bits. The factors are defined as in item a, Sales Program,
unless noted otherwise.

1
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(1) Initial cost.

(2) Performance.

(3) Dust - Only in recent years has dust abatement become a
factor in buyers' specifications.

(4) Service.

2. Manufacturing Processes: All of the bit manufacturers interviewed
use the same basic manufacturing processes. Many would not divulge the heat
treatment used or the resulting hardness profiles of the bits. Generally, the
manufacturing process consists of:

a. The rectangular shank cutter bit is always forged; the bullet­
type bit is made from bar stock on an automatic screw machine; and the plumb
bob type is either forged or made on an automatic screw machine, depending on
the size and the manufacturer.

b. Some type of temper, quench, and draw heat-treating cycle is
used by all manufacturers, the major variation being the procedure for the
insertion of the carbide tip. The three heat-treating cycles commonly used
in the industry are:

(1) Shank and carbide tip brazed and heat-treated as a unit.

(2) Shank is heat-treated without the tip. The tip is then
brazed to shank. The brazing acts as a draw or tempering cycle resulting in
a soft steel area at the tip.

(3) Same as (2), except the tip is then quenched. This hardens
the area at the tip, but results in a soft line or area at the depth of heat
penetration.

c. Further details, such as hardness profiles, must be modified
to suit application and, therefore, no general statements can be made cover­
ing all bits.

None of the companies indicated that they had any major manufacturing
problems but rather problems resulting from bit application. For example,
fracturing or loss of the carbide tip results from the application of a stand­
ard bit to mining conditions for which it was not designed. This is corrected
by revising the grade of carbide or use of a different style bit.

A problem present in any manufacturing process is maintaining quality
control during production. Replacement of defective bits will correct the
problem for the mining companies but may require modifications to control
procedures used in the plant. This happens infrequently; and, although a
nuisance, is not considered a major problem.

3. Development of New Bit Designs: Three basic types of bits are pres­
ently being manufa.ctured, including diamond or duplex, rectangular shank

J
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cutter*, and point attack bits. Th~ paint attack group is made up of conical
shaped plumb bob and straight shank bullet bits.

The diamond bit is used only in cutting machines, and, for practical pur­
poses, is obsolete. Manufactured by only two of the companies interviewed, it
is an all steel throwaway bit with diamond shaped cross section (Appendix F,
Figure F-14, bits 1-11, 1-29, 1-2, and 1-6).

The rectangular shank cutter bit is being phased out for use in cutting
heads of continuous miners, and use is generally limited to conventional
mining cutter machines, borers, and trim chains on continuous miners. These
bits are manufactured by all except one of the companies interviewed. That
company indicated they do not plan to manufacture this. type bit.

The point attack bit is the most popular type and the trend is to increase
usage, particularly of the conical plumb bob bits. One company did not manu­
facture the bullet type; all others interviewed manufacture both types .of
point attack bits.

Illustrations of the types of bits produced by each manufacturer, along
with unit prices, are shown in Appendixes E and F.

The basic reason for development of new or modified bit designs is to
maintain or improve the bit manufacturer's economic position in the industry.
The direction a.nd extent of these development programs is dictated by one or
more of the following:

a. Requirements of a customer to solve a specific problem.

b. Efforts to develop new bits in anticipation of industry needs.

c. Efforts to improve the economics of the mining process by
increasing the productive life of the bit.

d. A desire to improve the economics of producing bits.

e. The necessity of staying abreast of competitors' developments.

A major consideration in development of new bits, or modification of
existing bits, is that the tool must be produced to sell at a competitive price
with a reasonable profit. In a.ddition, the design must answer an industry
need without requiring major changes to existing equipment. For example,
shank modifications are kept to a minimum to insure the interchangeability of
the old and new bits in the same block.

None of.the manufacturers indicated that abatement of respirable dust is
a fa.ctor in the development of a new bit, but is considered a side effect
which is determined in field testing.

* The term rectangular shank cutter bit refers to the "Rap-Lok" type cut­
ter bit. The interviews indicated that the cutter bit which is held by a set
screw is presently obsolete.
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The consensus of the manufacturers is that determination of the mechanical
properties of a bit is basically a process of trial and error involving numerous
field tests to determine what modifications are necessary for the bit to suc­
cessfully perform under everyday mining conditions. Among the larger manufac­
turers, there is a trend to employ fair~ sophisticated techniques such as
photoela.sticity, strain gages, and stress analysis in designing new bits.

Generally, all manufacturers a.greed that their initial selection of mate­
rials and metallurgical treatment is based on an engineering ana~sis which is
modified, as required, a.fter underground testing.

The highly competitive nature of the bit industry has undoubted~ held
prices down and resulted in a favorable economic situation for the coal indus­
try. In the overall picture, however, this market condition has probab~ hurt
both the coal and bit industries because:

a. The bit manufacturers ha.ve not been able to support much research
into fundamental cutting technology and the development of new bit designs.

b. The mining companies are reluctant to pay higher unit prices
for new bit designs when relative~ low cost bits will do the job. Therefore,
it is economical~ unfeasible to develop new bit designs for which there will
be little or no market.

c. The bit companies have been forced to concentrate their develop­
ment efforts on the immediate "wants" of the mines and not on the l:mg range
"needs" such as a bit which produces less dust.

In view of the developments that have taken place in most engineering
disciplines , it is difficult to believe that in this "space age," with its
new materials and technologies, mining methods have changed so little in the
past 20 years. The new mine health and safety standards and an increased
demand for coal due to the energy crisis should hopefully prOVide the impetus
for increased research in mining technology. Ifowever, until the manufacturing
and mining industries agreee to conduct a joint effort of research a.nd develop­
ment, it appears this stagnation will continue.

4. Bit Manufacturers' Evaluation of Bits a.nd Bit Performance: The
assessment of bit performance from the manufacturers' point of vie,v is shown
in Table 14. The items in this table include all opinions expressed by those
interviewed and indicate that in the bit industry, as in the coal industry,
disagreement exists concerning the relative merits of the different types of
bits.

Bit manufacturers disagree as to how various factors affect bit perform­
ance. The majority believe most of the bits do rotate during their productive
life. Some of the causes given for rotation are: the bit striking the solid
coal face, the broken coal falling past the bit, and the vibrations of the
machine. Water sprays are felt to aid rotation by washing dirt out of the
block and/or by the lubricating effect of the fine coal slurry.

Bit manufacturers feel that operator techniques can make a bit look good
or bad and how the operator uses the bit is often a function of his attitude

'1
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toward a particular color of bit, that is, the manufacturer's color code,
rather than the design.

In general, bit manufacturers feel that present bit designs are adequate
and there are no major problems with these designs. Most of the problems
can be attributed to:

a. A lack of maintenance, particularly the prompt replacement of
broken, worn, or dull bits.

b. Misapplication of a given design on a mining machine.

c. Metallurgical or mechanical problems arising from certain
mining conditi::ms peculiar to a particular mine or seam.

Some of the manufacturers indicated that bit lacing patterns and head
speed are important factors in determining bit performance. However, there
is disagreement as to who is responsible for the actual development of pat­
terns--the machine manufacturer, the mining companies, or a combination of
these.

The statement that present bit designs are "adequate" would indicate com­
placency on the part of the bit manufacturers toward developing new bits. How­
ever, this attitude actually reflects the competitive nature of the bit indus­
try and a lack of pressure from the coal industry to develop new bits.

5. Tests Conducted by Bit Manufacturers: Only limited test data were
collected from bit manufacturers because they have not been conducting any
formal testing programs. Their information on bit performance is obtained
through feedback frQm the coal companies and observations by the manufacturers'
field personnel. The available information included data on an extensive
research program conducted jointly by a coal company and a bit manufacturer,
and some comments on the performance of an all steel boron coated bit and a
plumb bob with spiral ribs. Unfortunately the tests on the tw::J bits were not
substantiated by data.

Most of the performance tests c::Jnducted by the bit companies are part of
their sales promotion effort. The test procedure consists of supplying a
small quantity ::Jf bits to the mining company to be compared on a cost-per-ton
basis to the bits then in use. All the bit companies interviewed in this sur­
vey have cooperated in this type of test with mines but, with a few exceptions,
they did not have any data or reports available for use in this survey.

Generally they felt that c::Jllection of perf::Jrmance data is a fUncti::Jn ::Jf
the mining c::Jmpanies, and indicated that such data would be released by bit
c::Jmpanies in a form suitable only for sales pr::Jmotion use.

This lack of test data reflects several factors:

a. The companies' attitude that the present bits are adequate and
require a minimum of testing to match seam conditions to a particular bit.

b. Because of the low profit margin, they cannot afford extensive
testing and research programs.
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c. There is 8. lack of any new developments which would require
extensive testing.

Once again this is an indication of the lack of pressure or incentive for
the bit manufacturers to engage in research and development of new bit designs.

A brief summary of the test information received follows.

a. Laboratory Investigation of Mining Tools: This test program was
initiated to investigate the effect of changes in the tip configuration of cut­
ter tools illustrated in Figure 13.

It was a cooperative project between Coal Company A and Bit Manufac­
turing Company C. The coal company supplied impurities and coal specimens,
and the bit manufacturing company provided test tools, laboratory equipment,
and manpower.

It was concluded, based on data derived from the laboratory testing
program, that a design incorporating front relief angle 1 of approximately 10
degrees combined with a top rake angle a positioned in a negative manner at
approximately 10 degrees should provide a more efficient cutting tool.

It was further concluded that higher speeds, approximately 600 to 700
surface feet per minute, are desirable for machining coal but that speed should
be reduced to approximately 200 to 300 surface feet per minute when impurities
are encountered. However, the feed rate or tool advance per revolution should
be maintained as high as cutting conditions will permit.

The data and results of this test were not considered final but were
to be used to point the direction for further stUdy and investigation to effect
the most desirable designs.

The cutting characteristics of the various tool geometries selected
were investigated by the measurement of forces created while machining coal
and coal impurities in a lathe.

The tangential force, or vertical force, is the result of the rotat­
ing work material being impacted upon the top surface or rake angle of the
tools. The horizontal forces were the result of pressures created by the feed.

These forces and cutting action were constantly observed and measured
during operation. The condition of tools after each test was also noted.

1 Relief angle is the angle between the edge of the tip and a line per­
pendicular to the center line of the tool. See Figure 13.

2 Rake angle is the acute angle between the face of the tip and a line
parallel to the center line of the tool. The angle is positive if the face
slopes downward from the point toward the shank; the angle is negative if the
face slopes upward from the point toward the shank. See Figure 13.
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Cutting characteristics were recorded by high-speed cameras at 1000
frames per second, which is approximately 40 times normal speed, for more
intensive study.

b. A Field Investigation of Mining Tools: Coal Company A and Bit
Manufacturing Company C embarked on a joint development program in early 1956
to improve the design and application of coal cutting tools and mining eqUip­
ment to reduce cutting costs and increase production.

This program, divided into two phases, was initiated by first procur­
ing fundamental information regarding cutting characteristics of various cutter
bit designs. The bit manufacturing company was furnished coal and iron pyrite
impurity samples by the coal company. A tool dynamometer was used to measure
forces involved while machining these samples. The tests were extensive,
covering a wide range of relief angles, rake angles, cutting feeds1 , and cut­
ting speeds. The results of the laboratory portion of the program indicated
the following:

(1) A more efficient coal cutting tool would incorporate a 10
degree relief angle and a negative rake angle.

(2) Cutting speeds should be maintained as high as possible
when machining coal but reduced upon encountering impurities.

(3) Cutting feeds should be maintained as high as cutting
conditions permit.

This laboratory work supplied basic knOWledge of the forces involved
in cutting coal and coal impurities. utilizing the data, successful field
tests were completed. Field tests involved the design, fabrication, and
testing of over 2,300 tools similar to those illustrated in Figure 13. Tools
were tested on a universal cutting machine and a ripper head continuous miner
under daily operating conditions. Each group of tools was continually observed
while in production.

This project resulted in data confirming a new basic concept for
cutter bit tip design, and theoretically would reduce cutting costs and increase
production throughout the coal industry. Such a tool incorporated

(1) A rake angle between +5 degrees and -10 degrees.

(2) ·A relief angle of 10 degrees.

The advantages of the suggested design are derived from a strong
cutting edge provided by an increased lip angleG This stronger carbide sec-

1 Feed is the rate of bit penetration into the material being cut.

a Lip angle is the included cutting edge angle between the rake and relief
angles.

1
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tion will reduce tip wear, chipping, and tip breakage, resulting in increased
production and decreased cutting costs.

Increased production is the result of:

(1) Increasing overall production time by shorter cutting or
mining cycle! time.

(2) Reducing the number of necessary tool changes.

Decreased cutting costs are effected by:

(1) Reduction of machine down-time.

(2) Minimizing bit breakage.

(3) Moderation of dust production, which will alleviate employee
discomfort and increase working efficiency.

(4) Reducing percentage of fine mesh coal sizes, which are
expensive to clean.

c. Test of New Spiral Bit: Coal Company L tested the new point
attack bit with spiral ribs, Figure 14, to determine the effect of the ribs.
Although no data were available, representatives from Coal Company L reported
that the condition of used bits indicated that 100 percent of the ribbed bits
rotated during the test compared to 50 to 60 percent of the standard bits.
This is substantiated by Figure 15 which compares a typical used bit from the
test with an unused bit and shows an excellent wear pattern, which indicates
the bit was rotating. Unfortunately, information on the length of service or
tons mined with this bit is not available.

Personnel of a major bit manufacturing company present during these
tests had the following comments:

(1) The bit had positive rotation, maintained its point, and
showed excellent wear patterns.

(2) It did not significantly increase production.

(3) Due to the number and positioning of the spirals, the bit,
as used in this test, cannot be forged, which results in high fabrication costs.

(4) In applications where approximately 80 percent or more of
the standard plumb bob bits rotate during their life, the added cost of the
spiral ribbed bit would not be justified.

1 A cycle of a continuous miner includes surnping into the coal face and
then shearing down.
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Figure 14. A Proposed Commercial Version of the Spiral Rib Bit
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Figure 15. Comparison of a Used and an Unused Bit with Spiral Ridges
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There were no data available to indicate the effect on dust produc­
tion. However, if maintaining a sharp point is critical to reducing dust, this
bit may show promise.

d. Boron Coated All Steel Bit: A new all steel boron coated bit
has been introduced by one of the bit manufacturers and has been tested on a
very limited basis in several mines.* The results of these tests have not
been documented so no specific data. are ~vailable. However, during the inter­
view the manufacturer claimed the following advantages for the all steel boron
coated bit over the regular carbide-tipped point attack bit:

(1) Since there is no carbide tip, the problem of metal eroding
away from around the carbide and exposing it to breakage or loss is eliminated.

(2) Less chance of operating with a blunt tip since there is
no carbide tip to break off.

(3) Greater penetration.

(4) Produces larger size coal.

(5) Less visible dust produced.

(6) Increased production.

(7) Longer life.

(8) Lower initial cost.

The single disadvantage mentioned is that the new bit is very pointed and
poses a safety problem, primarily in handling during installation.

The results of the limited testing to date generally showed:

(1) The boron coated bits showed more wear than the carbide-
tipped bits.

(2) The wear patterns were good.

(3) Breakage of the bit was minimal and apparently no greater
than that of the carbide bits.

Because of short test duration and relatively easy cutting conditions,
no meaningful evaluation of this bit can be made until further testing can be
done under controlled conditions.

In order to better evaluate this bit, BCR had metallurgical tests made on
several bits with results as shown in Appendix G. In general the report is not

* The proposed commercial version of this all steel bit is shown in Figure
16, and other designs of the all steel bit are shown in Appendix F, Figure F-15.
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optimistic about the bit, but indicates final evaluation cannot be made until
controlled underground tests are conducted.

6. Future Bit Development by Bit Manufacturers: Four of the companies
interviewed said they have new bits under development but information was
considered proprietary and could not be released. However, indications were
that one bit concerned new approaches to reducing dust production and the
others involved methods to improve bit rotation.

The bit companies' main effort for fUture development was indicated as
being in the area of improving production rather than new bits.

The inactivity in research and development of new bits reflects both the
lack of fUnds ava.ilable and the absence of economic incentive usually associ­
ated with new developments. As one manufacturer stated, his company will not
develop any new bit which cannot be patented. otherwise, it will soon be
copied by other manufacturers, which kills any incentive to expend money and
effort on development programs. Similarly, another company stated that they
do not do any development work, they just copy like everyone else.

With the economic restrictions that exist and the attitudes expressed
above, it is doubtful that any concerted effort can or will be made by the
bit manufacturers to expand their research programs.

7. Recommendations for Dust Control Methods: The bit manufacturing
companies feel that if bits are properly maintained, i.e., replaced when
dull or broken, they can reduce dust production. However, dust production
is not a design factor and bit companies do not design bits on the basis of
their being a dust control method. The manufacturers are aware of the various
methods of dust control; but, did not have any recommendations or opinions on
their relative merits.

c. Mining Machine Manufacturers

None of the machine manufacturers are currently involved in the produc­
tion of mining bits. Even though they are not involved in bit design or
development, the machine manufacturers are in agreement concerning most of
the aspects of bit application and design.

All the companies agreed that head speed, lacing pattern, and number of
bits are more important than bit design, particularly with regard to dust
production. This is shown by the fact that recent trends in machine design
include:

1. Although the results of the tests outlined in the "Field· Inves­
tigation of Mining Tools" (Page 66) indicates cutting speeds in coal should be
kept as high as possible, machine manufacturers have reduced head speeds from
800 to 900 ft/min to 500 to 600 ft/min. This is based on field experience,
and the advantages claimed include less energy expended, larger volume of coal
cut per revolution, less entrainment of existing dust, and probably less dust
produced. Neither information nor data were obtained to explain this differ­
ence in opinion on head speeds. The machine manufacturers indicated that the
primary effect of reducing head speed is to increase bit penetration, which
results in an increase in the size consist of the coal mined.
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2. Generally, the number of bits being used has decreased. The
resultant wider spacing of the bits theoretically gives larger size consist,
less dust, and minimizes regrinding of the coal. However, the maximum spacing
is limited by the coring problem, a condition which occurs when the lateral
spacing between bits exceeds approximately 2-1/2 in. It results in a ridge of
coal being left between adjacent cuts made by individual bits. Field experi­
ence indicates that (1) conical bits can have wider spacing than cutter bits,
and (2) too many bits result in too little force per bit, which reduces cut­
ting efficiency.

Bit gauge, distance from the drum to the tip of the bit, is not signifi­
cant so long as it does not vary more than 1/4 to 1/2 inch.

Clearance, rake, and attack angles, illustrated in Figure 17, are consid­
ered important to bit performance. Clearance and rake angles vary Widely on
cutter bits. The guidelines for setting these angles were given as follows:

1. Clearance angle - this is associated with the cutter bit and
should be a minimum of 10 degrees. Anything less will result in rubbing--with
increased power requirements, shorter bit life, and more dust. One company
normally specifies 30 degrees.

2. Rake angle - this also is associated with the cutter bit and is
normally positive and larger than 10 degrees, with one company specifying 30
degrees. This angle can be negative and will put the carbide in compression,
which should result in lower bit costs. However, the negative rake angle
increases both drag and power requirements.

3. Attack angle - this is associated with the point attack bit
and is normally held at 45 degrees, which tends to minimize bending stress
imparted to the shank of the tool. This is particularly important with the
bullet bit, which,is susceptible to bending because of its larger length to
diameter ratio. However, a company found that at 45 degrees the vertical com­
ponent on bullet bits was causing excessive bending; they had to use a 53-1/2
degree attack angle to eliminate the problem.

Rotation of the point attack bits is important in maintaining a sharp
cutting point which increases bit life, reduces dust, and maintains cutting
efficiency. All companies agreed that most bits generally rotate for the life
of the bit but require water to maximize rotation. The cause of this rotation
was given as random movement of the bit due to machine vibration during the
non-cutting portion of the cycle.

All the companies agreed that regardless of the bit used operator tech­
nique is an important factor in bit performance. The sumping and shear rates
are primary factors and consideration should be given to setting a shear rate
for a given condition. In addition, closer control of changing dull bits would
improve production, reduce maintenance, and minimize dust production.

1. Basis for Equipping Mining Machines with Particular Bit Design: The
selection of bit design on a new machine is usually made by the mining company,
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Clearance Angle
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I Coal Face

Solid Coal
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Bituminous Coal Research, Inc. 2022015

Figure 17. Illustration of Attack, Clearance and Rake Angles
of Continuous Miner Bits
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and is normally based on experience with bits in use in their mines. Bits may
also be selected simply to standardize bit usa.ge at a mine.

Lacing patterns are usually dictated by the machine manufacturer and then
modified as required at the mine. There is no engineering meth8d of choosing
a lacing pattern, and it is basically a matter of past experience in a certain
mine or sea~m. Dust production is not a considerati.on in the initial selection
8f a bit or lacing pattern.

Most new mining machines ordered by U.S. mining companies are equipped
with point attack bits, primarily because mining companies have found them
t8 give the best performance at best cost.

One manufacturer indicated that all of their machines sold in Australia
are equipped with flat cutter bits. They did not know the specific reason
but felt that either the type of c8al dictated the use of cutter bits or
there was lack of experience with point attack bits in Australia.

2. Machine Manufacturers' Appraisal of Bit Designs: Opinions ranged
from the conical point attack being the best all around bit to the statement
that its only advantage over the flat cutter bit is cheaper initial cost and
possibly some convenience in changing. Specifically, the appraisal of bits
by machine manufacturers was:

a. Advantages of the plumb bob (conical point attack bit)

(1) Deeper penetration.

(2) Lower cost per ton based on customer claims.

(3) Can be used to destruction.

(4) Are more convenient to change.

(5) The forces are applied along the axis, resulting in
increased life of the carbide tip.

(6) On a particular type of machine, with all other things
being equal, the point attack gives more breakage of the coal and less dust.

(7) Lower initial cost.

b. Advantages of the cutter bit

(1) Had higher cutting efficiency (HP-hr/ton), based on tests
cutting salt.

c. Disadvantages of the cutter bit

(1) The proper clearance and rake angles cannot be maintained
when regrinding. This often results in the bit rubbing or breaking off when
put back in operation, which offsets the economics of regrinding.
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In spite of the apparent advantages of the plumb bob bit, the machine
manufacturers felt there is no "best type" bit for the industry. There are
advantages and disadvantages to any type of bit, and dust will be produced
during the mining process regardless of the bit used. The amount of dust
produced is also a function of the seam being mined. However, one manufacturer
did indicate that he felt there was a best bit and lacing pattern for any given
mine.

3. Tests Conducted by Mining Machine Manufacturers: None of the com­
panies interviewed are presently doing any research or development work in the
field of bit technology. However, CJlle of the companies did sponsor a "Bit
Development Program" at Mellon Institute during the years 1965-1967. A brief
s~umary of this project is presented below.

a. Bit Development Program: A mining bit was mounted in the tool
holder of a planer and planing or cutting operations were performed on Indiana
limestone, potash, and regular salt using no confining pressures. These tests
were made at various cutting speeds and depths, and with different geometries
of bits. Force measurements of vertical, horizontal, and lateral components
were taken by means of SR-4 type strain gages and vfueatstone bridge circuits
and displayed on an oscillograph recorder. Cutting energy calculations were
made possible through the electrical integration of the horizontal force curves.

In general it was found that (1) forces increa.se proportionately
with an increase in cutting depth; (2) cutting speed has little or no effect
on the cutting forces; (3) the deeper the cuts, the more efficient the plough­
ing operation becomes; (4) cutting forces increase with an increase in dullness
of the bit cutting edge, especially the vertical forces which increase at a
much faster rate than does the horizontal force; and (5) the new vertical
wedge type of bit is more efficient than the other styles tested.

Although the tests were not conducted in coal, the results are in
agreement with the results of tests conducted by bit manufacturers and with
those described in the literature.

The lack of test data on bit performance from the machine manufac­
turers obviously is due to the fact that their business is designing a system
that will efficiently power the bits; therefore, bit design is of secondary
interest. However, due to the inter-relationship between the operation of
the machine and the cutting of the bits, it would seem appropriate for bit
companies and machine manufacturers to conduct joint research in the area of
cutting technology.

4. Recommendations for Future Bit Development: Although the mw~ng

machine manufacturers had no recommendations on new bit designs, they did make
the folloWing comments on presently used bits.

a. Bit designs should favor the profile of Style 8 rather than
Style 9 bits (Figure 1). This would minimize the frontal area impacting the
coal face and reduce the rubbing necessary to wear away this shoulder area.

b. Due to 50 percent volume displacement of the coal upon frac­
turing, a 5- to 6-inch vertical distance from the tip of the bit to the drum

"
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should be maintained for each 1 inch of penetration. This is necessary to
allow the coal to be conveyed away with a minimum of secondary breakage.

c. Spiral ribs on a bit appear to be dust generators because of
their roughness and additional bit surface area.

These comments are based on personal opinions and not on operating or
test data. The points seem to have some validity and may significantly affect
mining machine performance. Therefore, it would be appropriate that a test
program be undertaken jointly by operators, bit manufacturers and machine
manufacturers to investigate the effect of these items.

5. Recommendations for Dust Control Methods: The primary method of
dust control proposed by the mining machine companies was ventilation, which
includes both mine and section ventilation plans. One company indicated 95
percent of the dust can be removed with proper ventilation. Other methods
suggested included:

a. Machine mounted scrubber units.

b. Water sprays, particularly in elimination of float dust.

c. Slower bit speeds and deeper penetration.

d. Water flushed bits.

All of the companies agreed that new techniques such as high pressure
water jets would not be economically feasible in the near future. One company
did indicate that high pressure jets or sonic devices may be practical if used
in conjunction with a mining machine to prefracture the coal.

As with the operators, the machine manufacturers did not include bit
design as a significant method of dust control. This opinion appears to be
based on observation of the present bit and their conviction that dust will be
produced regardless of bit design.

D. Research Organizations

Four domestic research organizations contacted were not doing, and had not
done, any work that would be of value to this survey. These organizations did
not anticipate doing any research in this area, which is an indication that
bit design is apparently not considered significant in trying to control dust.

During the period September 23 to October 22, 1972, two BCR engineers
visited research facilities in England, France, Germany, and Belgium to discuss
respirable dust and related mining research. The limited amount of information
obtained from the European research organizations generally refers to longwall
miners, since these are predominately used in Europe. From the information
obtained from the Mining Research and Development Establishment, Stanhope
Bretby, England. there is a trend to use fewer bits and lower rotational speeds
on longwall shearers. Previously, 60 to 70 bits rotated at 60 to 70 rpm; now,
in coal with little or no rock, shearers may have eight bits, two inches wide
at the cutting surface, rotating at 30 to 40 rpm.
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other factors cJnsidered tJ be very important are that the width and
depth of the cut should be the same, and that the bit spacing should be
between three and four times the width (or depth) of the cut.

Several comments on bit design were made by the personnel B.t CERCHAR,
Paris, France. They felt that the plumb bob style bits do not have any advan­
tages over the rectangular shank cutter bits, except that in the plumb bob
bits, the carbide is positioned in such a way that it is in compression. They
feel this is the best possible position, since the carbide is less like~ to
break off and will last longer. On some rectangular shank cutter bits, a
plate of carbide is placed on the front surface. They felt this ~ras an
extremely poor and obsolete design since it makes very poor use of the prop­
erties of carbide. The carbide is resting on a piece of steel which flexes
at a pressure greater than the carbide, so the carbide will break and chip
off. Their preferred design is a plug of carbide, such as that used on the
plumb bob bits, or with a rounded insert having a curved back surface to give
full support to the carbide and prevent any flexing.

In terms of cutting coal, they feel the rectangular shank cutter bit is
probably more efficient.

Research has also been done at CERCHAR in flushing water through the bit.
This helped reduce the dust, but the concept has not yet been accepted by the
French coal mining industry.
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VI. ABSTRACTS OF ARTICLES FROM BIBLIOORAPHY

Examination of the articles in the bibliography reveals several facts.

1. Much of the published research in the field of coal cutting (bit
design, physical properties of coal, factors affecting the cutting of coal)
has been carried out by the English.

2. Most of the research, both in England and America, has been with
either wedge type or rectangular shank cutter bits. In addition, many of
these bits are all steel rather than carbide tipped.

3. There is general agreement that the following parameters have a
definite effect on bit performance:

a. Bit linear speed.
b. Depth of cut.
c. Sharpness of the tool.
d. Coal properties.

Little has been done in the area of bit design as a means of reducing
respirable dust concentration. The researchers indicate that dust in in­
evitable and most work with dust is in the area of dust suppression using
sprays, ventilation, and scrubbers.

Some of the articles do not deal specifically with continuous miner bit
design; but, as indicated in the abstracts, contain research techniques and
instrumentation methods that may be applicable to work on all types of tools.

Based on these articles, it would appear that there is much to do in the
area of bit research, particularly with the point attack style.

Abstracts of the articles most applicable to bit design follow. They are
numbered to correspond with the complete bibliography given in Appendix C.

2. A Laboratory Investigation of Rock Cutting USing Large Picks 314.000/64-7

An account is given of an investigation of the efficiency· of large slow­
moving picks taking deep cuts in rock. A rig, designed specially for full­
scale work on rock cutting, is described. Two types of pick, one pointed, one
chisel-shaped, were used, and measurements made of the forces imposed in cut­
ting, of the quantity and size range of debris produced, and of the cutting
efficiency, defined by the weight of rock removed per unit of work done. It
is found that cutting efficiency increases with increase in depth of cut,
reaching a constant value. It also increases with increased spacing between
adjacent cuts until an optimum spacing to depth ratio is reached beyond which
it falls. Efficient cutting may mean high pick forces because of the deep
cuts involved. As the depth of cut and spacing between cuts are increased
the quantity and coarseness of the debris increase. The chisel-type pick is
found to be more efficient than the pointed pick when cutting at optimum
spacing to depth ratios.
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A summary of the conclusions from this project is as follows:

1. The efficiency of the cutting process increases to a maximum as the
depth of cut is increased. For the picks used in the investigations, the
efficiency of cutting reached a sensibly constant maximum at a depth of
1-1/2 - 2 in.

2. For a given depth of cut, cutting efficiency increases as the spac­
ing between adjacent cuts is increased to an optimum value. Further increase
in spacing results in a reduction in efficiency.

3. The spacing to depth ratio g~v~ng the highest cutting efficiency
decreases as the depth of cut is increased. In the investigations described,
this ratio decreases from 4:1 at a depth of 1/2 in. to 1'5:1 at a depth of
2 in. with the chisel-type pick, and from 3:1 at a depth of 1/2 in. to 1'5:1
at a depth of 2 in. with the pointed pick.

4. Increasing the depth of cut or the spacing between adjacent cuts
results in an increase in the amount of rock removed per unit length of cut
and in the coarseness of the debris produced. At the same time, mean and pea~

cutting, normal, and radial forces are increased. Each of these quantities
tends to a const~nt value as the spacing is increased beyond the point where
relief is no longer afforded by the preceding cut.

5. At pick spacings, measured by pick centres, less than the width of
its cutting edge, the chisel-type pick leaves no annulus or core of coal to be
removed between adjacent cuts. At these spacings the pointed pick, which leaves
an annulus to be removed at all spacings, shows a higher cutting efficiency and
produces coarser debris. At spacings greater than this, the chisel-type pick,
leaving a narrower annulus, cuts more efficiently; the benefit obtained from
the narrower annulus decreases with increase in depth of cut.

6. The specific energy requirements of the chisel-type pick were lower
than those of the pointed pick when cutting at optimum spacing to depth ratios.

7. Peak forces ranging from 4'7 to 8'8 times the mean forces occurred
during cutting. Peak to mean force ratios were lower with the pointed pick
due to the nature of the cutting action provided by the wedge-shaped attacking
face.

8. Despite occasional peak cutting forces of nearly 13 ton, no chipping
of tungsten carbide 'tips occurred during the investigations, and the rate of
abrasive wear observed was low.

9. The investigations have proved the chisel-type pick to be superior
in performance to the pointed pick. The possibility exists, however, that
the efficiency of chisel-type picks may be improved by examination of indiv­
idual design factors, and further investigation is required.

There was no specific reference to dust production, but data on the size
consist produ~ed is presented, indicating that the chisel type bit, particu­
larly for wider spacing, produced larger size consist. It would, therefore,
be logical to assume that the chisel bit would also produce less dust.



Laboratory work on coal cutting has shown that:

(iii) The formation and dispersion of airborne dust should be low.

c. Shallow pick penetrations are essentially less efficient than deep
penetrations.

a. For efficient cutting, tools 'should have as large a rake angle as
possible and a back clearance of about 6 degrees.
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314.000/66-1The M.R.E. Large-pick Shearer Drum

f. With the above condition (e) observed, cutting efficiency improves
as the line spacing is increased.

i. The loads on each pick fluctuate continuously during cutting, rising
to a maximum immediately before a fragment of coal or rock breaks away and the
load on the tool falls. This process repeats successively throughout the cut,
the magnitude of the rise and fall in the values of the cutting force reflect­
ing the size of the fragment of material broken away.

h. Over the normal practical range cutting efficiency is independent
of pick speed (3), so that pick speeds should be kept as low as possible to
reduce the dispersion of dust into the air stream.

g. In general, the higher the cutting efficiency the larger is the
proportion of large coal that is produced and the smaller is the proportion
of fines and of airborne dust.

e. To avoid coring, pick penetrations should exceed one-third of the
line spacing, and for maximum relief the pick penetration should be roughly
half the line spacing.

d. A succession of shallow pick penetrations leads to the formation of
ridges or cores of coal between adjacent pick lines with a further substantial
decrease in cutting efficiency.

b. Simple flat-faced chisel-shaped tools are at least as efficient as
other shapes of cutting tool and generally show a marked superiority over
more complex designs.

(i) The quantity of coal extracted for a given power utilization
should be high.

(ii) The product should contain a minimum of fines and a maximum of
large and graded-size coal.

In this paper the application of the basic principles of coal cutting to
the design of a drum for use on an Anderton shearer loader is discussed. The
results of underground trials with the prototype drums are also reported. The
following aims were adopted as the essential requirements for a successful
shearer drum:

3.

I
I
I
I
I
I
I
I
I
I
I
I
I
I·
I
I
I
I
l



84.

j. The cutting edges on picks shoUld be kept sharp, since the force
required to cut coal increases in proportion to r 1/2 where r is the radius
of the tip edge.

These results show that efficient cutting results from deep cuts with
large picks widely spaced. If a machine can be designed or modified to ac­
cept the high forces on individual picks and the force fluctuations that are
inherent in rock and coal cutting, there will be substantial benefits in the
increased size of product and in the reduction in the make of fines and the
amount of dust produced. The rate of extraction should also be higher for a
given expenditure of energy than that achieved with a machine using a larger
number of picks which cut the material into comparatively small pieces.

The trials that have taken place have shown that it is possible to design
shearer drums with a very small number of large picks and that these drums can
cut both efficiently and smoothly. The size of the product is SUbstantially
greater than that obtained with orthodox shearer drums and the formation of
dust is reduced. However the benefits that can accrue from these large-pick
drums will only be realized if the haulage rate of the machine and hence the
pick penetration at mid-seam height are correct ,for the selected drum speed.
While the trials with small diameter drums proved that it is possible for
these drums to cut the coal, the machines failed to be successfUl because the
broken material could not be discharged onto the face conveyor quickly enough
and hence ,the haulage rates were restricted.

This difficulty is not present on the ranging drum shearer, or when large
diameter drums are used. Until the drum loading characteristics of small
diameter drums are improved it is necessary to restrict the use of the large­
pick drum to diameters above 40 in. Work is continuing on the small di&~eters

and it is expected that the size restriction will not be permanent.

4. study of the Picks of Mining Machines 311.000/64-2

This paper deals with flat cutter bits and is divided into two phases:

1. A single bit on a test rig, and
2. The work of the pick set in a cutting head.

The object of the investigation is to develop general laws governing:

1. The action of a new pick.
2. The wear on a pick.
3. The work of the pick set in a cutting head.
4. The work of groups of picks.

In addition, work was also done on (1) determination of the detrimental
effects of rocks on picks, (2) hardness of the coal, and (3) abrasiveness
tests.
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Some of the important results of the work include:

1. Bit speed has no noticeable effect on the forces required to cut
the rock.

On the whole, therefore, the achievement of a cutting head requires a
considerable amount of study followed by a long trial period.

2. The forces required to cut the rock increase as the rake angle de­
creases from +10 degrees to -35 degrees.

3. The clearance angle has little effect on the forces as long as the
angle exceeds 5-6 degrees.

No specific work was done on dust generation, but a water injection pick
was developed which cooled the tip and apparently had a fairly spectacular
effect on the suppression of dust in the underground tests of this bit.

314.000/70-3Bit Design: Key to Coal Cutting7.

It should be noted, moreover, that the study of a cutting head must take
into account its role as loader, which is too often neglected. Loading, in
fact, imposes a limit on the rate of advance of the machine; if we approach
this limit too closely, loading absorbs a large amount of power and causes
degradation of the products.

The laws relating to the phenomenon of cutting by sets of picks that were
determined in these experiments, and the special studies on the cutting heads
which followed, show that the cutting heads used on present machines can be
very considerably improved, although experience has shown that it is sometimes
very difficult to avoid secondary phenomena of the type due to lateral
clearance and abnormal friction.

4. The temperature at the cutting surface can reach 1500 C which is an
important factor in bit wear. This temperature varies with depth of cut,
speed of the pick, and the nature of the material being cut.
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This article deals primarily with factors of bit design which affect
operating costs and does not mention dust production. The general results of
the work discussed in this article can be summarized as follows.

1. The most efficient bit design has a frontal relief or clearance
angle of 8-12 degrees and rake angle ranging from +5 to -10 degrees.

2. Cutting impurities in the coal is a problem for bits, and they
should be designed to efficiently cut pyrite.

3. Power requirements to cut a given coal are almost constant regardless
of the sharpness or dullness of the bit. The ampereage required decreases as
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the bit dulls, but the time required to cut the same volume of coal increases
proportionately.

4. Bit cost is the real basis of selecting bits and should include
consideration of down time to change bits, number of bits used, and initial
cost.

This paper deals only with the rectangular shank cutter bit.

10. Single Pick Cutting in Dunsil Coal 314.000/58-3

This investigation was carried out using a standard carbon-steel pick of
duckbill shape having pick and clearance angles of 30 degrees.

Since this study dealt with only one bit design, it is not particularly
significant; but it does give some indication of the importance of bit ap­
plication in terms of depth of cut and forces acting on the bit.

The investigation described in this report was designed to determine the
effect of depth of cut, cutting speed, and direction of coal cleat relative
to line of cut, on the mean force and mean peak force acting in the direction
of motion on a single full-size coal cutter pick cutting in Dunsil coal. A
study was also made of the size grading and amount of broken coal produced
during the cutting operation. Cutting speeds used were 50, 200, 400 and
600 ft/min, nominal depths of cut were 0·1 in., 0·25 in., and 0·5 in., and
cleat directions were 0 degrees (cleat parallel to direction of cut) and
90 degrees (cleat at right angles to direction of cut), with the cut always
in the bedding plane.

It was found that mean force and mean peak force increased in an approx­
imately linear manner with increasing depth of cut; cutting speed had no
significance. Cleat direction affected only the mean peak force, which in­
creased more rapidly when cutting vdth cleat direction 90 degrees than with
cleat direction 0 degrees.

It was also shown that the larger percentages of fine coal obtained were
associated with the shallow depths of cut.

The energy consumption required to produce a given amount of coal was
found to be higher for the shallow depths of cut than for the deep cuts.



Since only one style of bit was used, the results of these tests are
limited, but they do give information on the effect of dulling and point out
the desirability of changing bits before they get too dull. The conclusions
from these tests can be s~arized as follows:

2. Over the range of experimental conditions investigated the machine,
when fitted ~th blunt picks, required on average 13 percent more chain
sprocket torque and 180 percent more haulage force than when fitted ~th

sharp picks.

3. The energy consumed by the machine in advancing unit distance
through the coal decreased as the pick penetration increased to an approxi­
mately constant level of 100 KJ per metre cut. On average 4 percent more
energy was required when using blunt picks than with the sharp picks.

6. When the effects of friction in the machine are eliminated it is
shawn that the cutting forces acting on both the sharp and blunt picks were
indistinguishable and that the penetrating force, measured in the direction
of jib advance was, on average, 250 percent higher for the blunt picks com­
pared with the sharp ones. In practical terms for a coal winning machine
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314.000/67-1

4. The percentage fines, defined as the percentage of the total
weight of coal passing through a 0·8 mm sieve, was greatest at the
shallowest pick penetrations and decreased as pick penetration increased.
The blunt picks, on average, produced 21 percent more fines than the
sharp picks.

5. Analysis of the forces on the jib showed that, for the sharp pick,
the pick boxes were subjected to tilting causing the bridge links to "jam"
across the jib race, while for the blunt picks there was no such effect. As
a result an average of 46 percent of the measured values of torque were used
in overcoming frictional resistance with the sharp picks compared with
52 percent for the blunt picks despite the much higher haulage force (and
hence the higher expected resistance to chain motion) in the latter case.

The object of this investigation was to determine the effect of natural
blunting on bit performance and frictional losses in the machine. The bit
used was a 1/3 size, untipped, carbon-steel type y~th a rake angle of 30
degrees and clearance angle of 25 degrees. Tne bits were mounted in a cutter
chain driven by an A.C. motor to give any chain speed between 14.2 and 130
m/min.

14. Coal Cutting Research

1. For both sharp and blunt picks, the mean chain sprocket torque and
the mean haulage force increased linearly ~th pick penetration up to 2 mm,
after which there Ivas a gradual decrease for both parameters up to a penetra­
tion of 2'5 rom. Additional tests ~th the sharp picks showed that with pick
penetrations bet,veen 2'5 and 10 mm the linear increase was re-established at
0·8 of the initial rate for the torque and 0'3 for the haulage force. The
"dip" in the curves can be explained in terms of the relief given to one
another by adjacent picks in an array.
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underground, provided there is a capacity for providing this higher penetrating
force overall efficiency will not be greatly affected by allowing a certain
amount of tool wear.

15. Initiation of Cracks in Coal Specimens by Blunted Wedges 314.000/64-6

This article describes laboratory tests performed to determine the effect
of blunting on the force required to initiate a crack in coal. The tool used
was an all steel asymmetric bit .375 in. broad and with rake and clearance
angles of 30 degrees. It was initially used sharp and after several cuts was
blunted by grinding a flat land on the cutting edge perpendicular to the
leading face.

Only one type of tool was used and no data were taken on changes in size
consist with the different degrees of bluntness. Therefore, the value of this
test to the survey is limited.

From the results of this test it was concluded that the force necessary
to propagate a crack in coal by using a blunted wedge is directly proportional
to the width or radius of the cutting edge raised to the power of half.

It is suggested that an explanation of this half-power relationship can
be found by an application of Inglis solution for the stresses around an
eliptical hole in a stressed plate.

16. Investigations into the Effect of Blunting a
Wedge-Shaped Tool

A. Effect of Direction of Blunting

314.000/60-2

This report is concerned with the performance of coal-cutting machines
and of coal-cutting tools.

A carbon steel pick suffers from two forms of blunting: in manufacture
the cutting edge is blunted by a land approximately 1/16 in. wide in a direc­
tion perpendicular to the leading face, while abrasive wear results in the
tip acquiring a wear land parallel to the coal surface.

Laboratory experiments are described in which a simple wedge-shaped tool
was used to cut grooves in coal. The tool was blunted in each of the two ways
described above and the effect on two of the components of force investigated.
These two components were: the cutting force acting on the tool parallel to
the direction of cut and the normal force acting perpendicular to the coal
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surface. A 1/8 in. land parallel to the coal surface produced no signifi­
cant change in either component when compared with forces acting on a sharp
wedge. However, a 1/16 in. land perpendicular to the leading face more than
doubled the cutting force and altered the character of the normal force as
well as producing a seven-fold increase in its magnitude.

A simple analytical treatment of the results indicates that, under all
the conditions tested, the penetration of the pick in the buttock of coal is
very small, so that only a small area near the tip of the tool is vitally
concerned with the cutting process. For the blade blunted perpendicular to
its leading face, virtually the whole of this land is subjected to the com­
pressive strength of the coal. The relevant value of coal strength is sev­
eral times greater than that derived from the crushing of 1 in. cubes.

The bits used in this test were all steel wedges blunted to give various
radii at the cutting tip, and the application of the results is limited. In
addition, no data were taken as to the effect on size consist of the various
bits, which limits the usefulness of the results for this survey.

The conclusions from the tests are . summarized as follows:

1. When the cutting tool was modified from its sharp condition by in­
troducing a blunt land 1/8 in. wide parallel to the coal surface no signifi­
cant increase could be detected in either the cutting or normal fo~ces. A
simple analytical treatment suggests that this result is likely to be valid
only for small lands (- 1/8 in.).

2. In both cases the mean cutting force (- 36 Ib wt) was much greater
than the mean normal force (- 7 Ib wt).

3. For both the sharp tool and the one blunted parallel to the coal
surface the characteristic form of the force-distance records are the same.
For each peak cutting force there exists a corresponding negative peak value
in the normal force, i.e., acting in a direction into the coal surface.

4. The effect of blunting the sharp tool with a land only 1/16 in.
wide perpendicular to the leading face was to modify drastically the magnitudes
of the forces acting. The cutting force was subjected to a twofold increase
from 38 Ib wt to 88 lb wt and the normal force a ninefold increase from 7 lb wt
to 66 Ib wt. The blunt land left when the 'flash' is removed from a 'standard'
forged pick would therefore be expected to affect the normal and cutting forces
substantially.

5. For the tool blunted perpendicular to the leading face the charac­
teristic form of the force-distance record is changed. The normal force no
longer makes any excursions in the negative direction. For each peak cutting
force there is a corresponding peak normal force always in the positive direc­
tion and of approximately the same magnitude.

6. In the analytical treatment it was asswned that the .full compressive
strength of the coal acted over fractions m and n of the wedge faces. For the
sharp tool and the tool blunted parallel to the coal surface these fractions
are very small, indicating that the part of the tool which is effective in
initiating the breakage of the coal is the very small area near the tip.
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7. For the tool blunted perpendicular to the leading face the com­
pressive strength of the coal acts over virtually the whole of the area of
the blunt land. The front face, however, is in contact over only a very
small area, indicating that again the penetration of the tip of the tool is
very small.

8. The analytical treatment of the results has shown that over the
small areas of the tool surface in contact, the crushed coal can exert a
thrust equal to more than 3-1/2 times its uniaxial compressive strength
(1 in. cUbes).

17. Investigations into the Effect of Blunting a
Wedge-Shaped Tool

B. Effect of Width of Blunted Edge

314.000/60-3

This report describes a theoretical and practical investigation into the
effect of progressively blunting the cutting edge of wedge-shaped tools. It
will be of particular interest to engineers concerned with the operation of
coal-cutting machines and to the designers of cutting tools. A deduction is
made that the force to be applied to a blunt wedge in order to propagate a
crack in a specimen of coal is proportional to the square root of the width
of the blunt land. Two experiments are described which were designed to test
this prediction.

An asymmetric wedge was used to cut grooves in specimens of Cwmtillery
Garw coal. It was used initially in its sharp state and then blunted in five
progressive stages by grinding flats on the cutting edge perpendicular to the
leading face. The fracture force, defined as the component of the peak cut­
ting force and the peak normal force acting perpendicular to the blunt land,
is shown to be proportional to the width of the land raised to the power
0·52 :t 0·05.

In the second part of the experimental investigation, four symmetrical
wedges were used, one sharp and the others having different radii ground on
their tips. These tools were used in straight wedge penetration tests on
samples of Rossington Barnsley Hards. The load necessary to initiate a
crack is shown to be proportional to the radius of the tip of the tool
raised to the power 0·48 ~ 0·04.

Both these experimental results agree with the theoretical prediction
within the limits of experimental error.

As in Section A, the value of the results of this report are limited
because of testing only one style of bit and the lack of data on the effect
of the bits on size consist. The conclusions from this test are summarized
as follows:
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Theoretical considerations lead to the expression

F = Kr°' 5
p

relating the fracture force Fp _and the radius of curvature r of the tool tip.
This is confirmed experimentally in both the continuous cutting and wedge .
penetration experiments.

For a continuous cutting process in Cwmtillery coal using blades blunted
by flat lands the exponent of r was 0'52 with a standard error of 0'05, where
r is the equivalent radius of curvature of the tool tip.

For wedge penetration in Barnsley Hards using wedges with 'radiused'
tips the exponent of r was found to be 0·48 with a standard error of 0.04,
where r is the radius of curvature of the tool tip.

Both results agree with theory within the limits of experimental error.

The paper deals with a study made in a munber of coal faces of the pro­
duction of respirable dust by Anderton shearers. The techniques of dust
measurement are described and the dust concentrations produced during the
operation of the machine are discussed. It was found that the mean dust con­
centrations arising during shearing ranged from 35 to about 15,000 particles
per cubic centilnetre. It appears that the dust levels fall as haulage speed
is increased and increase with cutting in roof or floor. The weaker coals
tend to produce less dust. Substantial reductions in dust dispersion can
often be obtained by changing operating conditions and this approach to dust
control should always be considered in conjunction with the application of
conventional dust suppression measures.

The levels of dust concentration found, ar~s~ng from both intake opera­
tions and the Anderton shearers themselves, have, in many cases, been very
high. On the 25 faces visited, the average face return concentration during
the shearing operation was less than 850 particles/cu em in only seven cases.
As mentioned earlier, the dust sampling techniques were not those of the
"approved conditions" sampling progranune, but give, nevertheless, an indi­
cation of the magnitude of the problem facing the dust suppression engineer.
The trend towards concentrated mining means that a cutter loader will be
operated on every shift and that, within a shift, improved techniques of roof
support, roadway ripping and stable hole advancement will allow the machine
to be used during a high proportion of the time. In consequence, the shift
mean dust concentration will tend to approach that recorded during shearing
in the present work. Similarly, the average dust level from the ancillary
roadways and face operations can also be expected to rise.
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The Anderton shearer causes the dispersion of relatively large quan­
tities of fine dust because of its high rate of working of up to 5 ton/min
and its relatively small depth of cut per pick which, at the most favorable
angle of incidence, is rarely greater than 1 in., and the high pick speed.
A further feature of the machine is that a high proportion of this fine dust
is generated at the top and bottom of the drum, where the picks take small­
depth. tangential cuts.

The observations made in the present study indicate, that the dispersion
of respirable dust from an Anderton shearer can be affected by operational,
environmental, and geological factors, as follow:

(a) Operational

(i) The haulage rate of the machine along the coal face: dust pro­
duction per ton rises as haulage speed is reduced. The consequent dust con­
centration is also increased under these conditions, notwithstanding the
smaller rate of coal production.

(ii) Cutting in roof or floor: dust make is greater because of the
change in material at a place where depth of cut is at a minimum. In some
cases, there is an associated reduction in haulage speed.

(iii) The number of picks and drum rotation speed: dust level is
greater at lower depths of pick penetration.

(b) Environmental

Face ventilation: as the volume of air flowing through the face is in­
creased, dust is diluted to a greater extent. The limited information ob­
tained does not give any firm evidence of when greater respirable dust
pick-up at high air speeds annuls the advantages of dilution.

(c) Geologi cal

(i) The nature of the coal appears to have considerable effect on
dust make. Strength and moisture content are probably the important param­
eters: there is a tendency for dust production to be at a minimum with
rather fragile coking coals in the 20 to 30 percent, volatile content
range.

(ii) Characteristics of floor and roof are of importance in view of
the high dust production from top and bottom of the drum. Unevenness of roof
or floor may necessitate cutting in the shale; cutting in a hard material can
cause reduction in haulage speed.

(iii) The presence and nature of dirt bands in the seam, though af­
fecting mineralogical composition, appear to have but little effect on dust
quantity, apparently because of the large depth of cut at mid-seam height.

A salient feature of the present results is the indication of common
requirements for high productivity and reduction in health hazard. If a
machine is operating most efficiently, being hauled along the face at the
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(b) Mean crushing strength decreases as side of cube increases.

The results of the research on physical properties can be summarized as
follows.

This paper describes research done on the physical properties of coal;
elasticity, compressive strength, and tensile strength; and application of
the results of this research to the mining process.

314.000/68-2
33. The Properties of Coal in Relation to Mechanical Coal

Winning

(a) The crushing strength of cubes of a particular size shows a
wide variation, even when specimens are cut from a single lump of coal (see
Figure 2);

2. Uniaxial Compression - Uniaxial compression is probably the simplest
test to carry out. Many tests of this nature were performed, mainly on
cubical specimens of a range of size. Two important conclusions emerged from
this work:

The physical picture of coal which emerges from these investigations is
that of a material which is ramified with cracks and flaws, ranging in size
from macroscopic to sub-microscopic. The action of stresses applied at the
surface of specimens is to generate high tensile stresses in the vicinity of
cracks, even when the applied stresses are compressive. The 'links' in the
'chain' are cracks situated in a potential line extending through the
specimen. The tendency to propagate depends upon size and shape. One of
these cracks, the 'weakest link,' will propagate first, and this composite
crack become increasingly long, until a chain of breakage extends from one end
of the sample to another.

1. Elasticity - In rapid compression tests, coal shows a more or less
linear stress-strain relationship, with little hysteresis loss in a complete
cycle of straining.

Although the Anderton Shearer is a long wall machine, some of the factors
noted as influencing dust production can probably affect mining in general
and indicate factors that should be considered in bit testing and development
work.

maximum rate and avoiding floor or roof cutting, conditions are likely to be
most satisfactory. As a preliminary to effective operation, the choice of
the best size of drum, with the minimum number of picks to maintain optimum
performance, is important. Pick design and maintenance of pick sharpness is
also likely to affect dust production, both directly and by allowing the
greater depths of cut resulting from higher haulage rates.
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3. Tensile Strength - The implication of the work on compressive
strength, that tensile failure is an important factor in the breakage of
coal, led to an investigation of tensile strength in its own right.

In terms of actual magnitude, tensile strength varies from about 100
lb/in2 for friable coking; coals (Oakdale, Meadow Seam and Cwmtillery, Garw
Seam) to about 400 lb/in for a hard bituminous coal (Rossington, B3.rnsley
Hards). These values are in the region of 1/20 of the corresponding com­
pressive strengths. The low values of this ratio reinforces the view that
tensile strength is of paramount importance in breakage studies.

Both compressive strength and tensile strength exhibit a roughly U­
shaped relationship with rank expressed in terms of volatile content, with
coals of high and low rank tending to be stronger than those of intermediate
rank. However, the relationship is not sufficiently specific to be of much
practical importance.

4. Triaxial Compression - In the ground, in the undisturbed state, coal
is acted upon by a vertical pressure due to the weight of the overburden which
in round figures is 1 lb/irf per foot of depth. The lateral pressures are a
matter of conjecture. Remote from a working they may approximate to the
vertical pressure, but nearer a working they are clearly modified; at the coal
face for example, the pressure normal to the face itself is zero.

While it may not be possible accurately to simulate the stresses acting
during the processes of coal winning, a general impression of the effect of
lateral pressures on strength can be obtained by submitting a specimen to
triaxial compression, whereby the specimen is supported laterally by hydro­
static pressure while being compressed axially. Compressive strength in­
creases with lateral pressure.

It is possible, using various dodges, to submit specimens to tensile
tests while they are subject to lateral pressures. It is found that the
tensile strength may increase under this regime, but the large disparity
between compressive and tensile strengths that was noted in uniaxial tests
still remains.

As has been said, coal remote from the coal face is acted upon by approx­
imately hydrostatic pressure. As the coal face approaches, the lateral
pressures fall off, particularly the component perpendicular to the face,
while the vertical pressure is intensified by the necessity to support the
strata over the worked-out area. Under these circumstances, coal at the face
itself may become partially broken by strata stresses, a desirable occurrence,
as it leads to eas ier winning; and miners are familiar with the splitting and
rending noises that are emitted from a face that is actively 'working.' If
this redistribution of stresses is not or cannot be nicely contrived, as a
result of bad ground, or of poor organization of roof supports, the coal may
not be broken, and a hard or 'woody' state, implicit in triaxial stress con­
ditions, results. This is a situation equally recognized by miners.

The foregoing work on aspects of the strength of coal has been used in
investigations into the mode of action of picks and blades, used singly and
in concert. In order to facilitate further reference, certain characteristics
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of a pick are defined below. An idealized pick can be thought of as a wedge
mounted on a supporting shank.

Rake angle - The angle made by the front face of the pick with respect
to the normal to the direction of the cut.

Clearance angle - The angle made by the back face of the pick with
respect to the .direction of the cut.

Wedge angle - The complement of the sum of rake angle and clearance
angle.

Depth of cut - The distance between the tip of the pick and the unbroken
surface of the coal, normal to the direction of cut.

Cutting force - The force acting in the direction of cut.

Normal force - The force acting at right-angles ~o the direction of cut.

The investigations carried out at M.R.E. have been mainly laboratory
experiments in which the cutting and normal forces have been measured for
various types of pick as other parameters such as the following have been
varied:

Type of coal
Direction of weaknesses in coal
Speed of cutting
Depth of cut

The frontal aspect of the picks during these experiments has usually
been one of two kinds, either a standard 'duckbill' type, or a simple rec­
tangular shape. The results do not depend very much upon which is used.

The forces were measured by mounting the picks in dynamometer holders
equipped with resistance strain gages. A continuous record of forces ex­
perienced during the cut against distance cut is therefore obtained. The
record is irregular, but two parameters are extracted from it:

(1) The mean force.
(2) The 'mean peak force,' this being defined arbitrarily as the mean

of the ten highest peaks encountered during a cut.

All tools used in the initial experiments were sharp. The main con­
clusions of M.R.E. experimental work are:

1. Mode of breakage of coal - This was investigated by allowing a
wedge to cut immediately alongside a sheet of plate glass through which the
breakage process could be photographed by means of a high-speed camera.
Breakage appears to be initiated in the coal by cracks which start at the
cutting edge and propagate thence to the surface. On its way a crack may be
diverted from a simple path by means of the weaknesses in the coal such as
the cleats, so that the shape of the broken piece may be complex. In a
coal where the weaknesses are not pronounced the breakage path takes the form
of a simple curve extending from the edge to the surface.
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2. Cutting speed - In experiments covering a range of cutting speed of
up to 600 tt/min (3 m/s), changes in cutting speed bad no effect on the mean
cutting force.

The explanation of this important result may lie in the speed at which
tensile cracks propagate through the coal during the process of chip forma­
tion. It is estimated from the high-speed films already referred to that
the velocity of propagation of cracks in Barnsley Hards may be in excess of
500 m/s. The maximum pick speed used in these experiments is small in com­
parison. It seems probable that the breakage process will not be appreciably
modified over the range of pick speeds used in practice, and the mean cutting
force will be independent of speed.

3. Depth of cut - Mean force increases roughly in direct proportion to
depth of cut.

4. Cutting efficiency - Efficiency can be measured in terms of specific
energy, defined as the amount of energy required to break unit weight of coal.
It is found that this parameter decreases continuously as depth of cut in­
creases, although the rate of decrease gradually becomes less marked.

5. Coal type - .From experiments in which the mean peak cutting forces
were examined in relation to various aspects of coal strength, it was con­
cluded that the force is closely related to the tensile strength of the coal.

The ratio mean peak cutting force/mean cutting force has been found to
vary a little according to the coal and the attendent circumstances, but a
rough representative ratio is about 2'5:1.

6. Characteristic angles of picks - The effect on cutting of varying
the characteristic angles of a pick is of great importance in designing
effective picks.

For a clearance angle of zero or thereabouts, both mean cutting force
and mean normal force are unusually large, presumably due to frictional
rubbing between the coal and the back of the pick.

At a clearance angle of 5 degrees this effect disappears and the forces
for larger angles are virtUally independent of clearance angle.

The rake angle cannot be made too large in practice as the pick becomes
structurally weak. Moreover, by the time the rake angle has been increased
to 30 degrees most of the possible benefits in reduction of cutting force
have been attained. An angle of 30 degrees is therefore suggested as a
target for practical attainment, associated with a clearance angle of 5
degrees. For a sharp pick of this design the normal force would be effec­
tively zero.

7. Side play - A wedge breaks coal out sideways, as well as in the
direction of motion. This 'side splay' is important, as it enables an array
of isolated blades to take off a strip of coal, the breakage pattern extending
over the region between the blades. It has been found that for efficient
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~ - angle of friction between coal and steel.

The tensile theory of breakage has been employed to deduce other impor­
tant results in relation to ploughing.

312.100/00-138. Measurement of Cutting Tool Forces During Coal Winning

The detailed study of a type of coal-winning machine known as the rapid
plough culminated in the requirement for a research machine which was to be
essentially similar to a standard plough but which would incorporate such
features as variable blade disposition and measurement of three force com­
ponents on each blade.

d - depth of cut,

e - semi-angle of wedge (Figure lOa),

where: P - Peak cuttiDg force per unit width of wedge (i. e ., per unit
distance at right-angles to the diagram in Figure lOa),

P = 2td sin (9 + ~)
1--sin (e + is)

(a) An estimate has been made of the energy required to break coal by
an impulsive blow. For hard British coals this has turned out to be of the
order of 10,000 ft 1b -- much higher than had ever previously been comtem­
plated for this purpose and virtUally prohibitively difficult to attain in
practice. A small blow is likely to be ineffective by pulverizing the coal
instead of breaking it by wedge action.

(b) It has been deduced that a simple wedge is probably at least as
effective in breaking coal as blades of more complicated. shape. This finding
has been confirmed in laboratory and underground experiments. As a conse­
quence, in recent years cutting picks and plough blades have undergone a
radical simplification in design, and a considerable measure of standardiza­
tion has been achieved.

8. Theory of cutting and ploughing action - A theory has been sug­
gested for the action of cutting or ploughing in terms of the concept of
tensile breakage in the coal. The expression for cutting force for a sharp
wedge is:

breakage the depth of cut should be about equal to theW1'dth of the wedge,
and the distance between consecutive blades should be about twice the depth
of cut (Figure 15).
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Special blade holders have been designed which incorporate tri-axial
strain-gage force transducers. The calibration of these transducers and the
compensation of interactions between force components are described. These
blade holders are attached to the plough head which may carry from eight to
fourteen transducers. In addition, the lid of the plough head, which is a
hollow fabrication, forms a suspended-plate transducer for the measurement of
forces on an individual blade used to bring down top coal, and two uni-axial
transducers, incorporating semi-conductor strain gages, measure the forces in
the chains hauling the plough along the coalface.

The electrical equipment associated with the strain-gage transducers is
intrinsically safe, so that it presents no hazard where methane is present,
and operates from four dry batteries. Much of the electronics is housed in
the plough head and had to be designed to tolerate a severe environment.
Normally, twenty-one forces are measured on this plough but only nine can be
recorded and selection of these is made at the plough head. The difficulties
of transmitting these signals from a plough moving at some 60 rt/min along a
coalface 200 yards long are discussed.

This machine has been used in two full-scale production trials totaling
more than six months of underground work. The trials have shown that blade
shape and blade disposition can have important effects on both the cutting
efficiency and the steering of coal ploughs. Some of the results are pre­
sented in detail.

Although this article does not discuss bit design, some of the instru­
mentation techniques may be of interest in other test programs.

39. Coal Breakage: The Size Distribution of the Dust 314.000/52-1

This report describes a study of the size distribution of the fine (sub­
sieve) dust formed in breaking coal. A study of the size distribution of the
larger products of breakage in the sieve range is described in an earlier
report from this laboratory (1). The object of the present work was to
determine whether the formation of fine dust appears as an extension of the
breakage patterns found with the larger sizes or if it appears to be an in­
dependent process. A further part of the work was to compare the size
distributions obtained in the laboratory with those known to exist in air­
borne dust clouds in coal mines.

From the work described, there seems to be no doubt that the fine dust
is an integral part of the normal 'breakage pattern,' and there is no evi­
dence that any independent process of 'dust formation' is involved. This
conclusion is supported by the fact that the size distribution of breakage
products continues down as a 'smooth spectrum' to 1 micron, and also by study
of the results of the investigation of particle shape. This remains almost
constant throughout the range examined; in addition, particles smaller than
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this range (3000 - 6.6 microns) look the same down to sizes smaller than 1
micron where the effect of resolution limit makes accurate observation of
shape impossible.

The constancy of size distribution of the breakage products has been
demonstrated, and appears to be independent of breakage method, and tYJ?e of
coal and 'direction of breakage.' This size distribution conforms to the form

~FN = a • If the removal of larger particles by settlement is taken into
ffcounir,·~~e distribution agrees extremely well with that observed by other
workers in underground airborne coal dust clouds. Extrapolation of the size
distribution curve to very small particle sizes indicates that the component
of very small particles in some underground dust clouds, noted by Wynn and
Dawes, is, in fact, part of the normal distribution.

I 42. Mechanical Properties of Non-Metallic Brittle Materials 314.000/58-4
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Studies have been made of the mechanics of dust formation and of the size
distributions of the fine dust particles arising from the breakage of coals
and various coal-measure rocks. The objects of these experiments have been
to find out more of the origin of dust,. in particular the potentially airborne
particles in the respirable size range, and to provide basic information as to
the production of dust in various mining processes and the effect of changes
in their operating conditions on dust fo:nnation. This paper gives an outline
of the results of these laboratory experiments and indicates their correlation
with theory and with observed dust conditions in coal mines.

The size distribution of the finer products of breakage is a fUnction of
the material but is largely independent of the method of breakage, being in
fact part of a 'natural' distribution whose upper size limit is set by the
experimental conditions. There is no evidence that the micron-sized dust is
produced by any process which can be controlled independently from that giving
rise to the coarser sizes.

It has been found that for particle sizes below about 76 microns (200
mesh B.S.), irrespective of breakage process, the breakage products from
several coals and coal-measure rocks conform to a power law frequency dis­
tribution of form given by the expression

dFN ::: Ci

dD jj3'"

For coal the value of 8 appears to be approximately equal to 2'25. For
the three coal-measure rocks examined e has greater values, in the range
2· 7 - 3·1. These experimental results are in good agreement with frequency
distributions deduced from the 'weakest-link' theory of breakage. Observa­
tions of the frequency distributions of airborne dust clouds in coal mines are
also compatible with the laboratory results.
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The amount of fine debris produced in a given breakage process, such as
rotary drilling or coal cutting, although of a constant size distribution
pattern, can be altered between wide limits by modifying the operating con­
ditions, such as penetration per revolution in drilling, and haulage speed
in coal cutting.

The amount of fine dust produced when a given amount of work is carI"ied
out on coal, for example in a shatter test apparatus, is inversely propor­
tional to coal strength. The amount of airborne dust dispersed during a·
breakage process, under conditions where there is little external air move­
ment, varies only slightly between coals of different strengths, because,
although weaker coals produce more dust, stronger coals break more violently,
causing a greater proportion of the fines formed to be dispersed than with
the weaker coals.

44. eriments in Dust Control with the !11k. II
Jo -Sullivan Ri i Machine 314.000/65-7

This report describes experimental work on dust control with the Mk.I
(prototype and Mk.II (Joy-Sullivan) ripping machines in their development
phases and with the latter machine in routine use in various collieries.
Experiments are still in progress, both with this and with other ripping
machines, so that this is really an interim report; it is of particular inter­
est, however, in that it describes work with one of the few commercial mining
machines in which the control of dust has been considered during the machine
design stage.

It is disappointing not to be able to record a story of complete suqcess
in dealing with the dust problem of the Mk.II (Joy-Sullivan) Ripping Machine
but work in this field is continuing at the Mining Research Establishment.

Conclusions which can be draWn from the work described in this report
are as follows:

(a) To minimize the production of fine dust, the depth of cut by each
pick must be as great as possible, achieved by sumping-in and cutting-over
in the least possible time.

(b) The use of lower pick speeds is of considerable advantage because
it gives less dispersion of the fine dust produced and because a larger pick
penetration can be obtained without the excessive rate of make of debris
associated with a very short cutting-over time. A reduction of pick speed
from 280 ft/min to 180 ft/min probably gives in practice a 50 percent re- .
duction in respirable dust dispersion.

(c) The reduction in dispersion of respirable dust provided by pick-face
flushing is about 65 percent compared with dry cutting if the water fittings
are in good condition.



101.

This article gives a brief description of a new hollow pick with the fol­
lowing technical features:

(e) The dispersion of dust from the sumping-in operation is not re­
duced either by the use of pick-face flushing jets directed on to the peri­
pheral picks only or by the use of external water sprays.

(d) External sprays fitted to the radial arm (as designed by Central
Engineering Establishment) sU1'1'ress about 40 percent .of the respirable
dust. Although this is a lower efficiency than that obtainable from pick
face flushing when working properly, it is possibly better than that given
by the latter system in poor condition and

314.000/67-347. The Hoy Hollow Pick

The dust concentration downwind of a ri1'1'ing machine is always high but
since the machine is normally operated for only a fraction of the working
shift the effect on shift mean concentration need not necessarily be excessive.
As will have been apparent in the results given in this report, however, when
long cutting-over times are unavoidable, possibly because of very hard rock
or where water cannot be used for dust suppression purposes, other techniques
of dust control must be employed. The Mining Research Establishment is
carrying out both laboratory and field experiments into the use of extraction
ventilation with dust removal by filtration for this purpose.

In two ways at least the Mk.II (Joy-Sullivan) Ripping Machine cannot be
said to be entirely pitworthy. The use of a large number of small picks does
not encourage frequent inspection and replacement; fewer larger picks would
not suffer from this defect and would probably last longer and give rise to
less dust. In addition, the water fittings on the drums, which have to be
fairly complicated because of the large number of picks, are not sufficiently
robust and are placed in vulnerable positions. Clearly it would be advan­
tageous for changes to be made in these features of the machine. At the same
time water should be fed to the faces of the picks on the drum faces also in
order to provide effective dust suppression during sumping-in. The use of an
even slower pick speed than 180 ft/min could well give further reductions in
dust dispersion.

The existence of machines in unsatisfactory condition after a relatively
short time-of use is disturbing. Rapid sumping-in and cutting over, needed
to keep dust levels within reasonable limits, can obviously not be achieved
when a large proportion of the picks are damaged or missing. The high dust
make by the machine, even operating under favorable conditions, necessitates
the use of a high efficiency suppression system and this cannot be obtained
when there is poor maintenance leading to operation with picks missing and
to consequential damage to water manifolds and other fittings.
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1. A quick-release "large pick, It simple in construction, low cost and
easy to handle underground.

-
2. Provision of water at the pick-point at any desired angle.

3. Complete rigidity of pick and pickholder.

4. Morse taper for positive lock and massive strength.

5. Pick protects toolholder for maximum toolholder life.

6. Positive positioning of pick.

7. Location-pin eliminates accidental pick losses.

8. Water reservoir in pick.

9. Simplicity and lightness (12 oz).

Based on field trials, the bits have proved to be mechanically sound, have
indicated a marked improvement in dust suppression, and substantial savings
in pick cost/ton.

,

50. An Attempt to Devise New Cutter Pick Designs and
Lacing Board Patterns 314.000/65-5

The cutting tools produced by Polish manufacturers for use in coal­
getting machines are used for extracting coal of varying physical-mechanical
and mining properties.

When used under good strata conditions for coals without hard mineral
inclusions the cutter picks as at present produced are perfectly adequate for
their work. However, concretions of pyrites or sphero-siderites are
repeatedly found in the coal seams and on meeting these hard minerals the
picks will usually suffer damage to the carbide tip or fracture of the shank.
The reason for this kind of damage is the incidence of heavy dynamic loads
on the blade at the moment of its contact with these hard minerals.

After haVing carefully studied the work of picks reinforced with sintered
carbide tips of rounded and flat shape, and having then conducted extensive
laboratory experimentation, we undertook the task of devising cutting tools
that would be more robust in action against hard rocks.

I
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c. The width of the wear flat is a function of the distance cut
and not of tool width.

The following conclusions can be drawn from the test program hereinover
described:

2. The pick lacings examined had no noticeable effect on the haulage
force in the lines.

314.000/70-5

This issue contains two articles pertaining to bits.

53. Large-pick Drum

2. Large~pick drum - discusses the experience of mining companies using
the new large-piCk drum. It has generally been successful, giving less dust
and equal or lower bit cost.

a. On simple wedge shape tools a fiat surface develops parallel
to cutting direction which increases cutting forces.

b. Design features to give efficient cutting when sharp do not
necessarily give best performance when worn.

5. The present series of tests do not permit any conclusions to be
drawn regarding the effect on tool life of conferring extra flexibility on
the pick-points; this aspect will need to be further investigated.

1. Tool Wear and Performance - discusses but does not give details on
research being done on tool wear by MRDE. It briefly indicates the following
results.

3. Use of a reduced pattern lowers the mean load on the motor.

4. For working inhomogeneous rocks, the best design from the stand­
point of wear is offered by rounded-tipped picks; flat-tipped picks should
however be used for more homogeneous rocks since they generate a lesser
cutting resistance than do round tips.

1. Variation of rake angle within limits of ~ 5 degrees has no
appreciable effect on the magnitude of the force on the lines nor on the
power consUIll]?tion. Therefore, from the standpoint of blade strength it would
be best to select a pick with a negative rake angle.
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54. New Bit Designs Contribute to Lower-Cost Coal Cutting 314.000/58-2

This article summarizes the results of tests on
cutter bits to determine the best tip configuration.
the best configuration was a negative 10 degree rake
relief angle with benefits as follows:

rectangular shank, flat
Results indicated that

angle and a 10 degree

1. Lower overall cutting cost.
2. Greatly reduce tool breakage.
3. Not require more electrical energy per ton.
4. Not increase the amount of fine coal.
5. Keep tools sharp longer.
6. Decrease cutting time.
7. Reduce downtime through fewer tool changes.
8. Permit use of harder grades of carbide.

56. Development of Impact Ripping 314.000/72-1

This article describes the development and testing of a mining machine
using a single pick on an impact tool for use in areas not suitable for rotat­
ing head miners. Although not specifically concerned with bits, the basic
concept may provide the basis for future developments. The conclusions from
these tests are as follows:

1. Equipment is now available for ripping medium-hard rock, i.e., rock
that can be cut by picked machines, even when it contains ironstone bands or
nodules which would normally prevent the use of picks. This equipment could
also be used for ripping well laminated and cleated hard rock. In such
conditions the ripping could be advanced at rates sufficient for the majority
of advancing longwall faces over the next five years.

2. For truly hard rock rips the indications are that eventually it will
be possible to advance these at a suitable rate provided that a sufficiently
high-energy impact unit is utilized with a heavy-duty boom and stable chassis.

3. Provided the impact units are mounted on equipment which allows the
tools to be presented to the rock at various angles of attack, the roadway
can be profiled with reasonable accuracy.

4. The mounting of the impact units on to machines by means of booms
or arms maintains the best possible face access and is suitable for use with
all known dirt disposal systems, provided the debris sizing is suitably con­
trolled.

5. It appears likely, although this has not yet been proved, that with
further development of tool shapes it will be possible to control debris
sizing for all dirt disposal devices.
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6. With the further development of tool shapes to improve the
efficiency of the rock breakage operation the dust make from impact rippers
can be restricted to a level significantly below that currently produced by
pick-type machines. Dust can be further controlled by the application of
water sprays around the impact tool.

7. The impact breakage of rock is most unlikely to cause incentive
sparking when working in abrasive rock conditions.

8. The ability of an impact unit to work in situations similar to the
half-gate ripping system, where rock or coal has to be removed from the
floor, has not yet been proved. However, the advantages to be gained are
such that considerable efforts will be made to ensure success.

9. The trend towards smaller and less costly ripping machines will
continue.

10. The coal industry must benefit from the' tremendous amount of tech­
nical and commercial activity which is now taking place on impact ripping
and from which we are now confident will emerge several long-term products
to provide safe and economic operations at the face-ends.

The apparatus used is shown in Figure 1, consisted essentially of a
hydraulically-operated ram, which carries a cross-head mOVing between two

The work described here was carried out to determine whether an increase
in pick speed was itself likely to have an important effect on pick performance,
using a range of speeds and depths of cut normally attained in practice.

In recent years there has been a general tendency in longwall working
to increase the speed at which machines progress along the coal face, with
a consequent increase in the power demands. For machines which utilize
coal cutter picks mounted in chains, on revolving drums, or on cutting heads
of various designs, an increase in machine speed results in an increase in
depth of penetration of individual picks into the coal. This in turn re­
sults in an increase in the force acting on an individual pick, approximately
proportional to the increased depth of penetration, with a consequent greater
risk of damage or breakage. In addition, there is the danger that if the
depth of penetration becomes too great there will be inefficient clearance
of the gumrnings, leading to a very rapid rise in power consumption. A
simple means of overcoming these problems which is often adopted is to in­
crease the pick speed, which has the effect of reducing the depth of cut.
In this sense pick speed has a profound effect on the operation of a cut­
ting machine, but it is not known whether the action of an individual pick
in grooving coal is affected by its speed.
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61. A Laboratory Study of the Effect of Cutting Speed
on the Performance of Two Coal Cutter Picks

Part I 314.000/63-3
Part II 314.000/63-2
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slide bars. The ram has a stroke of 5 ft, and during operation it accel­
erates to a selected speed over the first foot,-maintains a constant speed
over the next two feet, and decelerates to rest over the remaining distance.
The speed attained during the constant speed portion of the cycle can be
varied between limits of 40-600 ft/min. The picks were mounted in a tool
holder which was bolted to the cross-head of the ram. The coal specimen was
mounted in a framework, positioned so that the pick would cut a groove of
the required depth, and held in place by a hydraulic jack.

The duckbill pick, produced by machining, had a tip of similar design
to that of a typical forged pick, with a rake angle of 27 degrees, and a back
clearance angle of 30 degrees, but its tip was arranged to lie on the longi­
tudinal axis of the shank to facilitate the cutting force measurement. The
cutting edge was rounded to remove the very sharp edge produced by the
machining processes, so as to simulate a forged pick, the cutting edge of
which is severely blunted by the removal of the "flash" produced during
forging. A subsidiary programme of cuts established that the experimental
pick required a cutting force not significantly different from that required
for a proprietary forged pick. The straight bar pick was a proprietary pick
with a sintered tungsten carbide tip, having a rake angle of 8 degrees, and
a back clearance angle of 9 degrees. In its manufactured condition the pick
had a tongue of metal in front of the carbide tip which was partially filed
away exposing the carbide to a distance of about 1/4 in. Additionally, part
of the pick shank was removed, to enable the tip to lie on the longitudinal
axis of the tool holder.

The important c0nclusion was that variations in the cutting speed, over
the range 200-600 ft/min did not affect the mean cutting force, specific
work, or percentage fines. It is considered probable that for the range of
speeds envisaged for cutter chains, changes in speed alone are unlikely to
modify the breakage process sufficiently to affect the quantities measured.

The mean cutting force was practically proportional to the depth of cut.
The intrusion of the tongue of' metal, covering the tungsten carbide tip of
the straight bar pick, resulted in the cutting force being approximately
doubled at a given depth. The duckbill pick was equally effective in both
coals, in that it required approximately the same force, because its good
wedging action was able to exploit the well developed cleating. The straight
bar pick was at a disadvantage in Dunsil with larger forces than in Garw,
because its crushing action resulted in a difference in force which was a
reflection of the difference in crushing strength of the coals.

Generally speaking there was an increase in cutting efficiency as the
depth of cut became greater, which is reflected in a decrease in both
specific work and in the percentage fines. The intervention of the tongue
of metal of the straight bar pick, however, resulted in a reduction of effi­
ciency at deeper cuts opposing the usual improvement, with the result that
in Garw there was no increase in efficiency with increasing depth, and there
was even a reduction at greater depths in Dunsil. The percentage fines for
the straight bar pick, however, still showed a fall with increasing depth,
and this may be because much of the extra energy is utilized in crushing
still finer coal which was already less than 1/16 in.
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L The primary objective of the work was to examine the effect of cut­
ting speed, and the results showed clearly that, over the . range 200-600 ft/min,

Comparison with the earlier work on Garw coal showed that the better
wedging action of the standard pick was an advantage in the compact, though
cleated, Dunsil'coal, whereas the more pronounced crushing action of the
straight-bar pick was not detrimental in the friable Garw coaL

314.000/62-1062. A study of the Forces Acting on a Single Coal Cutter Pick

As with Garw coal the mean cutting force was found to increase in ap­
proximately direct proportion to the depth of cut, and again it was observed
that with the .. straight-bar pick the rate of this linear increase was approx­
imately doubled when the depth of cut increased beyond the point at which
the tongue of metal in front of the tungsten carbide tip became engaged in
the cut. The effect of this tongue in impairing cutting efficiency was shown
in the increase in specific energy with depth of cut observed with the
straight-bar pick, in place of the more usual decrease that was obtained with
the standard pick.

The work described in the report concerns laboratory investigations in
which a groove was cut in specimens of Teversal Dunsil coal using a standard
forged pick and a straight-bar pick with a tungsten carbide insert. The object
of the work was to examine the effects of variations in cutting speed and
depth of cut on pick performance. Measurements were made of the cutting force
required, and the coal produced from the cut was weighed and sized.

In general, the results showed no evidence of any difference between the
two cleat directions used in Dunsil coal (0 degrees and 90 degrees). The only
exception was for mean cutting force, which was higher for the 90-degree
direction than for theO-degree direction for the straight bar pick only.

The straight bar pick showed to advantage in the friable Garw with
greater cutting efficiency (lower specific work), because of its greater
bursting action; in the more compact Dunsil coal, however, the duckbill pick
was more efficient, because of its better wedging action. From the point
of view of percentage fines there was little difference between the picks in
the friable Garw, but the duckbill pick had t~e merit of producing a lower
percentage in Dupsil.

In agreement with the earlier work with Garwcoal it was found that, over
. the range of speeds examined (200 to 600 rt/min), the cutting speed had no
significant effect on either the basic measurements of mean cutting force,
total weight of coal and weight of fines or on the quantities derived from
them, viz. specific energy consumption, percentage fines, and the degree of
breakout from the geometric cut.
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speed had no significant effect on the mean cutting force, the weight and
sizing of the coal cut, nor on any of the quantities derived from these
basic measurements.

2. Apart from a marginally significant increase in cutting force when
the straight-bar pick was cutting at right angles to the main cleat over that
when cutting parallel to the cleat, the cleat direction had no effect on any
of the measured quantities (cutting force, weight of product and weight of
fines) nor on the derived quantities, breakout factor, percentage fines and
specific energy.

3. Increasing the depth of the cut taken by the pick had the following
effects:

a. The mean cutting force increased.

b. The total weight of coal cut increased at an increasing rate.

c. The weight of fines « 1/16 in.) increased linearly for the
straight-bar pick but at an increasing rate (although less rapidly than the
total weight of coal) for the standard pick.

d. The specific energy showed a decrease for the standard pick,
but an increase for the straight-bar pick.

e. The percentage fines « 1/16 in.) decreased.

4. Breaking out of the coal beyond the volume swept by the tip of the
pick was largely independent of depth, and was of equal extent for both picks.

5. The variation of mean cutting force with depth of cut was approxi­
mately linear and proportional to depth, except where pick configuration
showed a marked change with depth as for the straight-bar pick on which the
tungsten carbide tip was covered by a tongue of shank. metal from 0·28 in. from
the end. Even in the latter case a satisfactory representation of the re­
sults was given by a combination of two straight lines, one of low slope for
the shallow cuts, and one of much greater slope for the deeper cuts in which
the tongue played a harmful part.

6. Comparison of the specific energies for the two picks sho~ that
the values are comparable at the shallower cuts, but that the straight-bar
pick requires a much greater energy at the deeper cuts, where the intrusion
of the shank metal mars the efficient cutting of the tip.

7. The results for both picks show a good correlation between the
energy required in cutting and the weight of fine coal produced, except for
the deeper cuts with the straight-bar pick when the intrusion of the tongue
of shank metal uses energy in secondary crushing.

8. In general the findings of the present investigation using Dunsil
coal confirmed those obtained in the earlier work using Garw coal. A point
of contrast, however, was that the standard pick, with its better wedging
action showed to advantage in the compact, though cleated, Dunsil coal,



109.

Part I - Factors Influencing Breakage by any given Shape of Tool

whereas the greater crushing action of the straight-bar pick was not
detrimental in the friable Garw coal.

The factors that affect wedge breakage fall roughly into two categories.
There are those that affect breakage by any' given shape or type of blade,
and there are those that affect tool design. The first part of this paper
is concerned with those factors that are not primarily concerned with tool
shape. These include:

230.000/63-165. Breakage of Coal by Wedge Action

The basic experimental. arrangement consisted of a rectangular block of
coal, which has been machined from a larger parent lump of run of mine coal
clamped on to a heavy steel table that can be dxiven horizontally by an
electric motor. The steel table passes under a gantry which supports a
cutting tool. A groove can be cut in the top surface 'of the coal by suitably
adjusting the height of the upper coal. surface relative to the tool edge.

These factors have been studied in laboratory experiments in which cuts
have been made in rectangular blocks of coal of various types. The same
basic technique has been used throughout, although a number of slightly dif­
ferent test rigs have been used. Moreover, as the paper is based on many
different experiments, definition of large and small coal is not consistent
throughout, but the conclusions are not affected in any way.

1. The mechanical properties of the coal.
2. The cleat orientation.
3. The depth of cut.
4. The speed of cut.
5. The size of tool.
6. The width of cut.
7. The pressure from the overbearing strata acting on the coal.
8. The effect of relief from other picks cutting in an array.
9. Breakage by impact.

Most coal is broken from the seam by some form of wedge action. This is
equally true of breakage by coal ploughs, by pick machines such as shearers
or trepanners or by impact from a hand-held jigger pick. It follows that a
knowledge of the mechanics of breakage of coal by wedge action should result
in a greater mining efficiency. Such a knowledge can be obtained from "under­
ground experience" which takes years to acquire, or from a combination of
laboratory tests coupled with properly instrumented underground studies of
coal winning machines. The latter is the better way to obtain this informa­
tion, the many different aspects of wedge breakage being studied systemat­
ically.
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A dynamometer, fitted with electrical resistance strain gages, is used
to record the forces acting continuously on the cutting tool. In many of
the experiments three orthogonal components of the grooving force were
measured, in the cutting direction, normal to the surface of the coal and
sideways on the pick. This was not always true, and in some of the tests
only the first or the first two components were measured.

The rectangular coal blocks were always machined and mounted on the
tables so that cuts were made in predetermined directions relative to the
bedding and cleat planes. The majority of the cuts were made parallel to
the bedding planes and perpendicular to or parallel to the main cleat. The
pressure between the steel plates used to hold the specimens on the table
was of the order of 50 psi unless it is otherwise stated.

The results given and discussed in this paper were obtained from a large
number of individual experiments, and for convenience the factors are being
considered in the following sequence.

1. Depth of cut.
2. Coal properties.
3. Tool size.
4. other factors.
5. Impact breakage.

This paper has outlined some of the principal factors that affect break­
age of coal by pick action. The second part will deal with other factors
that affect tool design. These factors include the basic shape of the tools
and the effects of wear on tool performance. However, before considering
tool design it is worthwhile considering the implications of the findings
reported so far. These may be summarized as follows:

1. Shallow cuts (low pick penetrations) are highly inefficient and
produce small coal and hence an abundance of dust.

2. Cutting efficiency (reciprocal of work done per unit coal yield)
increases with increase in depth of cut.

3. The most efficient orientation of the cleats during cutting is
45 degrees to the line of attack, mean cutting forces being low and coal
yield high. Cleat orientation has little bearing on trepanners and shearers
where much of the cutting is done perpendicular to the bedding planes.

4. Provided the size and shape of the cutting tool are such that the
channel of coal actually extracted is greater than and independent of the
area swept by the tool, tool size does not affect the forces needed to groove
a strong coal significantly, while it has a large effect on cutting friable
coals. In terms of cutting efficiency, however, the size of tool used in the
friable coal is not important, while large tools and deep cuts lead to im­
proved efficiency in cutting strong coals.

5. Pick speed does not affect cutting forces or coal yield signifi­
cantly, although high pick speeds can throw additional dust into the air­
stream.
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10. Impacts of the order of 3,000 ft-lb are needed to ensure the
breakage of a 6 in. by 6 in. section from a strong coal, such as Barnsley.
Hards.

8. Deepening an existing groove is highly inefficient, requires much
higher forces than cutting the same depth of cut in a plane surface, and
results in severe coring or ridging of the coal.

6. Pressure from the overbearing strata can either weaken or
strengthen coal at the face, so that throwing extra weight on the face will
in some cases ease coal winning while in others it will make it more dif­
ficult.

314.000/64-3Part II - Factors Affecting Tool Design

It was shown in the first part of this paper that for efficient coal
cutting, machines should be designed with widely spaced picks which bite
deeply into the coal. In this way the size of the product is larger and the
formation of fines is smaller than from a machine that contains a greater
density of picks, and the cutting efficiency is high. No consideration was
given to tool design, however, and the present paper describes work that has
been undertaken at the Mining Research Establishment to find the most

The combination of a deep cut and a wide line spacing is ideal for the
production of large sizes of coal and small quantities of dust. Many of the
existing machines are unsuitable for use with large picks, since machine
vibration or the high pick forces cannot be tolerated. There is, however, an
optimum arrangement of picks on these machines, and the minimum number of
picks should be used. An over picked machine could even have greater loads
on each pick, in view of the coring that takes place, than would be observed
if some of the picks were removed.

The general conclusion from these experiments, therefore, is that mining
machines should be designed to take as deep a cut with each pick as is com­
patible with the strength of the picks and the strength and stability of the
machine. The depth of cut taken by the picks defines the optimum spacing
between adjacent lines of picks, which is two to three times the depth of
cut.

11. The strength characteristic that appears to control the breakage
forces closely is tensile strength, but as cleat orientation and over­
burden pressure affect breakage forces, care must be taken in predicting
breakage forces from laboratory strength measurements.

9. Breakage by impact can be as efficient as continuous cutting but
if the blows are either too light or too heavy efficiency suffers. If the
blows are too light, repeated impacts will not cause breakage, no matter
how many blows are applied.

7. Picks cutting in an array help one another, prOVided the pene­
tration by individual picks is 1/3 - 1/2 the line spacing. Moreover wide
line spacings, and therefore deep cuts, are more efficient than the con­
verse of shallow cuts from closely spaced picks.
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efficient designs of cutting tool. Cutting efficiency cannot be separated
from the effects of tool wear and some aspects of wear are also considered.

The same basic types of experiment were undertaken as those described
in the first part of the paper. Single grooves were cut into a plane
surface of a rectangular block of coal by wedges and cutting tools of dif­
ferent design. The forces acting on the tools were measured and related to
the quantity and sizes of coal extracted. In all of the experiments, cuts
were made in specified directions relative to the bedding and cleat planes.
Most of the cuts were made parallel to the bedding planes and perpendicular
to the main cleat.

At this point it is worth summarizing the findings from the laboratory
experiments on pick design.

1. The back clearance angle should be not less than 6 degrees, but
neither should it be much greater than this to avoid weakening the tip
needlessly. There should also be side clearance of at least 3 degrees.

2. The front rake angle should be as large as possible commensurate
with a tolerable amount of pick wear.

3. Broad picks are better than pointed ones, but if for some reason
pointed picks are used a radius of at least 1/16 in. should be ground on
the tip.

4. A ridge on the front face of a pick brings no advantage and for
strong coals (such as Barnsley Hards) can have a deleterious effect on cut­
ting efficiency. This is equally true for chisel edged and for pointed tools.

5. A pencil point pick is a highly inefficient cutting tool, particu­
larly if there is a negative clearance angle between the tip point and the
back of the pick.

Were it not for considerations of tool wear it would now be possible to
design an "ideal pick ll based on the recommendations listed above. However,
in practice same of the most highly efficient picks have a very weak tip,
wear rapidly and quickly lose their superiority over other pick shapes. Some
studies of the influence of pick wear on cutting performance have recently·
been made, but the experiments are not sufficiently advanced to enable gen­
erally applicable conclusions to be reported. The experiments completed so
far are:

1. A study of the forces needed to initiate cracks in coal wi.th
symmetrical wedges, blunted by grinding known radii on the tips.

2. A study of the cutting forces on picks blunted by grinding known
lengths of flat parallel to the tool path and perpendicular to the rake face.

The second series of experiments showed that blunting perpendicular to
the rake face has a much larger effect on both the cutting and the nonnal
forces than does blunting parallel to the tool path.
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On the other hand, consideration of the conclusion from this work should
enable existing machines to be operated with greater efficiency.

The two papers on the breakage of coal .by wedge action have summarized
some of the basic experiments that have been undertaken to find the best
designs of picks and the best ways to use them.

The experiments were extended to study the effect of variation in the
widths of the wear lands either perpendicular to the rake face or parallel
to the direction of cutting. Variation in the length parallel to the
direction of cutting did not produce any consistent effect.

314.000/58-167. Mechanical Properties of Non-Met'allic Brittle Materials

Coal in the seam is subjected to compressive stresses caused by the over­
bearing strata and the magnitude of these stresses likely to affect the
forces needed to extract the coal from the seam. Unfortunately these stresses
vaxy from one place to another in a single seam and even along a single face
it is difficult if not impossible to undertake experiments underground in
which the stresses on the coal are accurately known. Laboratory experiments
are described in this report in which. grooves have been channelled into blocks
of coal SUbjected to uniaxial compressive loads, applied normally to the bed­
ding planes, in an attempt to understand possible effects that might occur
for different conditions of coal stressing by the overburden. Since the effect

A logical development from the quasi-static wedge penetration experi­
ments, in which a two-dimensional study was made of the relationships between
load and depth of penetration of simple wedges into coal, is to consider the
forces and energies needed to cut grooves into a plane surface of prepared
rectangular blocks of coal by the action of slow-moving wedges. This may be
considered as an idealized investigation of coal ploughing provided the bed­
ding planes and cleats are suitably orientated in the laboratory experiments.

It is worth remembering that, in general, efficient cutting implies not
only the utilization of the minimum amount of energy, but also the formation
of the minimum amount of fine coal for the particular pattern of picks and
depths of cut that are being employed. It follows that good tool design
should be married to the good design of the "cutting heads" on mining
machines. Data are now available, both experimentally and theoretically,
which permit the calculation to be made of the forces that are likely to be
encountered by the cutting head. The first stage in the design of a new
machine should therefore be the consideration of the cutting elements on the
machine. Only when a satisfactory pattern has been evolved should the pro­
vision of power and the design of the machine structure be considered in
detail. All too often the reverse procedure is adopted and the cutting
elements are attached to a motor assembly and power is either wasted and the
coal is needJ.essly degraded or the machine is under-powered and so is useless.
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of a uniaxial compressive load is likely to vary with distance from the free
surfaces of a rectangular block grooves of various depth have been con­
sidered.

The tools used in these experiments were all steel wedge type with a
rake angle of 55 degrees, a wedge angle of 30 degrees, and a clearance angle
of 5 degrees.

Three coals with distinctive mechanical properties were used as follows:

Rossington, Barnsley Hards, a strong, dull and relatively cleat-free
bituminous coal.

Oakdale, Meadow Seam, an extremely friable metallurgical coking coal.

Deep Duffryn, Five Feet Seam, a friable dry stearn coal.

The mean peak loads necessary to cut grooves in rectangular blocks of
Barnsley Hards increase with lateral pressure over the range studied. For
the two friable South Wales coals the mean peak loads decrease markecUy from
maxima as the lateral stresses approach the compressive strength of the coals.
The maximum peak forces which occur at about 500 Ib/in.2 for Oakdale coal and
750 Ib/in.2 for Deep Duffryn coal are between 50 and 100 percent higher than
those at zero lateral pressure. It is suggested that this may afford an
explanation of why some coals are alleged to work more easily if the over­
burden stresses in the coal are increased, whereas the converse is true for
other coals.

For all coals studied an initial decrease in the amount of energy needed
to cut a specified quantity of coal with increasing depth of cut is followed
by a subsequent increase in energy consumption. This is accompanied by an
initial decrease and subsequent increase in the production of fine coal.
This is attributed to a change in the mode of breakage from one in which
cracks run freely to the surface for the most efficient cuts to one where the
propagation of the cracks is inhibited and localized crushing occurs in the
vicinity of the wedge. This increases the percentage fines and reduces the
cutting efficiency.

68. Laboratory Investigations of Cutting Processes
Applied to Coal-Winning Machines 314.000/68-1

The excavation of naturally occurring minerals has been mechanized almost
completely, both at surface level (during open-cast working) and underground,
and the fracture processes have been studied in experiments designed to pro­
vide basic design data for the rock- or coal-winning machines. The ultimate
objective of the investigation is the design of cutting tools and cutting­
tool patterns for efficient breakage of rock or coal. This will include not
only tool-shape studies, but knowledge of size effects as well.
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The problem was tackled from a fundamental standpoint and the original
questions posed were concerned with scaling effects that might influence the
application of measurements made on models to full-scale working. As the
work was directed primarily towards improving the efficient extraction of
coal from the seam the basic raw material was coal or, to be more precise,
types of coal selected to be representative of the principal sources of coal
in the United Kingdom.

These coals were broken by simple stress systems (uniaxial compression
or tension) and the effect of specimen size on the strength was measured (I).

The main conclusions to be drawn from the single-pick experiments are
that cutting efficiency generally benefits from the use of large tools to
take a deep bite into the solid. These tools should approximate to simple
chisel with as large a front rake angle as practicable and with a back
clearance angle of a little more than 5 degrees. The included angle of the
tip will dominate the tip strength, so that there are limits to the magnitude
of the rake angle that can be used.

other facets of tool geometry have been studied, but the results have
in no way conflicted with these broad principles of efficient cutting.

Before extending the work to practical breakage problems, it is worth­
while restating the main conclusions from the laboratory studies.

Tool Shape - Ideally, cutting tools should be Chisel-shaped with a
large front rake angle and a back clearance of 5-10 degrees.

Tool Size - The specific energy required to break a strong coal is lower
with a large tool making a proportionately deep cut, while in a weaker coal
tool scale has less effect. The use of a large tool favorably affects the
product size and the formation of dust for both strong and weak coals.

Depth of Cut - Deep cuts are more efficient than shallow ones with the
same size of tool.

Tool Spacing - When tools cut in an array the minimum energy required to
cut a given volume of coal, for a given depth of cut, occurs when the depth
of cut is equal to one-third to one-half of the space between adjacent picks
in the pattern, a few deep cuts widely spaced being superior to a larger
number of shallow cuts made closer together.

Experiments were undertaken to check the Validity of these results in
practice.

It has been shown that laboratory techniques .enable the factors affecting
efficient breakage of coal by pick action to be studied systematically, the
scaling studies emphasizing the influence of the gross weaknesses in coal on
the breakage processes. The results have been applied to operational machines
and while good agreement is shown in instances where the machine power is used
primarily in cutting the coal, the anticipated improvements from a better
choice of pick, depth of cut, and line spacing can be masked when a consid-
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erable proportion of the available power is wasted in moving the broken coal
from a confined space and in comminuting the extracted coal during the
process.

72. A Comparison of Borer, Rirer, and Conventional Mining
Products in Illinois No. Seam Coal RI-7687

The Methane Control and the Respirable Dust Groups at the Twin Cities
Mining Research Center (TCMRC) cooperated recently in obtaining production
samples of approximately 1 ton each, from the loading conveyors of a ripper,
a borer, and a loading machine in conventional development headings. These
samples were sized, in four stages, from plus 4 in. to minus 10~. The con­
ventional product had the least fines of the three production methods. The
borer product had more fines than did the ripper product, but it also had a
greater amount of large pieces. All three products, as sampled, had essen­
tially the same amount of minus 10-1-lm particles. Photomicrographs and
surface-area comparisons were made. Gas-adsorption, surface-area deter­
minations on particles under 37 ~ give essentially the same value. Surface­
area calculations, assuming spherical particles and no porosity, give a
smailer area to the conventional product.

The conventionally mined coal sampled contained less total fines and
less dust of aerofloat size than did either the borer or ripper product. Of
the two machines, the borer produced more total fines and more dust of aero­
float size than did the ripper. The borer also produced a larger percentage
of oversize pieces than did the ripper, probably because of the complex
borer cutting mechanism. All three products as sampled contained the same
percentage of minus 10-~ dust. No attempt was made to capture any aero­
float dust at the working face.

The gas-adsorption, surface-area determinations for the three products
show some anomalies in two undersized ranges • When particles under 37 I.IJ'D are
measured, all show nearly the same value. For particles under 10 ~, the
specific surface of the ripper product was twice that of the borer product,
and the conventional mined coal was intermediate in value (Table 3).

If mining methods or breakage mechanisms would truly produce coal parti­
cles with different shape character (despite the "natural" fracture pattern),
then, of course, particles of approximating cubic shape (ideally spherical)
would have the lowest ratio of surface-area to unit weight. In microscopic
analysis, however, all three types appear to be similar and curiously
acicular. Further, specific surface determinations that use gas adsorption
depend upon a monolayer of nitrogen gas being adsorbed, then totally desorbed.
It is common in this analytical technique to express significantly different
areas when they differ by more than 100 percent. It is tentatively con­
cluded that all three coal production methods Yield the same surface area
within the size ranges tested; that is, a given mining method does not yield
a particularly differently shaped coal particle.
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The scanning electron micrographs appear to support the idea that coal
has a natural breakage pattern, and that the three production methods yield
no particular differences in shape.

Some error in the findings could also have resulted from uncontrolled
variables such as bit sharpness, sump speed, variations in coal properties,
and variations in roof pressures.

314.000/70-280. Machine and Cutting Design

A series of statistically designed experiments is obviously needed, one
which would consider all current coal-extraction processes to determine the
effect of operator and machine variables on product size. The measurement
of aerofioat dust during these experiments is of paramount importance. Work
is currently underway by the Bureau of Mines, both in-house and by contract
to private industry, that will lead to such a series of experiments.

This article deals specifically with the effect of bit design and
mining machine design as related to respirable coal dust. It reviews the
cutting theory of R. H. Goodrich who theorized that the action of a cutter
bit in brittle material was a constantly repeating cycle of crushing and
chip formation. This indicates that dust will be produced as long as a
cutting action is used.

1. Bit penetration (greater penetration lessens dust).
2. The kind of material mined.
3. The bit speed and penetration force available.

Data based on a: sample from one machine on one shift cannot be con­
sidered statistically adequate. In this case, interference with coal pro­
duction and logistical problems of handling larger samples precluded any
replications.

As indicated before, the most important limitation of this study is
that aerofloat dust was excluded from consideration in the size analyses.
Therefore, it is not possible to use these data to compare respirable dust
generation because dust must become airborne to become respirable. It is
quite possible that the process that delivers the.most dust of aerofloat or
respirable size to the loading conveyor has, by nature of its cutting action,
the least tendency to impel particles into the air.

The spherical-shape calculations for the total mined product (Table 4)
show an even more diverse trend among the three coal production types. But
they are for the total tonnage-sized sample, starting with 4-in. coal, and
the trend supports the first concluding statements of this section; that is,
the conventional product gives the smallest surface area.
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The general conclusions from tests made to verify cutting theory
p

include:

1. Cutter element design~is very complex and no single tool design
will operate efficiently in al1~~oal seams.

-lS~

2. Some general rules can be followed in applying' bits, as
follows :

a. To optimize cutter efficiency, bit penetration must be
maximized, therefore the number of bits should be minimiz.ed conunensurate
with bit strength and frequency of changing bits.

b. Keep bit velocity at as Iowa speed as possible, since high
speeds cause greater dust entrainment.

c. Dull, broken, or missing bits dramatically increase the force
necessary for cutter element penetration. Since only limited bit penetration
force is available, the distance penetrated by each bit will decrease,
causing more fines and lower production.

d. The relative position of the bit block, as it is welded to the
cutter element, is very important. The bit must cut proper clearance so that
the bit block will not rub on the"face. Rubbing bit blocks will cause severe
dust generation.

3. Some of the factors which affect dust exposure are:

a. Quantity of dust produced at the face.
b. Type of ventilation.
c • Quantity of ventilating air.
d. Ty})e of coal.
e. Inherent moisture in the coal.
f. Quantity of dust in the incoming air.
g. Effectiveness of water usage or other dust suppression devices.

4. Bit design affects only one of these factors, the quantity of dust
produced, and the only method to reduce the fines is to increase bit pene­
tration.

1

1

I
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1. A back clearance angle of 5 degrees should be used.

This paper describes the results of tests with wedge type picks to
determine the effect of changes in clearance and rake angles.

Laboratory investigations have shawn that the following recommendations
on pick shape will lead to efficient pick action if the picks can be main­
tained in a sharp condition:

The change in normal force with rake angle was on the whole smaller than
that in cutting force, though it resulted in normal forces becoming negative
for rake angles greater than about 20 degrees.
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314.000/62-9
-"' '.'\,

These results can be explained satisfactorily by postulating the simple
force system shown in Figure 3. The force Q acting at the extreme tip of the
pick is small compared with P for the sharp-edged picks used in these
experiments. Thus the cutting and normal forces will consist mainly of the
resolved components of P and ~P, where ~ is the coefficient of friction
between 0·2 and 0·4. It is easy to see that these calculated forces will vary
with rake angle in the way found in the experiments.

The amount of coal removed by a given depth of cut was virtually the
same for all pick shapes, and so the energy used per unit of coal won varied
with the angles in the same way as the cutting force.

2. The rake angle should be as large as possible. A value of 30 degrees
should provide sufficient tip strength for most conditions and a larger angle
may be practicable in easy cutting conditions. A reduction below 30 degrees
should be made only when severe cutting conditions make it imperative.

For picks with clearance angles of 5 degrees or more, an increase in
rake angle produced a continuous decrease in both cutting and normal forces,
rapid at first and then more gradual.

It was found that the decrease in cutting force was approximately 4:1
between the extremes of zero and 45 degrees, and approximately 3:1 between
zero and 30 degrees. Thus most of the possible improvement over a pick with
zero rake angle has been obtained by the time the rake angle has been in­
creased to 30 degrees; further increase produces a lower return in terms of
the absolute magnitude of the cutting force. However, a given increase in
rake angle results in a large proportional decrease in cutting force even up
to the largest rake angles used in this investigation.

In every instance in which the back clearance angle was zero the mean
cutting force and the mean normal force were both large--in the range
50 lb to 300 lb per wt with Barnsley Hards, according to the rake angle and
depth of cut being used. When the clearance angle was increased to 5 degrees
the cutting force was reduced to approximately half, and further increase in
clearance angle produced little or no further reduction. The effect of clear­
ance angle on the normal force (thrusting the pick out of the coal) was sim­
ilar though much more pronounced, the normal forces falling to near-zero and
even negative values for the picks with the larger rake angles.

81. Effect of Pfck Shape on Cutting Forces
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3. The face of the tungsten carbide tip should be flat and should not
be masked by any tongue of shank metal that might interfere with the cutting
action of the tip or with the flow of broken co~ away from the tip.

4. Until firm recommendations on the shape of the tip face can be given
the usual duckbill shape should be retained.
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VII. ABSTRACTS OF PERTINENT PATENTS FROM PATENT SEARCH

A patent search was conducted to determine the existence of any novel
bit designs which claimed to reduce dust production. An analysis of the 34
patents received shows the following classification:

1. Eighteen for point attack bits.
2. Seven for rectangular shank cutter bits.
3. Two for diamond bits.
4. Two for core breakers.
5. Two for chain cutters.
6. One for a rotary cutter bit.
7. One for a carbide insert for cutting tools.
8. One for a mining machine rotary cutting bar.

A listing of all the patents reviewed is given in Appendix C-l.

None of the patents made any claim to reduce dust production. Most of
the bit patents concerned the method of mounting the bits in the bit blocks
and design of retaining pins or rings.

Four of the patents (copies included) did describe bits which could
affect dust production, although they did not make such a claim. Abstracts
of these patents are given below.

1. Patent 3,361,481, Rotating Cutter Bit - issued January 2, 1968

A cutter bit for a mining machine formed as a frustoconical head having
a hard metal tip and a concentric reduced diameter shank mounted for free
rotation in a cutter block socket. The conical head is provided with a
plurality of spiral ribs to frictionally engage the material being mined to
cause positive rotation of the cutter bit. The spiral ribs are uniform in
cross-section throughout their length so that the furrows remaining between
the ribs increase in width from the front to the rear of the bit.

2. Patent 3,476,438, Cutter Bit - issued November 4, 1969

The present invention provides for enhanced rotation of the cutter bit
by the provision of a plurality of vanes or fins projecting radially from the
peripheral surface of the head portion of the cutter bit. The fins extend
from a position rearward of the hard cutting tip to a position forward of
the cylindrical. shank. The fins are adapted to form non-cutting frictional
contact with the surface being cut. It has been found that the provision of
such peripheral fins considerably enhances the free rotation of the. bit in
the block and thus serves to prolong the life of the bit and its cutting tip.
It is believed that the enhanced rotation results from the addition of a
component of force acting on the outer periphery of the tool in a direction
perpendicular to the center line of the tool. In other words, the fins
create a torque which enhances the rotatability of the cutter bit in the
cutter block during operation.
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3. Patent 3,652,130, Bit and Block Assembly - issued March 28, 1972

In the embodiment, the tapered head has a substantially conical con­
figuration. A turning means is provided on the tapered head, the turning
means providing a cross section perpendicular to the shank and head axis
which is a departure from a circular cross section. This turning means en­
gages the wall during picking action by the tapered head, the interengage­
ment of the turning means in wall causes the head and shank to turn. In the
bit species disclosed, the turning means includes ribs on and extending
spirally along the length of the tapered head. Specifically, the spiral ribs
extend laterally outward of the conical head. The number of spiral ribs pro­
vided on the tapered head can vary. A turning motion is imparted to the
tapered head by the action of one or more such ribs striking the wall, thereby
causing the tapered head to be self-sharpened.

As indicated in the abstracts, all of these three patents claim that
rotation of the bit is improved, which tends to maintain a sharp point on the
cutting end. fruring the survey, maintenance of a sharp point on a point
attack bit was cited as a factor in helping to reduce dust production. If
these claims are factual, bit designs described in the patents may be bene­
ficial in controlling dust levels.

4. Patent 3,697,137, Resilient Mounting for Cutting Tools of Mining
Machines and the Like - issued October 10, 1973

The present invention relates to cutting tool-lugmounting means combin­
ations provided with resilient means such as to permit limited movement of
the cutting tool in at least a direction substantially opposite the cutting
direction.

In recent years, mlnlng machines have become more powerful. The cutting
tools of such heavy duty mining machines, operating continuously during the
mining operation, are subjected to heavier and more continuous strains. The
resilient mountings of the present invention ease the load on the cutting tips
of the cutting tools. Irnen rotatable bits are used, they will tend to
rotate more freely. Simultaneously, the resilient mountings allow pressure
to be built up between the cutting tools and the material being mined, so as
to fracture the material being mined. Cracks in the material, formed in the
cutting operation, tend to propagate faster. When the material gives way,
the fracturing pressure is released imparting a "kick" to the bit. As a
result of the above, the cutting tool-lugmounting means assemblies, provided
with the resilient mountings taught herein, are characterized by longer
service life. In addition, the assemblies of the present invention feed in
the advancing direction more readily.

If, as claimed in this patent, pressure is built up between the bit and
coal then a fracturing, rather than smaShing, effect will exist and may in­
crease the resultant size consist of the mined coal. Based on the theory that
larger size consist results in less respirable dust, the mounting arrangement
described, if valid, could reduce dust concentrations.
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VIII. CONCWSIONS

Because of the lack of data on the application and performance of bits,
the conclusions from this survey must be based primarily on opinions expressed
by the people interviewed and information included in publications. Often
these opinions differ because mine conditions vary widely and result in
operators having different experiences with the same bit. Therefore, the con­
clusions stated reflect a consensus and may not apply to specific operations.

The conclusions formulated as a result of this survey are as follows:

1. In the present "state-of-the-art," bit design parameters such as
diameter, length, and metallurgical properties are fairly well fixed and
appear to be adequate for the job. The parameters in use have evolved primar­
ily from trial and error methods in underground usage and not from textbook
analysis.

Based on test data, the smallest bits, Style 2, appear to produce the
least amount of dust; " This would indicate that smaller diameter, shorter bits
are the best design for dust control. However, many parameters which could
affect dust production were not taken into consideration during these tests,
and statements on the effect of bit design are speculative. The primary reason
for varying bit design parameters is to produce a bit which has the properties
required for the most economical operation for a specific application.

2. "Best bit" design - There is no single "best bit" design for the coal
industry, only for individual mines. This conclusion is substantiated by
several facts.

a. The operators, bit manufacturers, and machine manufacturers all
agree on this point.

b. The number of designs currently in use indicates the variation
in conditions which make a single "best bit" design improbable.

c. In spite of the number of designs available there is still in­
terest, although little active work, in development of a better bit.

In addition, a design which reduces dust production may not be com­
patible with the optimum design for mine conditions. For example, test data
indicate that the mini-bob bit, Style 2, produces the least amount of dust.
However, the bit usage data in Figure 8 shows that this bit is better suited
to softer coal with a high grindability index, while the more massive bits,
such as Styles 5 and 7, are better suited to harder coal having a low grind­
ability index. Moreover, survey information indicates that bits wear out
faster when used to mine harder coal. Therefore, even though a Style 2 bit is
best for dust reduction, its use in harder coal seams would be economically
unfeasible.

The bit manufacturers, also, were not able to agree on a particular
bit style being the 'best bit" design for the industry. As shown in Table 15,
the best selling bit is not always the bit considered best by the manufacturer;
and the opinion of what is 'best" design varies among the manufacturers.
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TABLE 15. "BEST BITS" AS VIEt'lED BY BIT MANUFACTlJRJ~RS

Bit Manufacturer

A

B

C

D

E

F

G

H

Best Selling Bit Best Design

Style 5 Style 15

Style 7 Style 15

Style 7 Style 15

Style 3 and Style 14 Severe cutting - Style 4 and Style 7
Ea.sy cutting - Style 14

Style 14 Style 15

Proprietary Customer opinion

Note Diamond

Style 2 Depends on c::mditions

Note - Company "G" does not market bits for use on continuous miners.
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3. The establishment of bit research and development programs has been
hindered by the competitive nature-of the bit industry and, according to some
bit manufacturers, by the coal operators' reluctance to help defray the. cost
of development work by paying a higher price for new, untried bits. At the
present time there are approximately 13 bit manufacturers of which three or
four are considered the "leaders" of the industry. These few are responsible
for the limited research and development work being done on new designs and
materials. The other manufacturers utilize these developments and serve as
suppliers to the coal industry, basing their existence prim~ily on being able
to sell bits at or below their competitors' prices.

This competitiveness has resulted in a lack of initiative and incentive
on the part of manufacturers to research new designs or techniques and,
therefore, a lack of significant new developments in mining techniques or
equipment. The situation can be summed up by the following comments of two
different bit manufacturers, in reply to questions about bit development:

a. One representative said his company doesn't do any development
work, they just copy like everyone else.

b. Another representative said his company will not invest in
developing new bits unless they can be patented.

4. The coal industry at present generally believes that dust control
will be attained through the use of auxiliary equipment and that the effect
of bit design is not significant. This is evident by the fact that (1) there
are very few tests being run to determine the effect of bit design; and
(2) the major effort has been on scrubbers, spray systems, and auxiliary ven­
tilation systems.

Thus, the general attitude of the industry appears to be that bits must
be considered an operating expense about which little can be done. Facts and
opinions which support this conclusion are:

a. Several operators felt the overall bit cost/ton is too small
to justify expending manpower and money to control.

b. Mining companies had little or no data available on bit cost/
ton. Obviously no effort is made by these companies to control bit costs.

c. The lack of organized formal tests to determine bit performance
reflects a lack of concern for obtaining valid data on which to base selection
of proper bit design.

d. Thousands of dollars are spent to provide power to the bit, but
relatively little is spent to optimize the bit which actually does the work.

e. Research, underground testing, and mining experience all in­
dicate that operating conditions, bit speed, number of bits, and operator
technique have considerable effect on bit performance, particularly with
respect to dust production.
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Recent developments in maepine design, which corroborate research
results, include the reduction of linear bit speeds from 900 ft/min to
approximately 600 ft/min and a trend to use of fewer bits. Results of some
tests indicate these changes tend to produce larger size consist and theoret­
ically less dust.

There is some disagreement among mine operators on the effect of
operator technique. It was generally agreed that a skilled operator can make
a bad bit look good and an unskilled op~rator can make a good bit look bad.
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IX. RECOMMENDATIONS

The lack of valid test data and the diverse op~n~ons on bits and bit
performance make it impossible to recommend any particular design over the
others either on the basis of operating cost or dust production. Based on
usage, the point attack bit is the most popular design and Style 4 the most
popular point attack bit. Popularity, however, is obviously not a sound
basis for selecting the best bit.

Therefore, the recommendations being made deal primarily with determina­
tion of present bit performance and development of new bit designs and
material.

1. The limited data collected during the survey indicated that bit
design, particularly that of the mini-bob or Style 2, could affect dust pro­
duction. To determine the validity of these results the USBM, coal operators,
and manufacturers should, through a joint effort, conduct controlled and
documented underground tests to correlate bit design with dust production, cost
per ton, and other operating uarameters.

Hopefully, these tests could determine whether a "best bit" design for
the industry can be developed. lUthough such tests are costly, difficult
to design, and to carry out, it is our opinion that this is the only way to
determine bit performance accurately, and obtain information that ~Tou..ld

serve as a basis for bit design improvement.

2. Operators and manufacturers agree that the present bits perform
well when cutting coal, and that the cutting of rock and other inclusions
destroys the bits. Research into the cutting technology of rock, pyrites, and
other materials found as inclusions should be done with the object of develop­
ing bits or materials which can cut these inclusions more efficiently. ~nis

work should be performed initially on a laboratory scale using samples of in­
clusions taken from the mines to .determine cutting requirements, similar to
the procedure outlined in Section V-B, test lro. a and b. New tools or tech­
niques developed should then be subject to. underground tests for final eval­
uation.

3. In recent years many significant advances have been made in most
engineering disciplines as a result of knowledge contributed by the space
program and development of supersonic jet planes. A search of this new tech­
nology should be made for possible application to mining. For example, could
the material and/or bit design used on the equipment for obtaining core samples
of the moon surface be applied to mining?

4. Most bit manufacturers cannot individUally support research and
development programs because of low profit margins. A research program
jointly supported by the bit industry could be beneficial to both the manu­
facturers and the operators. The programs could include new mining techniques
(high pressure water, for example), new bit materials, and new bit manufactur­
ing techniques. These programs could develop the basic technologies, with
refinement, and commercial application left to the bit manufacturers on a
competitive basis.
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5. Interviews conducted during the survey revealed that testing is
being done by some mining companies on auxiliary equipment for dust control
and that, generally, operators are not aware of research being done in
cutting technology, dust control methods, or dust monitoring techniques. l~ore

effort should be made to disseminate the results of this testing and research
so they can be put into practice where feasible.

6. Most of the published work on research in cutting bits involves
wedge type or flat cutter bits. There appears to be little information on
point attack bits. The acceptance of the point attack bit is, therefore, not
based on a technical appraisal of its cutting efficiency, but primarily on
sales claims of the manufacturer. It is recommended that a program be estab­
lished to test the various bit designs--wedge, flat, and point attack--to
determine:

a. Which design is, in fact, the most efficient cutting tool in
terms of power required per ton of coal mined,

b. Which design produces less dust, particularly after the bit
has become worn,

c. Whether there is a need for the large number of variations
available in each design,

d. The actual cause of point attack bit rotation, with work to
make rotation more positive,

e. ~1ether the use of metallurgical techniques, such as infusion
of boron into the bit surface, can have a beneficial effect on bit life.

7. The bit survey revealed two new bits, the spiral ribbed bit and the
all steel boron coated bit. The developers of these bits have not been suc­
cessful in obtaining industry cooperation in testing these bits. A facility
should be set up, either by the USBM or jointly by the coal industry, for
complete evaluation of new developments, with a procedure for dissemination
of the results. The lack of an adequate test facility could result in the loss
of potentially important mining developments.
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x. INVENTIONS

There are no patentable results or inventions from the work performed
under this contract.
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APPENDIX A

ORGANIZATIONS INTERVIEWED DURrnG SURVEY
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ORGANIZATIONS INTERVIEWED DURING SURVEY

Name Title
Personnel Interviewed

1 _

Director of Engineering
Consulting Engineer
Manager, Chain Plant

Assistant Manager,
Mining Engineering

Vice-President &
Chief Engineer

Sales Manager
Plant Draftsman

Marketing Manager
Product Manager
Product Manager

Sales Manager
Manager Manufac­

turers
Manager Product
Development

President
Vice-President,
Engineering

President·
Production Manager

Carbide Product
Design Engineer

Specialist - Mining
Sales

Manager

President

Preceding page blank A-3.

Jack Brantner

Jack O'Neil
Warren Fife

E. Warner
R. Lehner
L. Rollins

Tom Kniff
Don Leiber
Seibert Oaks

Hugh Bastian
Ken Emmerich

A. o. Bruestle
C. B. Krekeler

James Butts
Dennis Alexander

Jack Steel
Bill Zelenka

Lloyd Hansen'

Dale Whitman

Arnold B. Bower

Bob Chorpenning

F. T. Bowman

APPENDIX A

Bit Manufacturers

Columbia Bits
Columbus, Ohio

Mining Machine Manufacturers

VR/Wesson
Mining Division
Lexington, Kentucky

Cincinnati Mine Machinery Co.
Cincinnati, Ohio

Kennametal, Inc.
Bedford, Pennsylvania

Joy Manufacturing Co.
Franklin, Pennsylvania

Jeffrey Mining & Machinery Co.
P. O. Box 1879
Columbus, Ohio 43216

Austin Powder Company
Minetool Division
Cleveland, Ohio 44113

Carmet Co.
Minetool Division
Shinnston, West Virginia

Bowdi1 Company
Canton, Ohio

Carboloy (Subsidiary of GE)
Detroit, Michigan
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Personnel Interviewed
Mining Machine Manufacturers Name Title

Lee-Norse Company
Charleroi, Pennsylvania

Research Facilities·

u.s. Bureau of Mines
Minneapolis, Minnesota

Government Agencies

Department of Mines & Minerals
Springfield, Illinois

C~de Holvenstot

Kelly Strebig

Mr. McReaken

Vice-President of
Engineering

Project Engineer

Director

Kentucky Department of Mines &
Minerals

LeXington, Kentucky

Hareld N. Kirkpatrick, Commissioner

Ohio Division of Mines Arnold W. Snowden
Columbus, Ohio

Pennsylvania Deparrnent Environ- Walter J. Vicinelly
mental Research

Harrisburg, Pennsylvania

Virginia Division of Mines W. Foster Mullins
Big stone Gap, Virginia

West Virginia Department of Mines John Ashcraft
Charleston, West Virginia

Consultants

Chief

Chief Division of
Mine Safety

Chief Mine Inspector

Director

E & E Bit Company
Christopher, Illinois

Pettito Mine Equipment
Repair Company

Morgantown, West Virginia

John Y. Riedel, Steel Consultant
R. D. 4, Black River Road
Bethlehem, Pennsylvania 18015

Coal Mining Companies

Bell and Zoller Coal Co.
Ziegler No.4 Mine
Johnston City, Illinois

Mr. Gerald Elders

Mr. A. Pettito

Frank L. Dillard

Retired

President

Chief Engineer
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Coal Mining Compa.I!=-ie~s~__

Freeman Coal Mining
Orient #3, 4, and 6 Mine
West Frankfort, Illinois

Inland Steel Company
Sesser, Illinois

Monterey Coal Company
Carlinville, Illinois

Old Ben Coal Co.
Benton, Illinois

Peabody Coal Company
No. 10 Mine
Pawnee, Illinois

Sahara Coal Company
Mine #20
Harrisburg, Illinois

Sahara Coal Company
Mine #21
Harrisburg, Illinois

Martin County Coal Corp.
Warfield, Kentucky

Scotia Coal Company
Scotia Mine
Cumberland, Kentucky

Southeast Coal Company
Polly Mine
Whitesburg, Kentucky

F & P Coal Company
Buffalo #2 Mine
Vindex, Garrett Co., Maryland

Consolidation Coal Co. (Hanna)
Rose Valley NoD 6 Mine
Cadiz, Ohio

Bill Dexton
Frank Padavic

D. M. Dwosh

G. W. Lockin

H. B. Smith

B. Morton
G. Roberts
P. Pinaneschi
D. Burkhalter

A. J. Webster

Joe Craggs

Ken Chambers
Bob Danko

Tom Goldman

Charles Boyd

R. A. Bradbury

Fred Maggard

Mr. Cahoon

Franklin Polce

William McCullough

Industrial Engineer
Project Engineer

Supervisor, Indus­
trial Engineer

Manager of Technical
Services

Superintendent of
Maintenance

Op. Manager
Mine Superintendent
Engineer
Prep. Engineer

General Manager

Vice-President of
Underground Oprs.

Supply Clerk
Chief Elec.

Mine Superintendent

Mine Superintendent

General Manager

General Superintendent

Mine Superintendent

Superintendent

Superintendent



A-6.

Coal Mining Companies
Personnel Interviewed

Name Title

North American Coal Co.
No.5 Mine
Powhatan Pt., Ohio

Oglebay Norton Co.
Norton No. 3 Mine
Powhatan pt., Ohio

The Youghiogheny & Ohio Coal Co.
Martins Ferry, Ohio

Barnes and Tucker
Lancashire Mine No. 24D
Barnesboro, Pennsylvania

Bethlehem Mining Corp.
Mine No. 77
Mineral Point, Pennsylvania

Consolidation Coal Company
Library, Pennsylvania

Island Creek Coal Company
Tire Hill, Pennsylvania

Pennsylvania Power and Light Co.
Greenwich Collieries
Barnesboro, Pennsylvania

R & P Coal Co.
Jane No. I and No.2
Elderton, Pennsylvania

R & P Coal Co.
No.6 Lucerne Mine
Indiana, Pennsylvania

Republic Steel
Banning Mine No. 4
Van Meter, Pennsylvania

Republic Steel
Clyde Mine
Fredericktown, Pennsylvania

M. G. Pydosz
John C. Bennett
Mr. McCartney

Bruny Scypta

Warren Kmetz

Edward Arotin
William Das ley

Robert DuBreucq
Joseph Fether

Paul Mohr

W. L. Schwartzenberg

Joseph Kreutzberger
Dallas Leamer

Jack Straw
Andrew Snwlo
William Flick

Mr. R. Billings

Mr. F. Hilliard

Mr. Calhoun

Mr. Eget

E. J. Semsoy
Carl Lemley

William St:iJnmel
Harry Hamer

Superintendent
Asst. Mgr. to the Mines
Supt. Maintenance

Manager

Asst. Superintendent

Manager of Mines
Superintendent

Engineer
Asst. Superintendent,

Mines 73 & 77

Safety and Health
Coordinator

Mgr. of Mines ­
Northern Division

General Superintendent
Maintenance Super-

intendent
Safety Coordinator
Safety Inspector
Sales Engineer,
Kennametal

Vice-President of
Operations

Production Engineer

Manager, Quality &
Environmental Control

Supervisor, Environ­
mental Control

Superintendent
Purchasing Agent

Mine Foreman
Master Mechanic
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Coal Mining Companies

Rushton Mining Company
Rushton Mine
Philipsburg, Pennsylvania

Clinchfield Coal Corp
Dante, Virginia

Bethlehem Mines Corp.
Barracksville Mine No. 43
Barracksville, West Virginia

Carbon Fue1 Company
Carbon, West Virginia

Consolidation Coal Co.
(Christopher)

Osage No. 3 Mine
Osage, West Virginia

Consolidation Coal Co.
(Mountaineer)

Williams Mine
Monogah, West Virginia

Imperial Coal Company
Nos. 11 and 14 Mines
Eskdale, West Virginia

United states Steel
Gary, West Virginia

Westmoreland Coal Co.
Clothier, West Virginia

Westmoreland Coal Co.
Eccles No. 5 Mine
Tams, West Virginia

Zapata Coal Corp.
Sharples, West Virginia

Mr. Rickard

James Justice

James Gray
J. McLeary

L. N. Thomas

L. Bottom Lee

Wilbur Simon
Gerry Spindler

G. Sholice
Wayman Goodwin

A. L. Clark
Thomas Fernett

Joseph Subrick

Paul Meek

R. E. Short
W. McCutcheon

Mr. Bessinger

Superintendent

Group Vice-President,
Virginia Division

Project Engineer
Superintendent

Vice-President,
Planning & Development

Industrial Engineer

Safety Director
Project Engineer

General Superintendent
Maintenance Foreman

General Superintendent
General Mine Foreman

Asst. General
Superintendent

Supervisor Health
and Sa:fety

General Superintendent
Chief Engineer

President
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"State-of-the-Art" Bit Survey - Mining Companies

BiturninousCoai ResearCh, Inc. - Project 2022

3. What do you consider to be the advantages and disadvantages of each
type?

Title

Date ------------
Personnel Interviewed

Name

Preceding page blank '
_______ -1

1. Could you list your considerations for selection of bit design in the
order of their importance? Is coal dust production a factor?

2. What type of bit are you currently using'! If more than one type is
in use, what is your experience with each type and your preference? What type
is used with each miner?

Section I - Production and Engineering Departments

Company _

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
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4. Do you have data available on bit performance such as tons mined/bit,
bit cost/ton of coal mined, maintenance and replacement experience, purchase
price/bit? Is this data available for use in this survey?

5. Do you have data on bit performance in regard to bit failures, wear
on the block, excessive bit wear, point of wear, probable cause, and mainte­
nance costs, including replacement frequency?

6. Please supply the following general information:

a. Coal seam being mined

b. Seam height l>Ia.ximum Minimum Average---- ---- ---- ----
c. Seam characteristics

d. Associated rock strata

e. Type and number of mining machines in use

f. Speed of miner head

g. Number of bits on head

h. Type and number of sprays, if used

i. Normal work schedule - shifts/day

avg tons/shift/section

number of sections
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7. Have you changed the type of bit in the past five years? If so,
what changes were made and the reason for each change?

8. Have you experienced any major problems with the various designs?
Describe these problems and how they were corrected.

9. Have you made any studies of different bit designs to determine
their relative characteristics in regard to production, maintenance, dust
propagation, bit life, etc.?

10. Have you made any studies relating dust production to bit design?
If so, what were the results?
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11. Are there any areas of bit design that you feel should be investi­
gated to try to improve the design with regard to production, maintenance,
and/or dust suppression?

12. In your op~n~on, do bits generally rotate? If so, what are the main
forces that cause rotation? What factors increase or retard rotation?

13. What effect do operator teChniques have on bit life, production,
dust, etc.?

14. Is the design of bits a process involving "text book" engineering or
is it primarily a trial and error process? Is the engineering primarily
mechanical or metallurgical?
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15. With respect to generation of dust, what appears to be the most
promising method of dust abatement? What methods have you tried and what
were the results?

Section II - Research and Development

1. Are there any completed R&D projects pertaining to bit design? If
so, are copies of the project reports available, inclUding results of lab and/
or field studies?

2. If the reports are not available, can you give a summary of the
objectives and results of these projects?

I
I
I
I

l

3.
tions?

Were the results of these projects used in any commercial applica­
If so, where and with what results?
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4. Are there any current projects pertaining to bit design? If so,
what are the objectives of these projects and the results to date? Are the
project reports available?

5. What were the r'easons for initiating these projects?

6. Are you' aware of any research being done by other organizations,
domestic or foreign, in the areas of bit. design and/or dust suppression
techniques?

7. In particular, have you done or are you doing any research in the
area of dust suppression? If so, what are the objectives of this research and
what are the results? Axe copies of project reports and data available?



I
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Name Title

Date ------------

Personnel Interviewed

Company _

I
I
I
I
I
I
I
I

Section I - Production and Engineering Departments

1. How many different basic bit designs do you manufacture? CM you
supply descriptive literature and price lists for each design?

I
I
I
I

2. How would you rMk the various designs with respect to sales volume
and how would you account for the order of rank?

I
I
I
I
I

3. What needs initiated the development of these different designs?

l
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4. What were the basic considerations and the priority given them in the
development of these bits? In particular, was the suppression of respirable
dust a consideration?

5. What do you consider to be the advantages and disadvantages of the
various designs?

6. Do you have any data on the performance of the different designs in
regard to production/bit, maintenance requirements, bit life, production of
respirable dust, etc.? Is this information available for use in this survey?

7. Do you currently have any new bit designs under development? If so,
what initiated the design and what were the basic considerations influencing
its development?
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8. Based on your contacts with customers and your own experience, are
there any areas which you feel require development to improve bit perfor­
mance or the manufacturing process?

9. Have the bits been used with water flushing? If so, what were the
results, particularly with respect to dust abatement?

10. What factors do you stress in your sales presentations to buyers?
Do you include dust suppression as a selling point for any of the designs?

11. When IlUn~ng companies or IlUn~ng machine manufacturers order bits,
what are their specifications? Specifically, is dust suppression a factor
when ordering?
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12. Do you have any feedback on the reactions of mining companies and
mining machine manufacturers to the various bit designs?

13. Is the same basic manufacturing process used for all bits? If not,
what are the differences and what are the reasons for them? Give a brief
description of your processing, including forming and metallurgical processes.

14. Have you had any specific manufacturing problems or customer com­
plaip-ts on excessive breakage or short life with a particular design? Give
a brief description of problem and how it was resolved.

15. In your op~n~on, do bits generally rotate? If so, what are the main
forces that cause rotation? What factors increase or retard rotation?
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16. What effect do operator techniques have on bit life, production,
dust, etc.?

17. Is the design of bits a process involving l'text book" engineering or
is it primarily a trial and error process? Is the engineering primarily
mechanical or metallurgical?

Section II - Research and Development

1. Are there any completed R&D projects pertaining to bit design? If
so, are copies of the project reports available, including results of lab and/
or field studies?

2. If the reports are not available, can you give a summary of the
objectives and results of these projects?
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3.
tions?

Were the results of these projects used in any commercial applica­
If so, where and with what results?

4. Are there any current projects pertaining to bit design? If so, what
are the objectives of these projects and the results to date? Are the project
reports available?

5. What were the reasons for initiating these projects?

6. Are you aware of any research being done by other organizations,
domestic or foreign, in the areas of bit design and/or dust suppression
techniques?
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7. In particular, have you done or are you doing any research in the
area of dust suppression? If so, what are the objectives of this research
and what are the results? Are copies of project reports and data available?
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APPENDIX C-l

LIST OF PATENTS REVIEWED

Bowman, Newton K., "Core breaker for mining machines," U.S. Pat. 1,550,669
(Aug. 25, 1925). 5 pp.

Bowman, Newton K., "Core-breaker," U.S. Pat. 1,903,772 (Apr. 18, 1933). 3 pp.

Fulke, Frank L. (to Frank Prox Company), "Mining machine and elements there­
of," U.S. Pat. 2,156,726 (May 2, 1939). 6 pp.

Forbes, Charles J., "Cutting chain structure," U.S. Pat. 2,581,586 (Jan. 8,
1952). 3 pp.

von Stroh, Gerald F. H. (to Bituminous Coal Research, Inc.), "Rotary cutter
bit," U.S. Pat. 2,657,916 (Nov. 3,1953). 6 pp.

Bruestle, Armin 0., and Krekeler, Claude B. (to The Cincinnati Mine Machinery
Co.), "Mining cutter bit having a resilient tongue," U.S. Pat. 2,860,863
(Nov. 18, 1958). 3 pp.

Osgood, Charles F. (to Joy Manufacturing Company), "Cutter bit and support
therefor," U.S. Pat. 3,063,691 (Nov. 13, 1962). 3 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Cutting bit
holders," U.S. Pat. 3,093,365 (June 11, 1963). 5 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Cutter bit to be
used with resilient retaining member," U.S. Pat. 3,114,537 (Dec. 17, 1963).
6 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Double-ended
cutter bit and socket construction," U.S. Pat. 3,148,002 (Sept. 8, 1964).
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Goodfellow, Robert D., Jr., and Kniff, Thomas J. (to Kennametal Inc.), "Mining
machine tool and holder," U.S. Pat. 3,305,274 (Feb. 21, 1967). 4 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Cutter bits and
mounting means therefor,11 U.S. Pat. 3,331,637 (July 18, 1967). 4 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Conical cutter
bits held by resilient retainer for free rotation, 11 U.S. Pat. 3,342,531
(Sept. 19, 1967). 6 pp.
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Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Cutting tool
comprising holder freely rotatable in socket with bit frictionally attached,"
U.S. Pat. 3,342,532 (Sept. 19, 1967). 3 pp.

Prox, Robert F., Jr. (to Frank Prox Company, Inc.), "Retainer for coal cutter
bits," U.S. Pat. 3,351,386 (Nov. 7, 1967). 3 pp.

Maddock, Kenneth J. (to Westinghouse Air Brake Company) , "Rotating cutter
bit," U.S. Pat. 3,361,481 (Jan. 2, 1968). 3 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Cutter bits and
means for mounting them," U. S. Pat. 3,397,012 (Aug. 13, 1968). 13 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Cutter bits and
means for mounting them," U.S. Pat. 3,397,013 (Aug. 13, 1968). 6 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Mining machine
rotary cutter bar," U.S. Pat. 3,409,331 (Nov. 5, 1968). 7 pp.

Bower, Arnold B., Jr. (to General Electric Company), "Cutter bit," U. S. Pat.
3,476,438 (Nov. 4, 1969). 2 pp.

Bower, Arnold B., Jr. (to General Electric Company), "Cutter bit," U. S. Pat.
3,493,268 (Feb. 3, 1970). 2 pp.

Morrow, Harry M. (to The Bowdil Company), "Cutting apparatus," U.S. Pat.
3,498,677 (Mar. 3, 1970). 9 pp.

Kniff, Thomas J. (to Kennameta1 Inc.), "Pick-type mining tool," U.S. Pat.
3,512,838 (May 19, 1970). 3 pp.

Engle, Edgar W., and Goodfellow, Robert D., Jr. (to Kennameta1 Inc.), "Rotary
cone bit retained by captive keeper ring," U.S. Pat. 3,519,309 (July 7,1970).
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Elders, GeraldW., "Bit and block assembly,"U.S. Pat. 3,554,605 (Jan. 12,
1971). 4 pp.

Davis, Charles s. (to Carmet Company), "Cutter bit and block," U.S. Pat.
3,575,467 (Apr. 20, 1971). 3 pp.
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means for mounting them," U.S. Pat. 3,622,206 (Nov. 23, 1971). 13 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Mounting means
for cutter bits," U. S. Pat. 3,627,381 (Dec. 14, 1971). 5 pp.

Kniff, Thomas J. (to Kennametal Inc.), ''pick type mining bit and support block
therefor," U.S. Pat. 3,650,565 (Mar. 21, 1972). 3 pp.

Elders, Gerald W., "Bit and block assembly," U.S. Pat. 3,652,130 (Mar. 28,
1972). 4 pp.
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Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Mounting means
for cutter bits," U.S. Pat. 3,695,726 (Oct. 3,1972). 6 pp.

Krekeler, Claude B. (to The Cincinnati Mine Machinery Co.), "Resilient mounting
for cutting tools of mining machines and the like," U.S. Pat. 3,697,137
(Oct. 10, 1972). 14 pp.

Falk, Willi, "Insert for cutting tool," U.S. Pat. 3,707,747 (Jan. 2, 1973).
5 pp.
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APPENDIX D

EXAMPLES OF WEAR PATTERNS AND FAILURES
OF CONTINUOUS MINER BITS
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4.

3.2.1.

1.

Figure 0-2. Examples of Wear Patterns of

Plumb Bob Bits from Company K, Mine 18

1. Normal Wear Pattern

2, 3, 4. Wear Resulting from Non-rotation of Bits.

3. Plumb Bob Bit Contributed by Joy Manufacturing Co. Showing
Metal Washed Away from Around Carbide Tip.

2. Plumb Bob Bit from Company BB, Mine 46, Showing a Good Wear
Pattern.

1. Bullet Bit from\Company G, Mine 14, Showing Carbide Failure.

Figure 0-1. Examples of Wear Patterns of Point Attack Bits
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5.

2.

6.
3·
7.

4.

8.

This page is reproduced at the ~
back of the report by a different i
reproduction method to provide'
better detail. I

Figure 0-3. Examples of Wear Patterns of Continuous Miner

Bits from Company 0, Mines 27, 28, 29, and 30

1. Plumb Bob Bit Showing Normal Wear Pattern for Long Production
Cycle.

2. New Rectangular Shank Cutter Bit.

3. Rectangular Shank Cutter Bit Showing Carbide Failure.

4. Rectangular Shank Cutter Bit That Has Been Resharpened.

5. Plumb Bob Bit Showing Carbide Failure.

6. New Plumb Bob Bit.

7. Plumb Bob Bit Showing Nonnal Wear Pattern with Failure of
Shank.

8. Plumb Bob Bit Showing Wear Due to Non-rotation.



2. Normal Wear Pattern.
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This page is reproduced at the
back of the report by a different ,

,reproduction method to provide
better detail.

1.

Figure 0-4. Wear Patterns of Plumb

Bob Bits from Company M, Mine 22

3. Shear Failure of Carbide Tip.

1. Carbide Tip Forced out of No~al Position.
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1. 2.

6.
3·
7.

4.

8.

5.

Figure 0-5. Examples of Wear Patterns of Continuous

Miner Bits from Company C, Mines 5, 6, 7, and 8

1. Wear Pattern of Bullet Bit from Non-rotation.

2. Wear Pattern of Plumb Bob from Non-rotation.

3. Shear Failure of Shank of Rectangular Shank cutter Bit.

4. Shear Failure of Carbide Tip of Rectangular Shank Cutter
Bit.

5. Normal Wear Pattern of Resharpened Rectangular Shank Cutter
Bit.

6. Wear Pattern of Plumb Bob from Non-rotation.

7. Normal Wear Pattern of a Plumb Bob Bit Used after Carbide
Tip Had Worn Away.

8. Shear Failure of Carbide Tip of Bullet Bit.

This page is reproduced at the
back of the report by a different
reproduction method to provide
better detail.
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Figure 0-6. Wear Patterns of Bullet Bits

1. Normal Tip Wear Pattern with Bending Failure of Bit from
Company E, Mine 11.

This page is reproduced at the
back of the report by a different
reproduction method to provide
better detail.

2. Wear Pattern Due to Non-rotation and Bending Failure of
Shank from Company E, Mine 11.

3, 4. Normal Wear Patterns of All-Steel Bits, Boron Coated,
Supplied by Advanced Atlantic Metals.
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2022P28

1­

3. 4. 5. 6.
2.

Figure 0-7. Wear Patterns of Continuous

Miner Bits from Company E, Mine 10

1. Normal Wear Pattern of a Bullet Bit.

2. Wear Pattern of a Bullet Bit due to Non-rotation.

3. Shear Failure of the Bit Body of a Rectangular Shank Cutter
Bit.

4. Shear Failure of the Bit Body of a Rectangular Shank Cutter
Bit.

5. Normal Wear Pattern of a Rectangular Shank Cutter Bit.

6. Shear Failure of the Carbide Tip of a Bullet Bit.

7. Normal Wear Pattern of a Bullet Bit.

This page is reproduced at the
back of the report by a different
reproduction method to provide
better detail.
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2. Wear Pattern from Poor Rotation.

1. Normal Wear Pattern.

Figure 0-8. Wear Patterns of Plumb Bob
Bits from Company R, Mines 31 and 32

3. Wear Pattern from Non-rotation and Shear Failure of Carbide
Tip.

4.

This page is reproduced at the
back of the report by a difler~nt
reproduction method to proVIde
better detail__ ...
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4. New Bit Shown for Comparison.
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1. 2. 3. 4.

Figure 0-9. Wear Patterns of Rectangular Shank Cutter Bits

1. Shear Failure of Bit Body of Bit from Company F, Mine 13.

2. Shear Failure of Carbide Tip with Subsequent Metal Errosion
of Bit from Company F, Mine 13.

3. Shear Failure of Carbide Tip of Bit from Company D, Mine 9.

4. Normal Wear Pattern. . This page is reproduced at the
back of the report by a different
reproduction method to provide
better detail.
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'This page is reproduced at the,
back of the report by a differ~nt
reproduction method to proVIde
better detail.

Nor.mal Wear Pattern but with Shear Failure of Tip.

Failure of Bit Body and Shear Failure of Tip.

Wear Pattern from Non-rotation.

Shear Failure of Bit Body.

Figure 0-10. Wear Patterns of Plumb Bob

Bits from Company E, Mine 11

1.

2.

3·

4.
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2022P32

1. 2. 3. 4. 5.

Figure 0-11. Wear Patterns of Plumb Bob Bits

from Company N, Mine 24

10 New Bit Shown for Comparison.

2. Wear Pattern due to Poor Rotation.

3. Wear Pattern due to Non-rotation.

4. Used Bit after Regrinding.

5. Normal Wear Pattern before Regrinding.

This page is reproduced at the
back of the report by a different
reproduction method to provide
better detail.
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4.3.2.1.

Figure 0-12. Wear Patterns of Plumb Bob Bits
from Company CC

2. Shear Failure of Carbide Tip.

3. Normal Wear Pattern but with Shear Failure of Carbide Tip.

4. Wear Pattern due to Non- rotation. This page is reproduced at the
back of the report by a different
reproduction method to provide
better detail.

1. Shear Failure of Carbide Tip with Resultant Errosion of
Metal.
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2022P34

Figure 0-13. Normal Wear Pattern of a Plumb

Bob Bit Showing Very Loose Fit in Bit Block

from Company BB, Mine 46

: This page is reproduced at the!
. back of the report by a different I

reproduction method to provide-I
better detail.
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APPENDIX E

UNIT PRICES OF REPRESENTATIVE BIT STYLES
PRODUCED BY EACH BIT MANUFACTURER INTERVIEWED
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Figure E-2. Unit Prices of Representative Point Attack Bits
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(Continued from Figure E-O
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Note: Price may vary slightly with style of carbide tip
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Figure E-3. Unit Prices of Representative Cutter Bits

Produced by Kennametal

U15PS
1-99: $1.51

100-499: 1.36
500: 1.22

-L .
1/2" _ ( [; =r:::=.

t 1--3-7/B"--l

1"~1 0 W

5/8,,1-( ~

T ~3-7/B"~

1-1/B~ ~ r1:J
f /L-W

U31S
1-99: $1.66

100-499: 1.49
500: 1.34

1/2"-..1- (::l (.
. T 1--3-7/B"==j

1"L-
1

0 -s-rJ
f cd

U7P
1-99: $1.43

100-499: 1.29
500: 1.16

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

l



- -
E-6.

CC-49
30-270: $1.18

300: 1.07

3-E16"CC-48 __

50-450: $1.18 --
500: 1.07

~ ~
3/4"

~ CC-44

45-405: $1.10
450: .99

CC-43

50-450: $1.18
500: 1.07

T7,\~
4-3/8" CC-40

l 30-270: $1.42
300: 1.28

--1 1" ~

Bituminous Coal Research, Inc. 2022G26

Figure E-4. Unit Prices of Representative Point Attack Bits
Produced by Carboloy
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Figure E-6. Unit Prices of Representative Point Attack Bits
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Figure E-7. Unit Prices of Representative Cutter Bits
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Figure E-8. Unit Prices of Representative Cutter Bits

Produced by Carmet
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Figure E-9. Unit Prices of Representative Point

Attack Bits Produced by VRjWesson
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Figure E-10. Unit Prices of Representative

Cutter Bits Produced by VR/Wesson
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E-ll. Unit Prices of Representative Mining Bits Produced

by Cincinnati Mine Machine
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Figure E-13. Unit Prices of Representative Point Attack Bits

Produced by Austin Powder
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Figure E-14. Unit Prices of Representative Cutter Bits

Produced by Austin Powder



Figure E-15. Unit Prices of Representative Mining Bits

Produced by Bowdil
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Figure E-16. Unit Prices of Representative Point Attack
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APPENDIX F

PHOTOORAPHS OF SAMPLES OBTAINED FROM
THE VARIOUS BIT MANUFACI'URERS
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APPENDIX G

REPORT ON METALLURGICAL INVE3TIGATION OF BORONIZED BITS
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APPENDIX G

REPORl' ON METALLURGICAL INVESTIGATION OF BORONIZED BITS

I. INVESTIGATION OF A 1 IN. DIAMETER CONICAL BIT

A. General Examination

1. The surface showed a random, spotty, black adhering slag on por­
tions of the body and conical tip. This slag was soft - could be cut with
a razor, and was not very adherent - could be removed by wire brushing. No
significance was attributed to the slag except that it could be remnants of
the boronizing agents.

2. The surface of the cylindrical body of the tool was the as-rolled
bar stock surface, i. e ., no metal had been removed by machining the body.
This means that any decarburization present on the original bar stock is
still present on the tool, with resulting lower hardness and wear resistance.

3. The tool was spark tested on a high speed grinding wheel to obtain
a rough indication of composition. The results indicated a medium carbon
alloy steel containing molybdenum.

4. The tool was file tested using a standard Nicholson test file. The
results showed that the conical tip and the adjacent 1/8 in. of the body was
"file hard" (above Rockwell c65) while the body ,showed "medium bite" (below
Rockwell c60).

5. A sketch of the tool and test locations is shown in Figure G-l.

B. Chemical Analysis

The analysis was rWl at a point midway between the surface and the cen­
ter. Results were (percent)

C Mn P S Si Cr Mo Al Ni, V, W
Sample :40 :B3 .015 .028 .25 :E7 -:I8" .025 all Wlder .02

Range .38 ~ .80 .15
4140 :43 1.00 1.10 .25

The steel is ;identified as standard AISI 4140 steel and is fine-grain
aluminum killed.

C. Fracture Tests

Sections were cut from the tool as indicated in the sketch; but a por­
tion of each cut was left incomplete, so the sectioning could be completed

Preceding page blank ,
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by fracturing with a hammer blow. The fractured surfaces were refined but
coarser than expected for the grade and were rated Shepherd No.7. (No.9
is expected.)

The fracture through the conical tip showed the presence of a case and
the longitudinal fracture of the body showed that the case only extended
about 1/8 in. along the body from the tip.

All fractures showed prominent "lipping" at the surfaces where a case
was present. This type of fracture indicates some degree of ductility in the
case. Slight spalling of the case was noted in locations of bending but
there was no evidence of complete case spalling that occurs on many types of
cases. Figure G-2, at the 1-1/4 magnification, shows the appearance of one
of the lips.

D. Hardness Tests

Rockwell C. hardness tests were taken on all sections shown in the
sketch, plUS the transverse end of the shank. All results were in the range
of c48 to 50, except near the surface of the body where c45 to 47 was noted.
Hardness was also measured on the round body surface using a V-block anvil,
with erratic results varying from C37 to 44. Rockwell 15-N superficial hard­
ness was taken in the same location and showed 79 to 81 (equivalent to C37/41).

It was not possible to measure Rockwell hardness on the case because it
was too thin. (See case micro-hardness later)

E. Microscopic Examination

Samples were polished for examination at all locations of sections on
the sketch. The structure at all internal locations consisted of quenched
and tempered martensite that showed considerable grain coarsening. (Grain
coarsening usually results from either excessively high quenching tempera­
ture or a long holding time at the quenching temperature or both).

The structure at the surface of the round body showed partial decarbu­
rization to about 0.020 in. deep as a result of carryover from the original
bar stock. This finding accounts for the low hardness on the surface of the
body.

The structure of the case that was on the conical tip plus 1/8 in. of
the adjacent body was a typical boronized case that measured about 0.002 to
0.003 in. deep, as illustrated in Figure G-3, a photomicrograph at 100X
magnification using a nital etchant. The structure beneath the case con­
sists of tempered martensite that shows some evidence of coarse grain size.

To fUrther identif'y the case a sample was examined on an electron-beam
microprobe. This examination definitely identified a large concentration
of boron in the case, although quantitative measurement could not be made.

As a final check on the case, microhardness was taken with a diamond
pyramid at 50 gram load (Reichert). Average of three readings showed a hard­
ness of 1190, which is equivalent to about Rockwell C75, and in the same
range as sintered carbides.
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A. General Examination

1. No surface slag was visible on the bits.

B. Chemical Analysis

G-7.

Ni, V, W
all under .02
all under .02

Al
.028
.030

Mo
.17
.17

Cr
-:?J7
.85

Si
.27
.27

S
.025
.032

p
.016
.014

Mn
~
.81

C
Sample 2 :4l
Sample 3 .39

5. Sketches of the tools and test locations are shown in Figure G-4.

II. INVESTIGATION OF TWO 7/8 IN. DIAMETER CONICAL BITS

2. Both bits showed the as-rolled bar stock surface on the cylindrical
body and appeared to have been made from the same bar.

4. Both bits were file tested in many locations and appeared quite
similar to each other. Both bits showed "medium bite" (below Rockwell c6o)
at all locations; there was no "file hard" case on the conical tip or else­
where on these bits.

Samples from both pits were analyzed at midway locations with the fol­
lowing results: (percent)

3. Both bits were spark tested and appeared identical to each other,
but showed higher carbon and les s alloy than the 1 in. diameter bit.

It is surmised that the case was put on by a treatment with fused salt
during heating to the quenching temperature and that the tool was held at
this temperature for a considerable period of time beyond the usual time, in
order to develop a relatively deep case which was accompanied by some grain
coarsening of the martensite.

Generally, it was considered that the boronizing treatment had been
effectively done, as long as it was judged unnecessary to harden the cylin­
drical body surface.

The conical tip of the bit plus 1/8 in. of the body showed a hard
boronized case about 0.002 to 0.003 in. deep. In addition to characteristic
high hardness the case also exhibited some ductility.

F. Summary of Results on 1 in. Conical Bit

The bit was made of AISI 4140 steel and had been heat treated all over
by quenching and tempering to a hardness of Rockwell c48 to 50. The surface
of the body was softer than the interior hardness due to the presence of
decarburization on the surface of the original bar stock and not being re­
moved by machining.
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This steel is also AISI 4140 and in fact appears to be from the same
heat of steel as the 1 in. bit. (The false indication of composition on the
spark test was due to presence of a carburized case, as discussed later).

c. Fracture Tests

Fractures were made on both bits at locations marked in the sketch. All
fractures were uniformly fine (rated Shepherd No.9) and showed no 1I1ippingll
or other evidence that a case was present.

D. Hardness Tests

Rockwell C hardness tests were made on all sections indicated on the
sketch. Hardness was uniformly c49 to 50 at all internal locations except
that the hardness gradually increased to C53 just under the surface. (This
increase is an indication of a case and the absence of decarburization).
Hardness was also measured directly on the round body surface using a V-block
anvil and was quite erratic, varying from C41 to 52 in random manner. SUper­
ficial Rockwell 15-N readings on the round surface showed 87 to 88 (equivalent
to C53 to 55) and again indicate a case that is harder than the interior.

E. Microscopic Examination

Samples were polished for examination at the section locations shown in
the sketch. At all internal locations the structure consisted of fine grained
tempered martensite. This indicates that customary quenching temperature and
holding time were used (1550° F for one hour would be typical).

structures at the surface at all locations tested showed the presence of
a carburized case about 0.014 in. deep and spotty occurrence of a boronized
case that varied from 0 to 0.0004 in. deep. Figure G-5, a photomicrograph,
illustrates a typical location that shows the variation of boronized case
depth.

Note that the martensitic structure is fine grained. The carburized
case contains spheroidal carbides to a depth of about 0.004 in., where the
carbon level is estimated at about 1 percent. Thus, the original surface
decarburization on the surface of the bar stock has been not only neutral­
ized but replaced by excess carbon. The carburized case would increase the
wear resistance of the bits somewhat, until worn away.

The spotty boronized case was present on the tips and body of the bits
to within 1/4 in. of the retainer groove. The carburized case was present
over the entire surface of the two bits.

A sample of one of the bits was examined on the electron-beam microprobe
to confirm that the white appearing areas of the case were actually boronized
and boron was positively identified. The boronized case was too shallow to
permit taking micro-hardness.
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F. Summary of Results on Two 7/8 in. Bits.

The bits were made of AISI 4140 steel and had been heat treated by
quenching and tempering to a hardness of Rockwell c49 to 50. The surface
of the bits contained a carburized case 0.014 in. deep, allover, plus a
spotty boronized case from 0 to 0.0004 in. deep on the tip and body to within
1/4 in. of the retainer groove.

The hardness of the carburized case ranged from the internal hardness
up to Rockwell C55 and its presence eliminated the disadvantage of the
original decarburization present on the bar stock surface.

The boronized case was too shallow to permit hardness tests and was so
shallow that nowhere were the bit surfaces "file hard."

It is surmised that the carburized case was put on by providing a car­
burizing atmosphere during normal heating for the quench and that the boronized
case was put on by applYing a salt to the bits on the tip and the body to a
point just short of the retainer groove during this same heating period.

Generally, it was considered that the boronizing treatment was ineffec­
tively done because of insufficient time at temperature. The carburized case
was effective and properly done but could not be expected to provide wear
resistance approaching that obtained from inserted carbide tipped tools.

III. EVALUATION OF TEST RESULTS ON BITS NO.1, 2, .AND 3

1. All three conical bits, intended for use with a hard boronized
case, were made of AISI 4140 steel heat treated to a hardness of about,Rock­
well C50. In the absence of any reliable data regarding the failure mode of
this type of bit, the grade of steel ana hardness appear satisfactory.

2. The 1 in. diameter bit had an adequate boronized case on the conical
tip plus 1/8 in. of the adjacent body. If it is known that wear on the cylin­
drical body is of no concern, then this type of boronized bit appears suitable
for use in service to develop service life data. If severe wear is known to
occur in the body location, then the boronized case should also be applied on
the body on bits used for service life data.

3. The two 7/8 in. diameter bits had a shallow, spotty boronized case
that did not show high surface hardness even in a file test. The use of
bits, made in the same manner as these two, for development of service data
on boronized bits does not appear warranted since an adequate boronized case
was not present.

4. The two 7/8 in. bits had higher hardness on the cylindrical body
surface than the 1 in. bit because of a carburized case and would be ex­
pected to show better wear resistance at this location than the 1 in. bit
(which actually had a loss of surface hardness on the body due to decar­
burization). However, the lack of a good boronized case would make it il­
logical to test this type of bit against carbide tipped bits.
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"IV. ESTIMATE OF SERVICE POTENTIAL OF BORONIZED BITS
COMPARED TO CARBIDE TIPPED BITS

The best boronized steel bit offers little hope of equalling the perform­
ance of carbide inserted tools, assuming that the latter are properly made
and used.

This statement is not intended to deprecate the boronizing process but
is based on the fact that the process applies a thin (0.002 to 0.003 in.)
layer of a hard material that has hardness in the same order as sintered car­
bides. Once this thin layer is worn off, the remaining wear resistance is
essentially that of steel. In comparison, a carbide inserted tip still has
considerable wear potential after a few thousandths of an inch are worn from
the surface, assuming the carbide bit does not break early in its service
life.

v. PBELIMINARY RECOMMENDATIONS

In spite of the rather pessimistic view expressed above about boronized
bits, it is recommended that a controlled service test be set up, that would
provide an unbiased evaluation of their merits and possibly at the same time
provide usefUl data about the life of carbide inserted bits. This recommen­
dation is made because prediction of performance of tools in wear applications
is notoriously inaccurate. Essentially, a controlled service test would
involve the use of a number of identical bits of the two types of tools to
be compared, in the same cutter; duplicate tools of each type would be
removed from service after preselected intervals such as 1, 2, 4, 8, and
16 hours and examination of these tools w~d enable observations and mea­
surements regarding wear and mode of failure or deterioration.

This type of data cannot usually be obtained when the tools are used
to destruction in an uncontrolled test, since secondary failures obscure
much of the inf'ormation.
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VI. INVESTIGATION OF A 7/8 IN. DIAMETER CONICAL BIT (No.4)

A. General Examination

1. A boron coated, all steel bit, supplied by a different source than
bits 1, 2, and 3 was submitted for analysis. The bit was coded No.4 to
distinguish from bits previously investigated. A comparison bit of the same
type and from the same source as bits 1, 2, and 3 was submitted to check
sparking; this bit was coded as No.5.

2. Bit No. 4 showed a uniform gray matte appearance in contrast to the
black and gray mottled surface of bit No.5. The surface finish of No.4
may reflect its processing in contact with salt or the finish could have been
put on by Illiquid honing. II In either case no significance is attached to the
surface finish.

3. Both bits showed the cylindrical surface to be constituted of the
original bar stock surface. This is not good practice since decarburization
on the bar stock is carried over into the finished tool. Good practice
requires machining of the body surface which, of course, requires a larger
size of bar stock to be used.

4. Both bits were spark tested on a 3600 rpm 7 in. oxide grinding
wheel to examine the non-sparking characteristic claimed for the boron coating
treatment and to identify the steel grade. The results showed that the light­
est possible touch produced brilliant sparking as soon as the bit contacted
the wheel. The sparks from both bits indicated a medium carbon alloy steel
containing molybdenum. Bit No. 5 showed evidence of higher carbon near the
surface compared to internal locations, indicating a carburizing treatment in
addition to the boronizing.

5. Both tools were file tested using a standard Nicholson test file.
Neither of the bits was "file hard ll at any location. Bit No.4 was hardest
on the conical tip surface and the machined retainer groove surface and showed
"light bite. II The body surface of both bits could be readily filed. This
does not represent a good wear resisting surface.

B. Sketch of Bit and Test Locations (No.4)

A sketch of the bit and test locations is shown in Figure G-6.

C. Chemical Analysis

Analysis was not run on these tools. The results of spark testing are
adequate for this investigation, since composition is not critical in the
evaluation of the boronizing treatment.
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D. Fracture Tests

Sections were cut from Bit No. 4 where shown in the sketch with portions
left uncut so that fracturing with a hannner blow would complete the sectioning.
The fractures were uniformly fine and were rated Shepherd No.9, indicating an
effective quench. One fracture on the body showed a slight "lip" but otherwise
there was no evidence of a case.

E. Hardness Tests

Rockwell C hardness tests were made on all sections shown in the sketch
and on the cylindrical body surface. At all locations the internal hardness
was uniform and within the range C51 to 53. Readings on the surface were
erratic with random variations from C41 to 57 and reflect the non-uniformity
of the original bar stock surface. The boronized case was too shallow for
hardness testing.

F. Microscopic Examination

Specimens were polished from the section locations shown in the sketch and
a longitudinal section through the tip was also prepared. At all internal
locations the structure consisted of fine grained tempered martensite that in­
dicates effective heat treatment using normal temperatures and times.

A shallow boronized case was present on all exterior surfaces of the bit.
The case was most uniform on the conical tip and the machined retainer groove
surfaces and typical appearance of the case is shown in the photomicrograph,
FigureG-7at 100X as it appeared on the apex of the tip. The case was accurate­
ly measured at several spots and averages .0008 in. deep. The case on the round
body was erratic, varying from .0008 in. to about .0002 in. and this fact is
consistent with the finding of variable hardness on the body. There was no
decarburization or carburization visible at the as-rolled surfaces (but this
condition is not always visible in the heat treated condition).

G. Check Testing of Bit No.5

The comparison bit No. 5 was tested by cutting and fracturing a section
1/2 in. from the tip. The tip was cut longitudinally for polishing a micro­
section to compare with bit No.4. The results were:

1. Fracture - fine grained, no "lip" or case visible.

2. Hardness - on cylindrical surface of body hardness was Rockwell
c47 to 58 varying in a random manner.

3. Microstructure - fine grained, boronized case depth on tip is about
.0005 in. and a carburized case about .015 in. deep was seen.

4. Summary of Results on Bit No. 5 - all tests results were identical
to those reported on January 19, 1973 for Bits No. 2 and No.3, and it appears
that bit No. 5 was from the same lot.
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G-15.

H. Summary of Results on Bit No.4

The No. 4 bit had been heat treated all over to a hardness of Rockwell
C5l to 53 and had been given a boronizing case treatment all over. The case
depth was quite shallow, averaging .0008 in., and this depth was not enough
to produce a "file hard" surface. The case on the body was erratic in hard­
ness and depth as a result of the variation of the as-rolled bar stock surface
present.

The bit sparked readily when touched to a grinding wheel which indicates
that, if the boronized case is actually non-sparking, the case depth was too
shallow to show it.

I. Evaluation of Test Results for Bits No. 4 and No.5

The boronized case on bit No. 4 was too shallow, in view of the fact
that it was not "file hard," and the service testing of this type of bit
would not adequately evaluate the potential merits of boronizing treatment.
The same judgement applies to bits No.2, No.3, No.4, and No.5.

J. Recommendations

It is recommended that boronized bits conform to the following require­
ments:

1. Bits should have a m~n~um boronized case of 2 mils (.002 in.) as
measured by microscope after nital etch.

2. The working surfaces of the bits must be "file hard."

3. The working surfaces must be machined all over before heat treat­
ment to remove as-rolled bar stock surface.

K. Estimate of Service Life of Boronized vs Carbide-tip Bits

1. It is estimated that carbide-tip bits would outwear boronized bits
made like No.4 or No.5 by 5 to 10 times; and, therefore, it is not worth­
while service testing bits of this type.

2. It is possible that carbide-tip bits would outwear boronized bits
made to specification J above by several times. However, the subject of wear
resistance is so complex that it would be worth service testing bits with an
adequate boronized case to be sure that something good is not overlooked.

3. Even more productive would be a controlled test program on carbide
tip bits, since so little factual knowledge exists in this area there is a
good probability of significant improvement.




