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FOREWORD

This report was prepared by Ingersoll-Rand Research, Inc.
under USBM Contract Number HO272028. The contract was initiated
under the Coal Mine Health and Safety Program. It was
administered under the technical direction of Spokane Mining
Research Center with Mr. John Owens acting as Technical Project
officer. Mr. Bill Case was the contract administrator for the
Bureau of Mines. This report is a summary of the work completed
as a part of this contract during the period October 1977 to
September 1978. This report was submitted by the authors on
September 1, 1978 and contains no patentable information.
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1.0 FIELD INVESTIGATION

1.1 Introduction

The study of coal mine roof bolter components was to be
undertaken by using bolter manufacturers as the primary source of
information regarding current, operating roof bolting eguipment.
Two factors mitigated against this approach. First,
manufacturers were reluctant, in general, to cooperate with the
study. Even basic sales information was withheld by all
manufacturers except Fletcher. Secondly, the information that
was avallable (in the form of sales brochures) was inadequate for
a proper component evaluation.

Accordingly, it was determined that the most useful
information would be obtained by actually investigating roof
bolter usage and production problems in the field, including the
observation of selected equipment at the working face 2f the
mine. The field operating groups of the Lee-Norse Company
recommended locations for such on-site inspections which were
well distributed throughout the major underground coal producing
regions of the country. The visits were arranged to make use of
this distribution, permitting the review of a broad range of
mining conditions that would not otherwise be possible by
concentrating on a narrower geographical band.

An important benefit to this field equipment investigation
was the direct input received from the mine personnel regarding
relative bolter performance and the relative benefits of one
component over another. Suggestions for possible improvements to
their current, available equipment, both for the short term and
the long term, were solicited. The influence of the inputs so
received will become apparent in the discussions of the new
bolter concepts that follow.

A data bank was established from multiple sources which
included 83 mines and well over 300 working sections. The mine
personnel interviewed included bolter operators (working at the
face), foremen, maintenance personnel, purchasing managers, mine
superintendents and vice presidents. Obviously, the opinions and
needs of such a variety of skills will not result in the drawing
of the same conclusions. However, the body of information
presented herein when taken as a whole represents a balance of
these sometimes conflicting opinions.
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The next section provides a summary of these meetings
including our field observations and the input of the mine
personnel. For the purposes of assuring consistent background
information on those mines visited and not burdening those who
were interviewed, the Keystone coal industry manual was used
wherever possible. The Lee-Norse Company field personnel,
because of their thorough knowledge of the mining conditions and
equipment problems of their customers, also pr0V1ded invaluable
assistance in the accumunlation of the field input.

1.2 Summary

At the outset of the field investigation phase it was
intended to cover as broad a range of mining conditions as
possible. Selections were to be based on such variables as
geography, seam thickness, ground stability and geology, bolter
population, seam pitch and mine size. These factors, along with
the individual variations in mining conditions, influence the
purchase, overall performance and reliability of a given roof
bolter.

Six mines were visited in the Western United States. They
were in Utah, Colorado and New Mexico. As a group,they all
exhibited thick seams of coal (up to 24 feet) with the tendency
(except for one) toward steeply pitching seams, Typically, the
ground pressures mandated securing the ribs as well as the roof
in seams thicker than 6 feet, Such conditions require a bolter
which can bolt the rib, can reach a 10 to 12 feet working height
easily (drill string extensions are susceptible to buckling under
relatively light loads) and which has good traction during both
drilling and tramming in the steep and often wet bottom
conditions. The increase in working height allows a fairly
liberal use of mast-type drill mechanisms. However, the tendency
to fill all of the available entry space with a piece of bolting
equipment, simply because the space exists theoretically, should
be avoided. Frequently, poor housekeeping in the high seam mine
creates difficult maneuvering conditions. Sloughed coal which is
left behind to help stabilize the ribs makes entries effectively
narrower than the original driven widths. Dips and rolls in the
coal seam itself, as well as the variations in cut made by the
continuous miner, cause tram interference problems. These
problems are intensified with bolters that are very long and have
bulky components located too close to the front or rear of the
machine. 1In spite of these problems western mines generally
favor the larger bolters, which include additional features such

11



as sumping drills, temporary roof support for more than one bolt
site and sometimes angle and rib bolting ability.

The evolution of the bolting machine in the Eastern
coalfields has followed very traditional lines, The early
bolters incorporated a single Manson-type boom mounted on a very
small, sturdy chassis. They were capable of rapid bolt
installation due, at least in part, to their inherent high
maneuverability. The boom and overall chassis arrangement
allowed for a very low collapsed machine height without sacrifice
in drill pot feed stroke, making them very adaptable to low seams
while maintaining flexibility with respect to seam height.

With the advent of the Coal Mine Health and Safety Act of
1969 and subsequent regulation, several changes began toc occur.
With two men now required to operate a bolter, the market was
open for a twin boom machine. The ensuing upsizing, along with
the addition of safety hardware to meet the new regquirements,
added bulk and complexity to bolting machinery with no increase
in productivity. 1In fact, productive time was reduced because of
decreased machine reliability. Productive time, theoretically
doubled with two producing operators, was rarely better than 150%
of a comparable single boom bolter's production.

Reliability and performance comparisons were provided by mine
operators who utilize both twin and single boom machines. They
frequently cited similar production capabilities between single
and twin boom bolters, with the twin offering a slight advantage
in productivity. It should be noted that when a third man is
added to a twin boom bolter crew, production can approach twice
that of a single boom bolter. The explanation for this
improvement is as follows. A roof bolting operation reguires
more than drill pot operation during the production cycle.
Service and supply functions such as maintaining bit, steel and
bolt inventories, assembling bolts, changing bits and setting
temporary jacks subtract a large fraction of an operatorts
productive time when a helper is not available.

The conclusion drawn from this review of the evolution of
bolting machinery from small, efficient single boom units too
bulky, difficult to maneuver, highly accessorized twin boom
concepts is that a whole new approach must be taken when
designing bolting egquipment. Consideration must be given to
integrating health and safety features with the necessary
performance parameters in such a way as to maximize safety and
reliability without sacrificing productivity.

12



1.3 Background Mine Data

The summary information given in Table 1 documents the range
of mining conditions encountered during the field investigation
phase. 30 specific mining groups are documented. Each group
represents a mining company operating one or more mines. The
Table lists the number of mines operated by each mining group and
the total number of working sections in the mine group. The
numbers tabulated under mining plans and longwall indicate the
number of sections using a particular mining method. The seam
descriptive entries refer to the total number of working sections
in the mining group. Multiple entries at a single matrix mode
indicate the data breaks down into two or more significant
groups. In mine group 8 under average seam thickness, multiple
entries: 15 x 3', 15 x 6', indicate 15 mines have 3 foot seam
thickness and 15 mines have 6 foot seam thickness. In mine group
11 under roof stability scale multiple entries: 3 x 5, 1 x 1,
indicate 3 mines feature No. 5 roof stability (self supporting
roof) and 1 mine has No. 1 roof stability (very bad top). The
information on bolter population refers to the actual bolters
used in all working sections of the specified mine group. 1In
order to formulate a statistical, but not entirely rigorous, body
of results from which to draw conclusions, fundamental
descriptive parameters were considered.

0f the readily available information, the total number of
working sections in a mine or group of mines was considered to be
the most useful piece of data to describe mine size. Although
coal production might be a more accurate description of size for
many applications, no variable other than number of working
section relates as closely to the amount of capital equipment
{bolters) to be found in a mine. Therefore, when discussing any
type of weighted average, or similar quantity it should be
assumed that weight will be given to a dependent parameter by the
numbexr of working sections or number of roof bolters associated
with that parameter. However, the relatively small sample of
mines presented does not always allow the statistical results to
be taken at face value., Rather, it is important to consider much
of the information within the context from which it was received,

seam thicknesses for all the working sections visited varied
between 2.5 feet and 24 feet with an average thickness about 5.4
feet. The average seam thickness in which single boom bolters
were used was 4.8 feet and for twin boom bolters it was 6.8 feet.
Most of the 338 working sections utilized a room and pillar
mining plan with continuous miners (88.5%). Other methods
included conventionally cut-and-blast, room and pillar mining
(5%) and longwall mining (6.5%). Most of the room and pillar

i3
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Colum

Mining Plans

Roof Stability

Tram Difficulty

Mine Bolter Capabilities

Abbreviations

Table 1A

Data Bank Key

Notation

R&P

QONV

15

Meanin

With pillar extraction
Under development

With rib bolting
Self supporting roof

Good Top - Short bolts
are used

Average Top — Resin
bolts freguently used
as a control aid

Poor Top ~ Roof beams
and cother supplementary
support required

Very Bad Top - Continucus
miner advance is freguently
limited by instability.

No difficulty

Tram slips or mires

Insufficient grownd
clearance

Insufficient tram power

No special capabilities
Drill head rollover for
rib drilling

Straight row drilling

with no chassis movement
of twin hoom belter

Drill head sump capability
of 2 rows or more

Single boom bolters only
at this mine

Room & Pillar

Continuous Miner

Conventicnal Mining
(Drill, Blast, Load)



mining include some removal of pillars upon retreat (88%). It is
interesting to note that over one third of the mine groups
visited operate at least one longwall section. The room and
pillar work done at these mines then, is in part used for
longwall development.

Roof pinning rarely varied from a standard bolt pattern of
four bolts across an entry with a four foot spacing and with rows
separated by four feet. Sometimes, especially in wider entries,
a fifth bolt would be installed to comply with local regulations,
requiring bolts within two feet of the rib. In this case, the
bolt pattern would shift accordingly.

Oother bolt patterns wexre seldom found because they usually
required approval by the appropriate state and MSHA regulation
authorities. Truss bolting was mentioned rarely although one
mine reported that truss installation made one previously
unminable section safe for production.

Bolt type and length was found to be a major variable.
Mechanical expansion anchor or resin grouted bolts with lengths
varying between 2 feet and 10 feet were encountered. The 83
mines continue to use mechanical bolts (90%) although only a
small number (21%) use such bolts exclusively. This point is
indicative of the growing use of resin bolts because of their
improved roof control characteristics. Many mines used resin
bolting in their more difficult applications, reverting back to
mechanical bolts in better conditions because of the lower cost.
For economic reasons only 10% of the mines investigated had roof
stability problems sufficient to justify exclusive use of resin
bolting.

Rib bolting, necessary for rib stability at certain levels of
ground pressure, was performed in 10% of all the mines. WNo
occurrences of rib bolting were observed in seam thicknesses less
than 6 feet., However, of those mines with seam thicknesses in
excess of 6 feet, more than 30% did secure the ribs.

The most common geolocical roof formations found in the mines
was a thin bed (typically 3 feet - 10 feet) of shale underlying a
thicker bed of sandstone. The stability of this type of roof
varied widely, depending primarily upon the degree of
consolidation in the sandstone and shale and upon the uniformity
of the laminations in the shale. Typically, bolts were anchored
in the sandstone if the shale bed was weak and not excessively
thick. Three other formations less commonly observed were: 1.

16



slate and shale, 2. solid sandstone, and 3. solid limestone
{(mostly in the Yllinois beds). Some mine roofs contained
sporadic formations of pyrites and other hard materials (notably
the Y"Dinosaur Tracks" of the West) which required modifications
to the drilling apparatus to achieve drill penetration.

About half (54%) of the mines reported roof conditions that
could be classified as typical. These mines experienced a small
frequency of roof falls, with some sections where roof stability
was obviously improved by the use of resin bolts. About 19%
reported good roof stability where roof control was typically
limited to the use of short mechanical bolts. Only 3% indicated
an essentially self-supporting roof requiring bolting only to
comply with law. Evidence of this situation was seen in the
short length and wide spacing of the bolts used.

Poor roof stability was indicated by 24% of the mines. This
condition was demonstrated by the extra roof support that was
required to support the opening. Some of the extra support
included long resin bolts, wooden or steel beams, wire mesh and
cribbing. (Although beams and extra support were seen freguently
in places where extended life was expected, e.g., mains,
production sections usually kept roof support hardware to a
minimam) . 11% of the mines indicated that poor roof stability
reduced the advance of the continuous miner (Normally 18 to 20
feet) to as little as 4§ feet., 1In these cases the productivity of
the section was obviously hampered directly by the roof
conriditions due to the time lost to extra place changing.

1.4 Eguipment Review

Analysis of our data indicates a relationship between the
working seam height and the preference for single boom versus
dual boom bolters. See Figure 1. Notice the definite trend for
low seam mines to favor single boom bolters while high seam mines
favor dual boom bolters. The crossover point for our data sample
was between 5' and 6'. That is, mines in the 5'-6' range used
equal numbers of single and dual bolters. Above 6' there was a
mild preference for dual boom bolters over single boom bolters.
Below U4' there was a strong bias for single boom bolters. The
average bolting height for single boom bolters was 8.7'. The
average bolting height for dual boom bolters was 6.9'. The ratio
of single to dual boom bolters in the sample was 2.44 to 1.00.

Oon Figure 1 there are various fractions indicating either a ratio

17
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off the range of the graph or seam heights in which our small
sample failed to find use of both single and dual boom bolters.

The fraction 0/8 which occurs at the 7 foot seam thickness
indicates our sample included zero (0) single boom bolters and
eight (8) dual boom bolters used at 7' average seam height.

These cases are shown on the graph for the sake of complete
representation of data. However, we would expect a larger sample
to include both dual and single usage and approach the plotted
line through data points including both dual and single bolters.

An important performance parameter which is independent of
the actual drill and bolt cycle is the ability of a bolter to
tram and maneuver efficiently. A reduction in the time rejguired
to tram to position will obviously increase the time available
for drilling and bolting.

The tramming problems most commonly associated with lost
production time were generally confined to poor traction in wet
or steeply pitching seams and chassis bottoming out on muck piles
and other debris. Very few of the operators expressed a lack of
tram power or speed. In most cases, existing torgue is more than
adequate. However, in the survey approximately 20% of the 83
mines complained of poor traction. All but one of these mines
indicated typical seam pitches in excess of 8% or 4-1/2 degrees.
All but two mentioned that water was present in quantities that
considerably softened the fireclay floor, creating further
traction difficulties.

25% indicated that ground clearance and chassis bottoming
presented a recurring tram problem. Bottoming frequently can be
alleviated by chamfering the chassis extremities. However, )
ground clearance generally must be sacrificed when designing a
low profile bolter., Solutions to this problem can be made in the
field by changing tire diameters, however, no good solution
exists for easily changing the chassis height in the field. 1
good solution to this problem would allow the operator to guickly
adapt his equipment to seam conditions by increasing (or
decreasing) the drill pot reach as well as ground clearance,
allowing greater flexibility under varying conditions.

Another performance-related parameter affecting machine
availability is downtime. While increased complexity, which
exposes more moving parts with closer tolerances to the harsh
mine environment, will add to downtime, fundamental drill
components are alsc very susceptible to this environment. Table
2 lists the most commonly cited reliability areas.
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Almost half (46%) of the 30 mine group representatives
reported short drill-pot life as the most freguent source of
downtime. ' This difficulty is understandable when the drill pot
function and location are considered. The high loads from
thousands of pounds of thrust and hundreds of pound-feet of
torque, coupled with lubricant contamination (particularly rock
dust) , materially reduce component life. One mine, drilling with
a wet head arrangement, reported that drill boxes had to be
replaced every three weeks.

Other malfunctions were mentioned as common occurences
according to the following weighted percentages of the 30 mine
groups:

Hydraulic System - 38%
Electric Trailing Cable - 31%

Dust Collection System - 23%

The hydraulic system of a bolter, necessarily extensive and
complicated, will naturally be a source of frequent breakdowns if
regular maintenance is not conducted. Unfortunately, this is
often the case. Without a regular maintenance schedule, the
intervals between filter changes and topping of the reservoirs
become excessively long, allowing contaminated 0il to circulate
through the system. Even the filling of reservoirs introduces
contaminants from the mine environment because many manufacturers
do not provide filters at the £ill ports.

Upon replacement of a given hydraulic component, another
prcblem may arise. The hydraulic-line system, which links the
components, is often a complex array of hose bundles.
Reconnecting hoses correctly can be a problem (color coding would
help) . Compounding this problem is the fact that hoses are often
rerouted in a manner such as to increase their vulnerability to
pirching or snagging on moving parts. This situation further
reduces machine reliability. Finally, the hose connections
themselves have limited reliability after freguent reassembly
operations.

The electric power cable, very vulnerable to breakage when
trammed over, must be carefully tensioned at all times to prevent
the wvehicle from traversing its own power supply cable.
Tensioning devices in many cable reels were observed to have no
provision for maintaining proper tension when the vehicle is shut

21



down. Accordingly, subsequent start-up would not always remove
the slack generated by the shutdown, increasing the likelihood of
damage to the cable,

standard industry dust collection systems were often reported
to have difficulty in maintaining the necessary flow through the
drill string to prevent clogging of the steels. This problem
becomes acute in the presence of water, either present in the
roof or generated by a wet head drill system. Frequent
maintenance of the dust collection system then becomes necessary.

Other less commonly reported reliability problems centered on
such items as electric motors, tram motors and drive trains,
electrical switching, tires, heavy duty pin joints (at
articulation points) and canopies. It should be noted that many
canopy problems were associated with mine retrofit work which
resulted in inadequate designs executed merely to comply with the
law.

1.5 Eguipment Variations and Optional Features

Probing more deeply into the question of equipment
preferences by mine personnel, discussions were encouraged on the
subject of bolter features; that is, equipment wvariations which
should or should not be included in the overall design., Table 3
documents the opinions of mine personnel regarding the features
which their equipment currently offers.

The most commonly reported desirable feature was one which
would supplement or replace the normal rotary thrust drilling
scheme. 35% of those responding said that in order to
economically penetrate their hard roof, either a water cooled bit
or percussive drill head was necessary.

Although not component features, the mobility and simplicity
of a machine were again emphasized as desirable charactersitics.
Bolters which were equipped with a deep chuck drill steel
retainer performed well in guiding the drill steel and ensuring
perpendicular feed. Bolters equipped with large area, temporary
roof support systems were considered to help the production cycle
by increasing the safety and, therefore, confidence of the
operators.
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Other desirable features mentioned less frequently included:
boom sump, (which allows a bolter to drill a straight row of
holes or more than one row without repositioning the chassis),
multi-stage cyclone dust collection systems (more dependable
especially in wet conditions), twin drill heads and drill head
rollover for rib bolting.

component features which created hazards or reliability
problems were generally found to be isolated cases rather than
trends throughout the industry. Virtually every mine had some
minor recurring problem or required some particular optional
feature. However, only two of these problems were causes for
widespread equipment dissatisfaction. The first problem was
canopies. Almost half of those responding (47%) cited the
operator safety canopy as the one item that was not worth the
aggravation it generated. Among the causes for this
dissatisfaction are the following:

1. The canopy itself reguires some space further hindering
a bolter operator who already works in a confined space.

2. Many of the canopy designs have been added to existing
bolter chassis without consideration of operator
comfort, machine balance, or overloading bolter chassis
structure.

It was felt that much of the trouble results from canopy
retrofitting both in the mine and at the factory. It is vital to
move away from the design approach which allows options to be
added to a given chassis by retrofitting. Improvements in canopy
design, as funded by the Bureau, and integration of those designs
into new chassis concepts will alleviate many of these problems.

The second major dissatisfaction, 35% weighted percentage of
30 mine groups was the large size of various bolters, both single
boom and twin. This large size adversely affects maneuverability
in the narrow mine entries and intersections. Some of the larger
machines, when fitted with a temporary roof support suffer an
additional loss in maneuverability. Here again, proper component
integration will help eliminate these difficulties.

Steering system preferences, vital to machine
maneuverability, were investigated as they applied to specific
types of equipment. All possible varieties of steering were
discussed with the mine operators. Howevery, the positive
responses were generally confined to systems with which the
operators were already familiar. The results indicated a general
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preference for squirm steering, especially on the smaller
vehicles. One operator with especially soft bottom, however,
expressed extreme opposition to this scheme, complaining of the
damage done to the mine floor by the lateral motion of the tires.
on largexr vehicles, orbital (rear wheel) steering seems to hold a
good deal of favor because of the reduced lateral slippage.

Floor damage can become acute with squirm steering as machine
size, weight and track width increase. Other methods which
received some interest, although rarely seen onrn bolting
equipment, included a synchronized four wheel steering system and
an articulated chassis system. Experience with these methods was
limited and conclusions were difficult to draw in the field.
Essentially, the desired advantages are increased positioning
maneuverability and ability to turn a tight crosscut.

1.6 In-Mine Equipment Modifications

In order to achieve a better matching of a bolter to a given
set of mining conditions, mine operators frequently make
alterations to their equipment. In fact, the sample indicates
that 78% of the mine groups perform at least some of the
following significant modifications. The most commonly reported
can be found in Table 4. These modifications are freguently made
even before the equipment is put into service. Depending upon
the nature of a given modification, two explanations can be given
for this situation. The first explanation is poor responsiveness
on the part of the factory to the needs of the mine. The second
explanation is the difficulty which the factory can experience in
obtaining government certification for certain modifications.

The most common changes made to a bolter include installing
wet drill head systems, altering the chassis height (usually by
changing tires) and altering the tram arrangement. The tram
arrangement alteration may consist of changing tire tread pattern
or profile, modifying the hydraulic circuit to prevent wheel
slipping through hydraunlic differential action, or adding a
remote tram control. The remote tram control allows bolter
operator to tram the bolter while he remains at the front of the
bolter.

Certain other modifications may be made as the result of
efforts to improve reliability. The addition of multi-stage
cyclone collectors and staple-type hydraulic fittings are common
examples of this effort. The remaining modifications generally
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reflect either the personal preferences of the mine management or
the need to improve or strengthen an aging component.

T™wo important mine modifications to bolting equipment include
the now mandatory canopy and lighting installation reguirements.

1.7 Potential Improvements

Beyond individual component evaluations, data was compiled to
evaluate overall bolting specifications, which relate to machine
performance, by defining the operational envelope. A positive
response by a mine operator to changing a given parameter
indicates that some difficulty occurred in that mine relating to
that parameter which hindered the bolterts productivity. The
improvement then, would remove that hindrance. The results of
these inquiries are recorded in Table 5,

From the standpoint of owverall wvehicle size, the Jata
indicated that reducing chassis length and width would constitute
improvements according to about 40% of the mine management
groups. Shortening the vehicle length tends to upgrade
maneuverability especially turning ability while narrowing the
chassis is useful during tramming and allows easier passage of
men, materials and equipment past the bolter in the sometimes
crowded mine entries. These responses were more pertinent to
twin boom wehicles although some single boom bolters also seem to
be too large.

aAbout half of the mine groups indicated a desire for an
increase in ground clearance, stemming from tram bottoming
difficulties. Less interest (26%) was shown regarding lowering
the possible collapsed height of a given vehicle. The lesser
interest in lower profile is certainly due to a more careful
comparison made between coal seam thickness and wvehicle height,
rather than other chassis parameters, at the time of bolter
selection.

About 40% desired an improvement in the tire footprint which
would allow better traction in wet condition. ©On the other hand,
most bolters are geared adequately for torgue (only 25% needed
more) and speed (only 9% wanted faster tramming bolters). Also,
few respondents thought that a lighter weight vehicle would
provide any assistance during tram difficulties. #0% felt that a
tighter turn radius or cornering capability would be useful,
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Regarding the drilling operation, there were no responses
indicating the need to increase drill thrust or torgue on any
make of bolter. 1In fact, the thrust levels found on many bolters
can occasionally cause drill steel buckling when long extensions
are used.

Drill head articulation was investigated to determine the
most desirable capabilities. The ability to drill a straight
line of bolts across an entry without repositioning the bolter
chassis was considered to be an advantage by 61% of those
responding. Extra drill head reach (minimizing drill steel
extensions) was desired by 41%. U5% stated a preference for the
boom sumping feature which allowed more than one row of bolts to
be installed without moving the chassis although evidence of
chassis repositioning difficulties were not found in this study.
Boom sumping can be helpful, however, when many temporary jacks
are set at a face for support during bolting. The drill he=ad can
advance a row of bolts without removing a row of jacks for
chassis clearance.

Allowing the drill head to drill closer to the rib would be
desirable for 38% of the mines. However, no respondent indicated
that total reach between booms on twin boom machines was
inadequate. Head rollover capability, mostly needed in those
mines where rib drilling is necessary (10% of total, and 30% of
those with seams thicker than 6'), was considered to be a useful
option by 23% of the data base.

1.8 Conclusions

The above discussion presents the opinions of mine operators
regarding bolter improvements which can be accomplished using
either available component options or current technology. The
question that must be answered next is "what will be the nature
of the next generation of bolting equipment?" It is known for
instance, that roof bolting is the most hazardous job to be found
in underground coal mines. It is also known that roof bolting
constitutes a critical production pacemaker in many operations.
Even where bolting is not now a pacing operation in certain
mining conditions, bolter productivity will have to increase in
order to realize the full productivity potential of the advanced
coal cutting and haulage systems now under development.
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There are several ways of improving overall productivity and
bolter productivity in particular. However, some of these
methods contribute nothing towards increasing the safety of the
bolter operator. More than half of the mine management personnel
contacted were interested in improving the safety of the bolter
operator by removing him from the two largest sources of injury,
namely: unsupported rocof and rotating drill steels. The
remaining respondents were opposed to the degree of machine
automation regquired to achieve operator remoteness. Their
concerns related to decreased productivity arising from the
longer cycle times and the poor reliability resulting from the
added machine complexity associated with the automation.

Within the parameters defined by the field investigations, an
attempt was made to find a middle ground between currently
available equipment -and fully automated bolters. Prototypes of
fully automated bolters have typically been plagued with problems
associated with the added cvomplexity. Accordingly, a rational
design philosophy should utilize the minimum number of added
mechanisms and logic capabilities necessary to accomplish the
objectives of increased safety with equivalent (or improved)
productivity. This philosophy was employed in defining the
bolter concepts presented herein. Further, the strength of those
concepts which are not overly ambitious is the heavy reliance on
currently available machine components and systems and a close
adherence to the guidelines developed by the field
investigations. The proposed development timetables for each of
the concepts is different favoring the more straight forward
concepts which have a better chance of progressing through design
and manufacturing phases gquickly. Such concepts would
accordingly ke producing underground sooner and more efficiently
than the more sophisticated versions.
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2.0 USBM GROUND CONTRQL CONTRACTS REVIEW

In conjunction with the sources discussed earlier in the
report, selected, current and past USBM contracts were reviewed
to obtain background information on roof bolting (as with the
Bendix Hazard Analysis Study) and to review the state-of-the-art
regarding hardware development. Of primary interest were those
programs that demonstrated applicable hardware to achieve the
goal of remote bolter operation without excessive complexity.
Also of interest were component developments that would be
compatible with the overall concept schemes being developed to
enhance safe operation. For example, operator statior concepts
derived from those developed during the FMC Inherently Safe
Mining Systems Program were employed on four of the eight chassis
configurations presented later in the report.

Table 6 is a list of the reports that were requested. Table
7 summarizes the USBM contracts that were reviewed. Included in
Table 7 are the results of the review of those contract reports
.which were received as well as a breakdown showing the
applicability and quality of the information received and an
indication of the status of the prototype hardware. It should be
noted that most of the hardware which fell into the category of
long-range technology was not specifically utilized in this
program, thus reiterating the goals of the forementioned
criteria. Such programs as those employing high pressure water
jets (for drilling) or sonics (for pin setting) were reviewed
with interest, but the major developments contained within these
efforts were noted to be not fully developed. As this type of
equipment gradually demonstrates its ability to perform
competitively with regard to productivity and reliability, it
will become increasingly attractive for use on advanced bolter
concepts.

Some of the key studies which were funded by the Bureau of
Mines and have potentially high applicability to this program are
highlighted below:

The Flexible Drill Steel program was investigated thoroughly
for useful hardware. The two most promising concepts, previously
developed by Bendix and IRRI, comprise fully automatic bolting
modules. The Bendix module capable of installing resin bolts and
the IRRI module capable of installing mechanical anchor bolts.
Either module can be adapted to the automatic bolter module
chassis concepts. The larger IRRI module is shown in the concept
drawings of this report.
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The rod changer-bolt bender bolter concept utilizes
components from both the Bendix and IRRI bolter module programs.
The IRRI rod changer drill steel storage magazine and the Bendix
bolt bender are coupled teo create a low coal, remotely operated
bolter. Several other concept configurations make use of rod-
changer style magazines, extending their usefulness to drill and
bolt storage on concepts which install shorter than seam height
bolts.

Component mechanisms of interest found in all of the
Miner/Bolter programs as well as the FMC automated bolter were
studied for possible applicability. The transfer mechanism (on
the transfer bolters) was itself inspired by the oval tracked,
chain driven drill and bolt storage magazines found on several of
the aforementioned programs.
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Reports Requested:

Z2a

3.

16.

it.

12.

13.

contract

J0265021

J0265014

HO252091

HO166138

JO166051

HOZ242054
HO242056
HD0262036

HO262054

Jo255038

HO252048

HO262028

HO0262053

Table 6

USBM SOURCE LIST

Title

Engineering Noise Control Guide-
T.ines for the Coal Mining Industry --
Handbook

Roof Bolting Hazards Analysis Study

Fabrication & Evaluation of
Optimized Operator Compartments

Development of a Dual Boom Semi-
Automatic Roof Bolter

Performance Requirements of Braking
Systems for Rubber Tired Mining
Equipment Used in Coal and Non-
Coal Mines

Development of a Miner/Bolter System
Development of a Miner/Bolter System

Development of a System for High~Speed
Drilling of Small Diameter Roof Bolt
Holes

Development of a System for High-Speed
Drilling of Small Diameter Roof Bolt
Holes

Feasibility of a Temporary Roof
Support System

Fabrication and Evaluation of
Optimized Operator Compartments

Development of a Low Coal, Automated,
kemote Controlled Resin Cartridge

Inserter, Roof Bolt Bender/Inserter,
Roof Bolt Spin/Thrust, Hold Assembly

Development of a System for High Speed
Drilling of Small Diameter Roof

Bolt Holes
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1“.

15-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.
29.

30.

HC262061

HO2320u1

HD242062

HO155192

HO242060

HO242027

JO265015

00262017

H0262018

HO166096

HO242018

H0262006

HO262007

80271014
HO166014
HO266033

HO250234

USBM SOQURCE LIST

Table 6

{Continued)

Laboratory Investigation to Determine
Application and Limits of Sonically
Driven Roof Bolts

Large Scale Field Test of Pumpable
Roof Bolts

Flexible Roof Drill for Low Coal
Innovative Machine Design Concepts
Flexible Roof Drill for Low Coal
Flexible Roof Drill for Low Coal
Collection of Coal Mining Industry
Statistics for Normalization of

Accident Data

Magnetostrictive Roof Bolt Tension
Uniformity

Hardened Washers, Roof Bolt Tension
Uniformity

Roof Bolt Tention Indicating
Devices, Field Test

Tension Indicating Mine Roof Bolt
Development

output Torgue Indicator for
Bolting Machines

Ccutput Torgque Indicator for
RBolting Machines

Full-Scale Roof Bolt Test System
Resin Bolt Installations
Multiposition Roof Sag Indicator

Chemical Injection for Stabiliz-
ing Coal Mine Roof
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31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Table 6

USBM SOURCE LIST (Continued)

J0255004

J0166016

HOZ272008

JO155153

HO262015

HO242063

HO242051

HC272041

HO230021

HO220031

S0144087

HO11670

J0155131

Roof Bolting Using Fully Resin-
Grouted Bolts

Mcbile Roof Shield in an Operating
Coal Mine

Weathering Protection at the Face

Weak Floor Conditions, Stability of
Coal Pillars

Retreat Mining Support System

Flexible Roof Drill for Low Coal -
Phase VI

Development of a Miner/Bolter System

Development of a Mechanical Anchor
Bolter Module for Low Coal

Standardization of Control for Under-
ground Electric Face Equipment

Protective Canopies for Low Coal
Electric Face Equipment

Logistic Performance of Continuous
Miners

Equipment Modifications for
Increased Safety

Evaluation of Wet Head Drilling
Techniques
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44,

45,

46,

47.

48’

49.

50.

51.

52.

53,
54.

55.

56.
57.
58.

59.

J0155099

J0266014

RI17998

G0274009

Ho252075

HO272020

HO242057

J0155133

HOL177125

JO155099
HO252008

Jol66122

HO262016
HC242061
H0262058

0242020

Table ©

USBM SOQURCE LIST (Continued)

Development of a Quiet Rock Drill

Development of a Training System for
Roof Bolt Equipment Operators

Noise Abatement of Pneumatic Rock Drill
Application of Water Jet Assisted Drag
Bit and Pick Cutter for the Cutting

of Coal Measured Rock.

Test of Inorganic Replacements for
Resins

Rapid Excavation of Rock with Small
Charges of High Explosives

Development of a Miner/Bolter System

Evaluation of Wet Head Drilling
Techniques

Development of 6 Prototype Production
of Stoper Drills

Development of Other Pneumatic Drills
Development of Percussive HZO Jets
Design of a Quiet Roof Drill Using
Principles of the Leavell Model D
Pavement Breaker Feasibility Study
Temporary Face Support System

Bendix Resin Bolter Module

Temporary Face Support System

Survey of Protective Canopy Design
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Table 6

USBM SOURCE LIST (Continued)

60. HO242065 Refined Design of Protective Canopies

6l. * Operational Effectiveness Improvement
Concepts for Mine Machines

62, RI 8273 Longer than Seam Height Drill
Developrment Program

*  Number Unknown
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3.0 SAFETY CONSIDERATIONS FOR ALL ROLTER CONCEPTS

The primary goal of all of the concepts presented in this
report is to significantly increase operator safety on coal mine
roof bolters. The secondary goal is to minimize any adverse
effects that increased safety practices or machinery may have on
productivity or reliability.

at the outset of the program a review of USBM recent and past
programs related to coal mine roof bolting was conducted. Of
special interest were all programs relating to the safety of
bolter operators, and to advances in eguipment and/or machinery
techniques which lead to increased safety for the operator or
better ground control.

Review of this material led to the conclusion that the bolter
operator should be removed from the immediate bolting vicinity.
The types of hazards that befall a bolter operator stem from
three causes:

1. Injury due to roof fall which most frequently occur in
the unbolted area or an area in the process of being
bolted. :

24 Machinery-associated injury which is proportional to the
mechanical activity in the area. An example of this
type of hazard would include rotating machinery.

3. Machinery induced indjuries which involve the mants
position relative to the machinery. For example, a non-
riding man may be run over or pinched by the machine.

Many of these problems may be solved with various devices
such as centralizers, self centering valves and safety switches
which prevent machine operation unless the operatort's hands are
in safe, preselected locations. However, such devices are
susceptible to circumvention. The application of enough
individual safety provisions to avoid all or even most of these
types of accidents would complicate system design by the
introduction of additional, unreliable, often cumbersome devices.
Such an approach would appear to be counter-productive to the
machine operator and perhaps the mining industry. ©On the other
hand, removal of the operator from this most hazardous and
congested area will immediately eliminate a great number of the
potential hazards to the operator. He could be relocated to a
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less congested position that affords him greater comfort and
safety onboard the bolting vehicle. This approach places him out
of reach of the high speed rotating machinery and unbolted roof
in an area where he may be better protected in a more
comprehensive canopy.

Another important source of information which impacted the
program and the concepts generated came from numerous field
visits made with lee~Norse Company field service personnel.
Contacts were made with mine personnel to determine their
specific mining roof control and bolter equipment problems in the
regions covered by the individual field service representatives,
Frequently, these meetings resulted in underground visits to
specific mines providing examples of actual bolting eguipment
usage and an opportunity to determine the lewvel of user
satisfaction or dissatisfaction with his current eguipment. 1In
general, the mining personnel interviewed expressed a strong
desire for reliability, “"toughness", maintainability, better
maintenance information and field service assistance. The large
majority of mines investigated had been able to select standard
commercial components suitable to their specific needs. Although
the components varied widely from mine to mine, the operators
were quite satisfied with them. The mine operators generally
concede (about 50%) to a need for a safer bolter and that a
remote-operated bolter would achieve this end. However, they
caution against excessive displays of technology. They are
interested in a minimum amount of additional hardware to achieve
sufficient operator remoteness to obtain significantly improved
operator safety. They fear that unnecessary complexity will
yield a bolter of dubious value with a low availability due to
frequent and extensive downtime for repairs to delicate
equipment.

Since remote operation requires some handling mechanisms,
program interest centered on the various miner bolter programs,
the Bendix Automated Bolter Module, and the FMC Twin Arm Remote
Bolter. Visits were made to the contractors where hardware was
available for inspection. These visits provided program
personnel with knowledge of the latest techniques for remote
loading of drill steels and bolts.

The evolution of the IRRI bolter concepts was monitored by
frequent contacts between IRRI and SMRC.

On August 8, 1978 the IRRI program manager visited MSHA at
the Bruceton Research Center where the program concepts for roof
bolters were reviewed with Rruceton personnel. Their comments
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assisted in the selection of the preferred options of several
concepts. Preference was expressed for the tapered chassis, dual
boom transfer design over the straight chassis version. Specific
reference was made at this conference to the disproportiocnate
number of accidents that occur in low seam mines due to the more
crowded conditions. Thus, safety advances are especially
necessary for low seam equipment.

The information obtained from the investigations described
above provided the basis for the Remote Operator Roof Bolter
Concepts developed during the program. It is -judged that these
concepts represent a significant step forward for roof bolter
operator safety. These concepts draw heavily upon existing or
new bolting equipment components and offer their special
advantage primarily because of the relatively unique arrangement
of components. Further, these concepts place major emphasis on
where the man is located relative to, 1} the primary hazard area
and 2} his work. The vehicles have been rearranged to locate the
bolter operator in a preferred position approximately 6-10 ft.
outby the active bolting position. This positioning is in
contrast to the great majority of existing bolter vehicles which
fill this prime space with machinery and force the man to stand
to either side of the drill or ahead of the drill where he may be
pinched or struck by falling debris. Then, as a compromise,
existing bolters cantilever a significant canopy structure out
over him. The concepts presented herein, on the other hand,
attempt to correct historical errors by relocating the bolter
operator in the best location for his safety and operation of the
bolting equipment.
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4.0 ROQOF BOLTER CONCEPTS

4.1 <Concept Nomenclature

During this program four (4) basic concepts for roof bolter
machines were generated which offer the opportunity for improved
bolter operator safety without sacrifice in productivity.
Several variations on two of these concepts, providing either (1)
dual or simple boom bolting and (2) standard or new chassis,
provide the total of eight (8) bolting machines that are
presented herein. 7o establish consistent nomenclature for the
concepts, thereby assisting the reader in understanding the
associated descriptive text, the following summary table of the
bolter concepts is presented.

Transfexr Bolter

Dual Boom (New Chassis)

Dual Boom {Standard Chassis)
Single Boom (New Chassis)
Single Boom (Standard Chassis)

Rod Changer - Bolt Bender Boltexr

Trangverse Eail rib Bolter

futomatic Bolter (Module Concepts)

Dual Boom (MABM~DB)

Single Boom (MABM-SB)

The use of complete bolter titles in the written text has
been generally avoided to eliminate repetition and confusion.
However, the complete title of each bolter concept, consistent
with the above table, has been used on all section headings,
figures and tables related to that particular bolter concept.

The following sections describe each of the concepts tabularized
above.
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4.2 Transfer BRolters

The transfer bolter concepts embodyving one (or two) transfer
mechanisms provide the most direct and simple method of achieving
remote operation. There are no storage magazines in these
concepts. The central feature of these concept is a two-way
transfer mechanism that allows the operator to be remote from the
drill. This transfer mechanism (1) accepts an operator load
{drill, bolt or resin bag in inserter tube} and transfers the
load to the drill chuck, or (2) accepts a load from the drill
chuck and transfers it to the operator. Thus, the transfer
mechanism in essence is a mechanical extension of the operator's
arm. The transfer feature has been embodied in both dwal and
single drill head versions. Four (4} versions of bolters
embodying the basic transfer mechanism concept are discussed
below.

4.2.1 Transfer Bolter - Dual Boom {(New Chassis)

This bolter concept, shown in an artist's rendition in Figure
2, features two identical drilling positions. The drill heads
are supplied with drills or bolts by (2) chain-driven transfer
mechanisms. The remotely located operators, positioned under a
substantial protective canopy, manually lcad the transfer
mechanisms which then transports the drill or bolt to the
drilling position for use. Drill steels are retrieved in a
similar manner by the transfer mechanism. A new chassis design
has been provided which efficiently packages the drill heads,
transfer mechanisms, operator stations, steering provisions,
storage racks and power cable reel into a compact, highly
maneuverable vehicle. A preliminary design of this bolter
configuration, showing major component layout and basic vehicle
envelope dimensions, is given in Figure 3. The detailed design
and operating specifications for this bolter vehicle are given in
Takble 8. The commercial components utilized in this concept are
summarized in Table 9.
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Artist's Renditicn of the
Transfer Bolter — Dual Boom

(New Chassis)

Figure 2:
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General

Ao

B.

Ce.

De

F.

G.

H.

1.

Table 8

Design and Operating Svecifications for the

Transfer Bolter - Dual Boom {New Chassis)

Overall Length-----.-oc--------o-----.---

Overall Height S8 % 80200 %ecnEstassTe NS

Overall wWidth

> O 8 0B 0 s s e de s SO Ne NS e e

Ground Clearance'--..-.-o---.--..----...-

Maximum Ramp Angle for Clearance

Front 48 e eESS S SR e e Rd e s AT essddeedW

Rear ® e ECON TP Ie Py NI SO NETR NS PR NN

Operating Seam Range * 89 % ¢ 0 %00 OSSN SS BTSN eSE

BOlt Length S 4 a® 8008808 0d0ssdesedeaddenndE

Turn Capability

19.7 feet

4 feet, 9 inches
for 4 foot bolts

8.0 feet

8 inches

9 degrees
8 degrees
4 to 9.2 feet

3 to 8 feet

Single Pass 9200 Turn at 17.6 Feet Minimum Entry Width

Estimated WEiqht W 9 eSS SOYSORNTEBSASE IO

Performance

A.

Tram speed LI B B B B A UL B BE B I B B B BE D I B0 B0 BN BE O BU BN O

MaXimum Grade LEC I B BC BB B BRI BE B B BE BE IR B RE IR B N NI N

Ground Pressure

P W e P ONee CPON e S e IT S SE B ®

Electric Cable 440 vAC 3 Phase

23,000 pounds

120 FPM
1.4 MpH
36% Slope

20 Degrees

72.8 psi



Table 8

Design and Operating Specifications for the

Transfer Bolter - Dual Boom (New Chassis) = (Continued)

B.

Ce

Horizontal Axis Cable Reel - Power Take Up

100 Horsepower Electric Motor

Tram System

A.

E.

C.

Tires 10,00-15 35.8 in. dia. ¥ 10.94 in. wide -
79 in. sq. Footprint

4-Wheel Hydraulic Motor Drive
Planetary Reduction
3 Point Suspension - Rear Axel Pivot

Rear Wheel Steering, Inside Time Turns a Maximum
of 45 Degrees

Automatic Parking Rrake

Hydraulic System

Al

B.

C.

SYystem PreSSUYe sescsssssccscasansaee 2,000 psi

Pumps & & & 5 & 6 & & A B S8 & b d é D de o e o sd e e eSS 2-35 GPM Gear
2-15 GPM Gear

1-15 GPM Gear
Variable Dis-
placement,
Pressure reg-
ulated, piston

pump
FLlItOYS weicacacacasasnancasanssssnss Suction 75 Micron

Return 10 Micron
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Table 8

Design and Operating Specifications for the

Transfer Bolter - Dual Boom (New Chassis) - (Continued)

Safety Features

A,

E.

Full Cover Canopy Protection
Remote In-Cab Operation

Fire Protection

Temporary Roof Support (Local)
Tapered Chassis

Dual Escape Way - Through COpposite Cab

Special Features

A.

Semi-fixed Drill Heads (Plan View)
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Table 9

Commercial Components Used
On the Transfer Bolter - Dual
Boom (New Chassis)*

Description

1.0 Electric Power

1.1 Westinghouse Electric Motor

- 100 Horsepower

1780 RPM

440 vaAC, 3 Phase, 60 Fertz

113 AMPS

MESA Certified

1.2 Reel Cable Electric
- Ensign Model No. 5010 2008C2B-000
- DPenn Bpproved Reel

- XP 1841-0

1.3 Spooler Cable Electric
- Lee-Norse

- Part No. 4-008200-300

*All quantities listed are one per wvehicle unless otherwise
noted.
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Table 9

Commercial Components Used on the Transfer Bolter -
Dual Boom (New Chassis) (Continued)

1.4 Cable Electric
- Essex 2-3/C Type G-Gc¢
- 600 Vv P125 MESA

- or Egquivalent

2.0 Hydrautlic Power

2.1 Pumps
- Commercial Shearing Co.
- 35-15 GPM Tandem with Qutput Shaft
- P25X 178 GI ITi17-11 G ABO7-1-BO
- 35-15-15 GPM Triple Tandem

- P25X 178 GI IP17 -11 € ABO7-1 C ABO7-1

2.2 Valves

- Commercial Shearing Co.

- GSeries A20

3.0 Mechanical Power

3.1 Reel Motor

-~ Commercial Shearing Hydraulic Motor
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Table 9

Commercial Components Used on the Transfer Bolter -
Dual Boom (New Chassis) (Continued)

- M25X 997 BE ER10-30

3.2 Tram Motors - Quantity = 4§
- Char~Lynn Hydraulic Motors
- Series 4000

- Model No. 109-1013

3.3 Tram Speed Reducer - Quantity =
- Fairfield Torgue Hub - Planetary
- Model S3B

- Speed Reduction 25:1

3.4 Hydraulic Cylinders
~ Martiner Products
- Steering

- Canopy

4.0 Mast Units
Including Stroke Cylinders,

Drill Pots and Motors
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Table 9

commercial Components Used on the Transfer Bolter -

Dual Boom (New Chassis) (Continued)

4.1 Fletcher

Size Optional (Collapsed Ht./Max. Seam)

- 43763 {inches)

49775 {inches)

t

58/93 (inches)

667110 (inches)

5.0 Tires

5.1 Mining Service Tires, Quantity = 4
-~ Firestone 10.00-15
- Overall piameter = 35,8 inches
- Static Load Radius - 16.8 inches
- Footprint Area = 79 sqg. in.
- 60 psi Inflation Pressure

5.2 _ Foam Fill

Firestone Sup-R:Fil or equivalent
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Table 9

Commercial Components Used on the Transfer Bolter -
Dual Boom (New Chassig) (Continued)

6.0 Dust Collection

6.1 Air Cleaner
- Donaldson Split Pach Ounantity = 2
- Model No. XYX00 -~ 5101
- Large Hopper Option
- 2.5 cu. ft. or
- 100 ft. of 1.38 in. dia. hole or

- 180 ft. of 1.00 in. dia. hole

6.2 Blower - Quantity = 2
- Sutorbilt
- cCalifornia Series B
- Model No. 3MB

- 42 CFM at 6 psi at 1500 RPM

58



The simplicity of this transfer mechanism approach
specifically addresses the problem of providing operator safety
while at the same time assuring good bolter reliability. This
concept permits the operators, now comfortably seated under an
extensive high strength canopy at a safe distance from the
unbolted face and the rotating machinery, to perform at high
efficiency, sufficient to offset transfer and coupling times
(estimated at 3 to 5 seconds per transfer - with 4 transfers per
one mechanical bolt installation) as compared to a manually
operated bolter, Resin beolting will require 6 transfers per
bolt, a round trip for each of 3 units, a drill, a resin bag, and
a bolt. The simplicity of the mechanism and the relatively small
number of feedback loops reguired minimize any downtime caused by
the transfer mechanism.

During the development of this concept substantial effort was
directed towards simplified maintenance and improved bolter
reliability. In order that the operator, boom, transfer
mechanism and mast might remain fixed with respect to each other
for maximum reliability and good alignment consideration was
given to the use of a d-wheel, 180 degree rotation steering
system for this vehicle in addition to the more conventional rear
wheel steering. This concept will allow the spread between drill
center lines to remain fixed or essentially fixed., 1A provision
could be included for an infrequent mechanical resetting
capability to accommodate bolting at other than # foot spacing.
However,this machine has been designed to perform best using the
most common bolting pattern of 4 bolts across an entry on 4 foot
centers. Accordingly, it will bolt the 16-18 foot nominal entry
width most efficiently. The preferred travel path and bolting
sequence for the bolter in such an entry is depicted in Figure 4.
The bolter normally starts bolting a fresh cut to the right or
left of the entry centerline. In position "A" the first two
bolts on one end of a bolt row would be installed simultaneously
by the two operators under the protective canopy.

Following the bolt installation, the right hand side bolter
operator, whose cab controls include steering and tram, would
tram the bolter 8 feet to the opposite side of the entry
centerline. For 180 degree, U-wheel steering all 4 chassis pivot
wheels would turn 90 degrees in the direction of travel and the
chassis would tram directly along the bolt row 8 feet and stop.
If rear wheel steering is used the vehicle will have to back up
approximately 2 to 3 vehicle lengths and tram forward, moving 8
feet sideways in the process. The travel path is depicted in
Figure 5., It is estimated that this maneuver will be about 30
seconds slower than the sideways maneuver described above.
However, it is only required for every other pair of installed
bolts. Therefore, the simpler and less expensive rear wheel
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steering approach would require only 30 seconds more per 4 bolt
row, or 2.5 minutes per 20 foot entry bolted. Thus, the total
cycle time is increased only 7.5 seconds per bolt. From position
"BY (see Figure 4) each operator installs one bolt, completing
the first row of bolts. Regardless of tram movement system, the
next tram will orient all chassis wheels directly forward and
tram the vehicle straight ahead 4 feet to begin a new row of
bolts.

Thus, this segquence of operations installs bolts in a
progressive square wave pattern. The bolter operators are always
under bolted roof and every row of bolts is completed before
another row of bolts is begun. Obviously this bolter concept can
accommodate certain variations from the nominal bolt pattern to
suit local conditions. For example, although bolt spacing is
fixed between adjacent bolt pairs across an entry, variations can
be made in the direction of bolter advance toward the face.

Width variations may be accommodated between the middle bolts in
the row and, at the end of the row. End of row distance from rib
to bolt may be as close as two feet.

The operation of this vehicle regquires a high level of
operator utilization at both stations in spite of their remote
location because only a minimum amount of control would be
automatic. The operators would initiate and hydraulically
control all transfers to and from the drill chuck, drill
rotations, mast feed, bolt torque and thrust. The only automatic
functions would be interlocks required to prevent component
interferences during the bolt cycle.

The 180 Jegree, U4-wheel steering concept would require a
wheel suspension steering and drive system unconventional to
bolters. Wheel systems of this type have been used on other
existing pieces of equipment, such as large lumber carriers, with
complete success.

The wheel system would consist of 4 jidentical units of the
type shown in Figure 6. Each unit includes one tire and wheel
mounted to a hydraulic motor. The hydraulilc motor is mounted to
an offset cantilevered frame with a pivot shaft directly over the
tire vertical centerline.. Thus, these tire units pivot
relatively easily even when there is no vehicle motion and would
accordingly do a minimum of damage to the floor. They are
capable of great angnlar freedom. For this application, 20
degrees of freedom would be regquired on either side of the
straight-ahead wheel position. Turning effort would be applied
at the top of each pivot shaft to turn the the wheel units. Flow
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FIGURE 6

1800 Steered Wheel Unit For Use
With Transfer Bolter - -Dual Boom
{New Chassis)
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splitters and/or mechanical drives would synchronize the right
hand units with the left hand units. Fither a roller chain or
hydraulic method would insure synchronous wheel deflections,
Front and rear wheel pairs would be controlled individually by
separate, concentric steering wheels of the type depicted
schematically in Figure 7. Thus, a right hand crab (sideways)
maneuver would require both rims to be oripped and both wheels to
be turned hard to the right. Steering wheels will turn only 180
degrees corresponding to total wheel travel and would feature an
arrow indicating wheel orientation. This system would be very
natural for the operator and would provide necessary visual
feedback of the current wheel orientation. After the wheel pivot
operation, the forward tram control would effect travel to the
right in a sideways fashion. Upon completion of the tram
maneuver, the operator would release the steering wheels. The
inner wheel (connected to the rear wheels) would automatically
rotate back to center position and cause the rear wheels to
rotate back to the straight ahead position. This reorientation
feature was included so that the rear wheels, which protrude
beyond the chassis outline when turned right or left, would not
hinder passage between the vehicle and rib. 1In fact, the narrow
rear wheel track, self-centering rear wheels and tapered chassis
were all developed for this bolter concept to ensunre unobstructed
passage space for the operator from his work station to the rear
of the vehicle between the chassis and the rib. The frontal
width of the chassis allows placement of a bolt within 2 feet of
the rib and at the same time ensures a minimum of 18" clearance
for operator passage. An alternate escape passage for the
operator exists through the opposite operator cab.

The separate wheels will allow vehicle heading changes or
cornering. In fact, while tramming between cuts, the operator
may steer using only the front wheels by leaving the rear wheels
in the straight ahead position. This steering mode will afford
him the most natural automotive-type steering which would provide
the greatest safety and control while the other steering options
will maintain maneuvering flexibili+ty.

Because of the narrow chassis profile, the capacity of the
hydraulic reservoir was limited to 100 gallons. However, through
the use of a pressure compensated, variable displacement pump,
one major source of heat buildup can be eliminated. A variable
displacement pump replaced the traditional constant flow pump
used to preload the temporary roof support. Normally, once roof
prelecading is achieved, 15 GPM is pumped across a relief wvalve at
roughly 1000 psi. Eliminating this unnecessary oil heating would
reduce by nearly half (22,000 BTU) the estimated heat dissipation
requirements of the hydraulic tank as follows:
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100% of the power is converted to heat while the
temporary roof support remaing pressurized against the roof.

hp = 1.486 Flow {in. GPM)} Pressure (PSI)
Efficiency
Assume a mechanical efficiency = .G
Then HP = 1,486 x 15 x 1000 = 24,766 BTU
«9 Hour

Now assume the following duty cycle

TRS Duty Cycle 4 Min. on 1/2 Min. Off

]

89%

Avg. BTU/Hour = 24,766 x .89 =22,000 BTU
Hour

Assume the remaining pumps are 2-35 GPM and 2«15 GPM
pumps. This total flow is 100 GPM. Assume these pumps lose
10% hp to heat and operate at an average pressure of 1500
psi. Then the remaining head load:

hp = 1.486 x .1 x 100 x 1500 = 24,766 BTU
.9 . Hour

22,000 = 22,000 = 47%

22,000 + 24,766 46,766

Therefore, use of a pressure compensated variable
displacement pump which will destroke to zero displacement at
1000 psi will decrease the heat load on a typical twin boom
bolter (which previously put 15 GPM over a relief valve at
1000 psi) by almost 50%.
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4,2,2 Transfer Bolter Dual Boom (Standard Chassis)

This bolter concept embodies many of the features of
the preceding configuration, but utilizes a standard
production chassis.

In this configuration the operator stations, transfer

mechanisms and mast drill units would all be incorporated
into a substructure which would occupy the area of the manson-
type boom on conventional dual boom bolters. Figure 8
provides a general dimensional layout of this bolter
concept. Table 10 summarizes the design and operating
specifications for this bolter concept. The standard
production chassis used here is the Lee-Norse Company
TDII-43 and specifications for this unit are also included
in Table 11 and are used for comparison purposes only.
The new boom members attach at the conventional boom swing
pivot location in the conventional manner. This unit could
maneuver and operate like conventional egquipment, but with
the advantage of remote operation.
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Table 10

Design and Operating Specifications
for the Transfer Bolter -
Dual Boom (Standard Chassis)

General
A. Dverall Length cececvececsscccrecsanssesens 24,3 feet
B. overall Height .................;....... 5 feet, 1 inch
for 4 foot bolt
C. Overall Width .cceicececececneccneraeaaea B feet 9 inches
D. Ground ClearanCe .ceeesesssssscsssasssss B inches
E. Maximum Ramp Angle for Clearance
FYONt casccacccansnacscacnsannsnsses D degrees
REAY ccascacecccscccssonccnnsaseass 8§ degrees
F. Dperating Seam RANTE ceeescsvssscncsees 9.1 td 9.2 feet
G. Bolt Length cececcsncsnvosscsancsccsrossnceansas 3 to 8 feet
H. Turn Capability

Single Pass 90° Turn at 15.5 feet Minimum
Entry Width

I. Estimated Welight cesececcssencavesnsscanass 23,000 pounds

Performance

A. Tram Speed ceeececeee. e ceeceaneenes 120 FPM
1.4 MPH

Be. Maximim Grade .eeeecesscssvsvesecsccasss 35% Slope
20 degrees

C. Ground PreSSUYE ..esacecsccncassnsesass 12.8 psi

Power
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Table 10

Design and Operating Specifications for the Transfer Bolter -

Dual Boom (Standard Chasgsis) {Continued)

Electric Cable 440 VAC 3 Phase
Horizontal Axis Cable Reel - Power Take Up

100 Forsepower Electric Motor

Tram System

Tires 10.00-15 35.8 in. dia. x 10.94% in. wide -
79 in. sg. Footprint

4-wheel Hydraulic Motor Drive
Planetary Reduction
3-Point Suspension - Rear Axel Pivot

Rear Wheel Steering Inside Tire Turn a Maximum
of 45 Degrees

Hydraulic System

Ao

B.

Safety

System PreSSUYe sesscecessccssscescess 1,800 psi

PUMPS cvececnccsusincascccsacnnncnnnna 2-35 GPM Gear
2-15 GPM Gear
1-15 GPM Gear

FiltOYS eucacsccnssncacncanscscescesnvsss Suction 75 Micron
Return 10 Micron

Features

A.

Be.

Ce

D.

Full Cover Canopy Protection

" Remote In-Cab Operation

Fire Protection

Temporary Roof Support (Local)
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Table 10

Design and Operating Specifications for the Transfer Bolter -
Dual Boom (Standard Chassis) (Continued)

Dust Collectors: Two Units

Donaldson (Split -~ Pacl)
Model XYX0O0~5101
Optional Large Hopper
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General

D.

E.

Table 11

Lee-Norse TDIT-43 Specifications

Overall Length taicieccvcacanacansnnaa 24.9 feet
Ovearall Height (CHassis) c.cceeceasecs. 843 Inches
Overall Width ceeccecececcccennnsanes 8.7 feet
Ground ClearanCe ecsessacssessccsssss 10.0 Inches
Maximum Ramp Angle for Clearance

FrONt ceeccececccsssccccascnecasess 10 Degrees

Rear LI B B A B R I I R O B A O BN B B IR R IR N 9 DegrEES

Operating Seam Fange s sssemsnvessss e 43 - 93 In.
3.6 - 7.8 Feet

Turn Capabkility {(OCrbital)

Single Pass 902 Turn at 15.5 Feet Minimum
Entry Width

WEight LIS T B R R AR R I I I A A IR B A AL I I A A 30'000 pOl}ndS
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h.2.3 Transfer Rolter - Single Boom (New Chassgis)

The single boom transfer bolter which is shown by an artist's
rendition in Figure 9, will operate much the same as the dual
unit previously described. Tt is, however, less complex
featuring squirm steering, 4-wheel drive, and dual facing seats
in the operator station. Figure 10 presents plan and elevation
views of this bolter concept.

The tram motors are high torque, low speed units designed
specifically for wheel drive. The motors have sufficient bearing
capacity to accept the vehicle ground reaction loads both
radially and axially. This bolter will operate as shown in
Figure 11. Due to its angular position while bolting near either
rib it will not require the tapered chassis featured on the twin
version.

The operator is fully protected and comfortably seated near
the center of the vehicle with good visibability of the transfer
mechanism and drill mast. He enters and exits the operator
station from the right hand side of the vehicle between the
tires. The cab features a full canopy with height adjustment.
The operator is not reguired to exit the cab during the bolting
of a cut. Because the mast features roof and floor stab jacks,
the area immediately ahead of the last row of bolts is fully
supported. If necessary, an operator could exit the cab and
approach the mast area to make an adjustment or correct a minor
malfunction under the limited protection of the temporary roof
supports. The preferred option would be to collapse the mast and
withdraw from the unbolted cut for repair or inspection under
previously bolted roof.

In order to maintain operator station access and chassis
balance, an asymmetrical wheel pattern was developed for the
vehicle. Section 5.0 following the concept discussions, analyzes
the effect of this assymetrical wheel pattern on the steering and
maneuverability of the bolter. The dual facing seats in the
operator station allow maximum tramming visibility when tramming
between cuts. Seat bottom hinges will allow the seats to be
lifted out of the way when not in use for increased leg-room.

The detailed design and operating specifications for this
bolter vehicle are given in Table 12. The commercial components
utilized in this concept are summarized in Table 13,
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Figure 11: Squirm-Steer Tramming
and Bolting Sequence fo
the Transfer Bolter -
Single Boon (New Chassis
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Table 12

Design and Dperating Specifications
For the Transfer Bolter -
Single Boom (New Chassis)

General
A. Overall Length ascevesecssssrncnssnss 16,1 feet

B. Overall Height ccescceccsaecensssees B feet, 2 inches
: for 3 foot bolt

C. Overall Width .ceueeceecsscccnssnssasas Ho5 feet

D. Ground ClearanCe ..ceeceeecesses eseses=» 8 degrees

E. Maximum Ramp Angle for Clearance
FrONt cceecsasascssacassuansaas 11 degrees
REAY eaceremeccrcncncasrneceeen-e 11 degrees

F. Operating Seam RANJE csecesssssosses 93 to 9.2 feet

G. BOolt Iength cescecnncsassccncscssscas U to 8 feet

H. Turn Capability

3ingle Pass 90° Turn at 9.5 feet
Minimum Entry wWidth

I' EstimatEd weight LA BL I BB B A A AR N AN N 15'000 pounds

Performance

A. Tram SPEEA ceecececssccscsassascnasea 120 FPM
1.4 MPH

B. Maximum Grade sececececcccncsscesceass 36% Slope
20 degrees

C. Ground Pressure - 4 & 08 8 &0 88 sadsdas s 78.1 psi
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Table 12

Design and Operating Specifications for the Transfer Bolter -
Single Room (New Chassis) {(Continued)

Power
Al Electrical Cable 440 VAC 3 Phase
B. Horizontal Axis Cable Reel - Power Take Up

C. 40 Horsepower Electric Motor

Tram System

A. Tires 7.50-15 32.5 in. diameter x 8.52 inches wide
- 48 square inch footprint

B. i-Wheel Hydraulic Motor Drive - Hagglund
Ca Squirm Steering Ratio = 1.13

D. Automatic Parking Brake

Hydraulic System

A. SYSteM PIrESSUTE eeweveavsvvsvvesnwes 2,000 psi

B. Pumps L B B BN BN BN BN NE BE BE BE BN BN BN B N B BE BE BN B NN BN B N N B B ) 1—35 GPM Gear
1-15 GPM Gear
1-10 GPM Gear
vVariable Dis-
placement,
Pressure Reg-
ulated Piston
Pump

C. Filters L IR BE BN BE BN BE BE BN N ONE BN B BE BN BN K BE BN BE B BN R BN BN BN Suction 75 Micron
' : Return 10 Micron

D. 0il Reservoly CapacCity ceseeceewss B0 Gallons

Safety Features

A. Full Cover Canopy Protection
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Table 12

Design and Operating Specifications for the Transfer Bolter -
Single Boom (New Chassis) (Continued)

B. Remote In-Cab Operation
C. Fire Protection

D. Temporary Roof Support (Local)
Lighting

Shielded Flourescent Tube Fixtures as Required - McJunkin
or Equivalent :
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Table 13

Commercial Comvponents Used on the
Transfer Bolter - Single Boom
{New Chassis)*

1.0 Electric Power

1.1 Electric Motor
- Reliance ID No. P326928A
- 40 HP
- 1770 RPM
- 440 VAC 3 Phase 60 Hertz

- 52.2 AMPS

1.2 Motor Control Box
- Hubbell Ensign Electric Division
- Class 2010 Starter
- Spec. No. 2210-KSD 40 EX-0002-A
- Schedule 2G XP 1808-0
- 40 HD

- 440 vaCc, 3 Phase, 60 Hertz

1.3 Cable Electric
- USS Tigerbrand lLead Cured

- 600 Vv 3 Conductor 6 AWG

*All quantities listed are one per vehicle unless otherwise
specified.
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Table 13

Commercial Components Used on the Transfer Bolter -

Single Boom (New Chassis) {Continued)

- Type G-GC P109 MESA or equivalent

1.4 Reel, Cable, Electric
- Ensign Model No. 5010 208C2B-~000
- Pennsylvania Approved Reel

- Federal Approval XP 1841-0

1.5 Spooler - Cable Electric

- Lee-Norse Part No. 4-009200-300

or equivalent

Hydraulic Power Supply

2.1 Pumps
- Commercial Shearing
- 35«-35-10 GPM Triple Tandem

- P25X 178 GI IT17-11 TL IT17-1 C ABO5-1

2.2 Valves

- Commercial Shearing

- Series A20
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3.0

4.0

Table 13

Commercial Components Used on the Transfer Bolter -
Single Boom (New Chassis) (Continued)

Mechanical Power

3.1 Reel Motor
- commercial Shearing Hydraulic Motor

- M25X 997 BE FR10-30

3.2 Tram Motor
- Hagglund Hydraulic Wheel Motors
-~ Model No. 1155 with Brake

- {Low Speed, High Torque)

3.3 Transfer Chain Drive
- Lamina Hydraulic Motor
- Model No. A-25

- 32 Tooth Sprocket, 3/8" Pitch Chain

3.4 Hydraulic Cylinders

-~ Martiner Products

- Canopy, Elevation, Quantity = 4

Mast Units

4.1 - Including Stroke Cylinders & Drill Pots
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5.0

6.0

Table 13

Commercial Components Used on the Transfer Bolter -
gingle Boom (New Chassis) (Continued)

4.2 Fletcher
- Size Cptional - (Collapsed Ht/Max. Seanm)
43764 inches
49/75 inches
58/93 inches

667110 inches
Tires

51 Mining Service Tires, Quantity = 4
- Firestone 7.50-15 or equivalent
- oOverall Diameter = 32.5 inches
- Static Load Radius = 15.2 inches
- TFootprint Area = 48 square inches

- 65 psi Inflation Pressure

5.2 Foam Fill

.~ Firestone SUDeReFIL or eguivalent

Dust Collection

6.1 Air Cleaner

- Donaldson Split-Pacl,

83



Table 13

Commercial Components Used on the Transfer Bolter -
Single Boom {New Chassis) (Continued)

- Model No. XY¥X00-5101
- Larger Hopper Option
- 2.5 cu. ft, or 100 ft. of 1.38 in

hole, or 180 ft. of 1.0 inch hole

6.2 Rlower

- Sutorbilt Model No. 3MB

- 42 CFM at 6 psi at 1500 RPM
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4o2.4 Transfer Bolter - Single Boom (Standard Chassis)

This bolter concept embodies many of the features of the
preceding configuration, but utilizes a standard, production
chassis.

In this configuration the operator station, transfer
mechanism and mast drill uanit would all be incorporated into a
substructure which would occupy the area of the boom on
conventional, single boom bolters. This bolter concept embodies
the Lee-Norse Company TDI-36 Standard bolter chassis.

A general dimensional layout of this bolter configuration is
shown in Figure 12. The design and operating specifications for
this bolter concept are given in Table 14, Included in Table 15
for comparison purposes is information on the TDI-36 conventional
bolter chassis.
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Table 14

Design and Cperating Specifications for the
Transfer Bolter - Single Boom (Standard Chassis)

General
A. Overall Length s..... cesccascassvsnseas 16.7 feet
B. Overall Height ccececvecsancvssecessss U feet for 3' bolt
C. Overall Width secececcscesscccscscssseas 0.3 feet
D. Ground ClearanCe .ceee.. “seessesascecese 8 inches
E. Maximum Ramp Angle for Clearance
FIONT weevwcovcscssssssanrencsnsnsns 7 degrees
REAY cevscdesccanasccanseasaseass B degrees
Fa Operating Seam RaNGe ceeeccoccece eesee U to 9.2 feet
Ge BOlt Length ceeevvscevcovecacsevsesass 3 to 8 feet
He Turn Capability
Single Pass 90° Turn at 10.2 Feet Minimum
Entry Width
I. Estimated Weight ..eecicencecccennceees 15,000 pounds
J. Built From Lee-Norse TDI-36 <c.eeeece..~» 18,000 pounds
Performance
A. Tram SPeed .cevavevecaccennanna eeasese 120 FPM
| 1.4 MPH
B. Maximum Grade ceesvewesvrecnssosewwsss 35% Slope
20 Degrees
C. Ground PreSSUYe sceecesacasnceccncsnaweas 18471 psi
Power
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Table 14

Design and Operating Specifications for the Transfer Bolter -
Single Boom (Standard Chassis) (Continued)

A. Electric Cable 440 VAC 3 Phase
B. Horizontal Axis Cable Reel - Power Take Up

C. 40 Horsepower FElectric Motor

Tram System

A. Tires 7.50-1%, 32.5 in. diameter x 8.52 in. wide -
48 in. square footprint

B. 4-Wheel Hydraulic Motor Drive - Chain
C. Squirm Steering Ratio = 1.45

D. automatic Parking Brake

Hydraulic System

A. SysStem PreSSUYe eceeesecesssesscesses 1,800 psi

B. Pumps ® 9 6 & 5 S #0308 8 S PO E N IS S OSSN SE WY S Ese 1-35 GPM Gear
1-15 GPM Gear
1-10 GPM Gear

C. Filters » W P Y P GO D PR O P Y P SO O E DY T PSSR Y SO Suctioa 75 MiCron
‘ Return 10 Micron

Oil Reservoir Capacity % & % 5 9 ® 9 O S PHTE ST OSSS 80 Gallons

safety Features

A. Full Cover Canopy Protection
B. Remote In-Cab Operation
Ca Fire Protection

D. Temporary Roof Support (Local)
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Table 14

Design and Operating Specifications for the Transfer Bolter -
Single Boom (Standard Chassis) {(Continued)

Shielded Flourescent Tube Fixtures as Required -
McJunking or Equivalent
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Table 15

Lee~-Norse TDI-36 Specifications

(For Reference Only)

General
h. Overall Length cecccececccccnsvsenanrsess 17.7 Feet
Ba Overall Height {ChasSSiS) .ceesceecsvass 36 Inches
C. Overall Width cececccsssveccasccsannsea 6.3 Feet
D. Ground CleAYaANCE caesssarsvcvcsscnesaes 8 Inches
E. Maximum Ramp Angle for Clearance
Front ecececsescscsccsccssasanscsccas 10 Degrees
REAY acescscecscanecaanaansacnncesass 8 Degrees
¥F. Operating Seam RANGE ccececsccsncsssees 3I-6 Feet
G. Turn Capability (Sguirm)

Single Pass 90° Turn at 1t.5 Feet Minimum
Entry Width

H- Weight % 88 GG 80 S8 058005 EAE0 0SS EELEddsd e 15'000 pOUHdS

S0



4.3 Rod Changer - Bolt Bender Bolter

This bolter concept is designed for low coal. It is shown in
an artist?!s rendition in Figure 13. It provides the lowest
profile of all the concepts presented herein. A general
dimensional layout of this bolter, showing plan and elevation
views, is given in Figure 14.

This bolter is designed to drill holes and install bolts up
to 8 feet long in seam heights from 3 feet to 6 feet with a
remote operator. The tram height of 31.5 inches is made possible
by using the advanced variation of a Manson-type boom shown
isometrically in Figures 15 and 16. The variation produces a
straight line locus for the drill chuck center axis and offers
improved accessibility to the drill chuck area from one side.
Straight line motion improves all alignment conditions relating
to the rod changer device while the access to the drill chuck
from the right hand side of the bolter is improved by the
following changes:

1. The npper right hand parallogram link is removed
from the temporary roof support linkage as shown in
Figure 15.

2. The drill chuck linkage lower right hand
parallelogram link has been removed as shown in
Figure 16.

3. The right hand linkage radius link has been
eliminated. The function of this link - to move
the rear pivot point of the right hand boom
forward as the drill chuck raises in synchronism
with the left hand side and the appropriate amount
of produce a straight wvertical drill path - is
provided by a modification to the lower boom pivot
point.,

The left hand side of the linkage is conventional except that
the radius link pivot point has been moved forward until it lies
in-line with the drill chuck centerline in the side view. This
pivot is also at the same elevation with the rear pivot center of
the main booms. These changes in addition to making the radius
link exactly equal to one half the length of the main boom (pivot
center to pivot center) and attaching the radius link to the main
boom mid-point provide a straight vertical drill chuck locus.
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Artist's Rendition of the Rod Changer -

Bolt Bender Bolter

Figure 13:



Io3T0od Jepued 3TOH — JoDUBRYD POy SUR JO SMOTA UCTIRASTH pue uefd :§1 aambrg

5 TviiaTIaE
1 / YYI1I ONNOYY 9

gIFIITIIS
" T T~ T e e e
annows - - e - o — - T - N : W

T JIVJ'}MI/I/ e
T . Aty R

oy

400y — o=

5

g R

|

ol

93




E-4

YL L2104
MAM FTIONIC 400 ¥ILT09,,

T v i,
[ i)

.- 3 |

TS AT 3707 _ o
XINT WJoUg DNIIvD T BNIFAORT
vl
)
»
annoy9 -- i r,. s //All/‘ T i e e - -
1 N o : . i}
> Xt  O1d [ R a0
149 &I 1200 N
[z < : ..\\/
os <A
LHOI1IH .
W3S Wit
9€
LHDIIN ’
wY3Is AV,
[7]
¢ T _; L\
« SEHONPC R
XING WoDg 1V9d DRIAORE
V-v NOIiJ33%
aNNoyY —— -

ANDIIH
WY3IS XV
Z

JelTog Ispuedg 310d
- Jsbuel) poy SU3 JO SMOIA UOTIRASTH pue ueld

_; @@U m @m_

: (panurlue)) 1 oIbTy

-4

bmﬁ TTTITTL

IND B¥D DNIFOLS

TIviId

NOIL

1SOd

ONILYY IO M QYD —

GNNOYD I

e

NOILISOt

. \tv.!h NI GvD
e fof e

<
(o]






Je31od Ispusg 3Tog
- JebuRy) poy SU3 JOF wood Suy3 JO TTeIS] 9T oambrd

TiTaa

96



Thus, the 1left hand rear boom pivot is caused to move forward
along its track the appropriate amount by the action of left hand
radius link. By fitting a rack section above the left hand lower
boom pivot in mesh with a spur gear rotary motion proportional to
the linear travel of the lower left hand boom pivot can be
transmitted to the right hand side. On the right hand side the
rotary motion can be converted back to an identical linear motion
by use of another spur gear on the same shaft in mesh with an
identical rack section. Thusg, the right hand rear boom pivot is
forced to stay in synchronism with the left hand pivot.

Straight line motion improves alignment conditions relating
to the rod changer device while improved access accommodates the
traveling bolt bender inserter. The bolt bender inserter is a
modified Bendix bolt bender unit similar to the unit previously
used by IRRI on the ¥lex Drill program.

The Bendix rcof bolt inserter consists of a power driven
grooved roller around the rim of which a roof bolt can be fed.
It uses two small diameter fixed axis rollers. One to feed the
straight bolt into the bend and one to straighten the bolt as it
completes the bend., In addition, there is a jaw which includes
two grooved rollers. This jaw can move radially toward the major
roller to clamp the bolt against the major roller rim. It can
also rotate around the major roller axis for the initial bend in
the bolt. See Figure 17 for this sequence of events.

The rod changer mechamism utilized in the design is an
upgraded version of the original Flex Drill design. Also, design
improvements created for the Mechanical Anchor Bolter Module
program (MABM), were incorporated into this design.

This bolt bender inserter has been modified such that the
bend angle is ad-justable. For use with this concept the maximum
bend angle will be 90 degrees. 90 Degrees will be used for the
lower seams. In higher seams the operator may at his option
select an angle less than 90 degrees. This makes loading the
bolt iserter easier for the operatort's relatively low position.

The chassis features squirm steering with staggered wheel
locations to allow the operator cab to be placed alongside the
boom. This cab position allows the operator to enjoy a remote
location with his feet #4-feet behind the active drill-chuck
centerline. He is under bolted roof at all times and away from
the rotating machinery and yet close enough to the drilling and
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bolting functions to observe the system and perform the remote
feeding of the roof bolts.

The cab consists of two sections joined by a hinge and strut.
The major portion of the cab supports the operators head, back
and seat. This portion of the cab is trunnion mounted and
hydraulically positioned. Tn the tramming position the
operator's head clears the minimum seam height (36 inches) by 6
inches and the cab bottom point clears the mine floor by 6
inches. The small forward portion of this cab houses and
protects the operatorts feet. It is open from the side for easy
access and the bottom of the forward portion of the cab is 6
inches above the floor. This, the man occupies only 24 inches of
space vertically when in the tram position. Seated in a nearly-
horizontal, reclining position, with his knees bent at
approximatly 90 degrees, good visibility of the work area over
his knees is provided. Further, the controls are readily
accessible near his lap to the left hand side. 1A total coverage
canopy is provided directly over his head and body to protect him
against falls, dirt and scraping by the mine roof. The chassis
operator drives the bolter in this attitude until he is in
position to bolt the roof.

He activates the hydraulic cab articulation control causing
the cab to rotate about the trunnion wich lowers the cab bottom 6
inches to the mine floor and raises the miner's head rest and
canopy 6 inches, In this position, the operator has been
reoriented as much as possible for the minimum seam height of
this bolter. Now the operator's torso is upright and more
comfortable for working, which provides proper visibility of the
work area and access to the drill and bolt controls.
Kinematically coupled with his back reorientation, the operator's
knees have straightened to approximately a 45 degree bend and his
heels have been lowered three inches toward the floor. This
movement is accomplished by the hinge (at the operator knee
location) and strut which attach to the major portion of the
operator cab. The tramming and bolting positions of the operator
are shown in Figure 14

Hands-off drilling was achieved in the Flexible Drill program
at Ingersoll-Rand Research, Inc. by use of the rod changer and an
air logic system. Either air logic or a microprocessor system
will be used to provide the rod changer with the necessary
feedback and logic capabilities. With a short drill coupling
system some form of automation or logic system is necessary to
achieve rapid and accurate coupling of the several drill sections
“required to drill one hole. A traveling bolt bender allows the
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operator to manually and remotely load a bolt and subsequently
install the bolt into the roof.

The detailed design and operating specifications for this
bolter vehicle are given in Table 16. The commercial components
utilized in this concept are summarized in Table 17.
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Table 186
Design and Operating Specifications for the
Rod Changer - Bolt Eender RBolter

General
A. Overall Length Ceterecscescssacsssanaca
B. Overall Height weeeeencecaccnnconcennan
C. Overall Width cuiececeeeicveccccnasancnnss
‘D. Ground ClearanCe ccecceccscscassacsassss
E. Ramp Angle
Front weceevceacassceaesa ccssccscvos
REAY ceveovvvevsescssevssnarsnsanee
F. Operating Seam RANGE ceeeesscscssascscs
Ga Bolt Iength wceveeacncucaccepscannnacanns
(Bolt Length Higher Than Seam Height
up to 8 foot Bolt in 3 foot Seam)
He. Turn Capability .
Single Pass 90° Turn at 13.3 feet
Minimum Entry Width
I. Estimated Weidht .o ceececccncensnans
Performance
A. Tram Speed ecessvescsascsncssacsssvascanscas
B. Maximiin Crade ceeeeocsescsccnansscenasss
C. Ground PreSSUYE ecscnccccsscacsacccunans
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18.8 feet
30 inches
6.9 feet

6 inches

4 degrees
10 degrees
3-6 feet

3-8 feet

16,000 pounds

120 FPM
1.4 MPH
36% Slope
20 Degrees

83 psi



Table 16

Design and Operating Specifications for the Rod Changer -

Power
A.
B.

C.

Belt Bender Boltexr (Continued)

Electric Cable 400 VAC 3 Phase

Horizontal Axis Cable Reel - Power Take Up

40 Horsepower Electric Motor

Tram Sysiem

A

B.

C.

De

E.

F.

Tires 750-15, 32.5 diameter x 8.52 wide -

48 sqg. in. footprint area

4-Wheel Drive by 2 Hyvdraulic Drive Motors

and Roller Chain
Planetary Gear Final Drive Reduction

Rigid Frame 4 Point Suspension Rubber

Tire Pneumatic or Resiliant Foam Filled

Squirm Steering

Automatic Parking Brake

Hydraulic System

AI System Pressure i....lll.ll.........l.

B. Pumps a8 858 6888488648868 a8 9 64 eee boweae

C. Accumulator for Temporary Roof Supoort

D. Filters L AL B R AL B N B B B BN B IR A R AR B BN BN IR BN BN B BN BN B B AR BN BN

E. Hydraulic Tank - 8 6 4 & 8 & 88 488508 bbb D o d ohd
Safety Features
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2,000 psi
1-35 GPM Gear

2=15 GPM Gear

Suction 75 Microns
Return 10 Microns

80 Gallons ©il



Table 16

Design and Operating Specifications for the Rod Changer -

De

Bolt Bender Bolter (Continued)

Canopy
Remote In-Cab Operation
Fire Protection

Temporary Roof Support (Local)

Special Features

A.

Lighting

Drills Holes and Places Bolts Longer than Seam Height
Remote Operation

Tilting Cab uses all space available with
minimum seam for operator in operating position -
Tilts to obtain roof and ground clearance

for tram.

Rail Mounted Bolt Bender Retracts from
Face for Manual Loading

Shielded Flourescent Tube Fixtures as Required -
McJunkin or equivalent
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Table 17

Commercial Components Used on the
Rod Changer Bolt Bender Bolter*

1.0 Electric Power

1.1 Electric Motor
- Reliance ID No. P326938A
- 40 HP
- 1770 RPM
- 440 vac, 3 phase, 60 Hertz

- 52.2 AMPS

1.2 Motor Control Box
- Hubbell Ensign Electric Division
= Class 2010 Starter
- 8pec. No. 2210-KSP 40FX-0002-A
- Schedule 26 XP 1808-0
- 40 po

- 440 vAC, 3 Phase, 60 Hertz

1.3 Cable Electric
~  USS Tigerbrand Lead Cured

- 600 V, 3 Conp, 6 AWG

*All quantities are one per vehicle unless other wise specified.
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Table 17

Commercial Components Used on the Rod Changer Bolr
Bender Bolter (Continued)

- Type G-GC, P109 MESA or equivalent

1.4 Reel Cable Electric
- Ensign Mod. No. 5010 2008¢c28-000
- Penn Approved Reel

- XP 1841-0

1.5 Spooler-Cable Electric

- TLee-Norse Part No, 4-009200-300

2.0 Hydraulic Power Supoly

2.1 Pumps
- Commercial Shearing
- 35-35-10 GPM Triple Tandem

- P25X 178 BI IT17-11 TL IT17-1 C ABOS5-1

2.2 Valves
- Commercial Shearing

- Series A20

3.0 Mechanical Power
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Table 17

Commercial Components Used on the Rod Changer Bolr
Bender Bolter (Continued)

3.1 Reel Motor
- Commercial Shearing - Hydraulic Motor

- M25X 997 BE ER10-30

3.2 Tram Motors, QTY=2
- Char-Lynn Hydraulic Motors
- Series 4000

- Model No. 109 1013

3.3 Tram Speed Reducer, OTY=2
- Fairfield Torgue Hub-Planetary
- Model S3B

- Speed Reduction 25:1

3.4 Rotation Motor

- Rineer Hydraulics, Inc.

3.5 Motor Transfer Bolt Bender
- Char-Lynn Hydraulic Motor
~ 2000 Series
- 6.1 cu. in/Rev,
- 19 Tooth Sprocket

- 5/78% Pitch Double Strand Chain
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Table 17

Commercial Compvonents Used on the Rod Changer Bolr

4.0

4.1

Bender Bolter {Continued)

Hydraulic Cylinders

- Martiner Products

- Bolt Bender Swing -625 in. bore

- Bolt Bender Detent «625 in. bore

- ©Bolt Bender Chain Engage .625 in. bore
- Centralizer -625 in. bore

- Drill Bit Handling Arm 1.0 in. bore

- Cable Cylinder 5.5 in. bore
- Boom Lift Cylinder 3.5 in. bore
-~ Cab Tilt Cylinder 1.0 in. bore
- Canopy

Tires

Mining Service Tires, Quantity = @
- Firestone 7.50-15

- Overall Diameter - 32.5

-~ Static Load Radius = 15.2

~ Footprint Area ~ 48 in. sq.

- 70 psi Infilation Pressure or Equivalent
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Table 17

Commercial Components Used on the Rod Changer Bolr

Bender Bolter (Continued)

4.2 Foam Fill
- Firestone SUPsRe¥IL

- +to 70 psi or equivalent

Dust Collection

5.1 Ajir Cleaner
- Donaldson Split-Pacy,
- Model No. XYX00-5101
- TLarge Hopper Option
-~ 2.5 cu. ft. or
- 100 f£t. or 1.38 in hole, or

- 180 f£t. or 1.00 in. hole

5.2 Blower
- Sutorbilt
- Model No. 3MB

- Approvimately 42 CFM at & psi at 1500 RPM

Drill - Developed from IRRI

- Flex Drill Program and

- MABM Program using Microprocessor
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Table 17

Commercial Components Used on the Rod Changer Bolr
Bender Bolter (Continued)

7.0 Roof Bolt Bender Inserter Developed by

Bendix
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4.4 Transverse Rail Rib Bolter

The transverse rail rib bolter concept derives its name from
the rail across the front of the chassis. An artist's rendition
of this bolter configuration is shown in Figure 18 and a general
dimensional layout, showing plan and elevation views, is given in
Figure 19.

In this concept, two mast drill units travel along the rail
to place bolts across the entry width., The mast drill units are
also capable of rotation in the frontal plane which allows them
to perform rib and angle drilling and bolting. The use of a
transverse rail and rotatable drill units is not conceptually new
and field experience indicates that commercially available
equipment of this type has performed well mechanically. However,
such equipment has one important shortcoming in that the drill
masts are operated from the front, ahead of the transverse rail.
This condition presents a safety hazard since the mast units,
when extended to place the drill near the rib or to rib bolt,
obstruct the operator's escapeway trapping him at the face.

The present concept using a transverse rail and rotatable
drill masts overcomes this basic shortcoming by adding bolt and
drill storage magazines to each mast unit, capable of storing and
feeding a sufficient quantity of roof bolts and drills to bolt a
20 foot entry. The operation of these magazines would be
remotely contrclled by the operators who would be positiorned
outby the transverse rail. Each operator would occupy 2
protected cab mounted to the bolter chassis directly behind the
front wheels. This location provides a safe position for the
operators under bolted roof and beyond the reach of the rotating
machinery of the drill chuck and the articulating mast
structures. The operator cab would feature a structure meeting
canopy strength requirements, providing operator comfort, and
providing as much visibility as possible to minimize the need for
automatic control of the drill and bolt magazines. This cab
would utilize slide-mounting to the chassis and hydraulic
elevation control similar to those items developed as part of the
Bureau of Mines' Inherently Safe Mining Systems program to
improve mast visibility. This type of cab mounting minimizes
damage to the cab and occupants in case of a massive roof
collapse. O0il contained within the cab cylinder would escape to
the reservoir through a relief valve preset to respond to
excessive cab loading. The cab and occupants would then descend
to the floor, decreasing the cab height relative to the bolter
chassis. Thus, the other chassis structures would carry a
greater portion of the fall load thereby decreasing the
likelihood of severe operator cab deflection and resultant
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injury. 1In this case, the vertical members of the operator cabs
act as columns directly between the floor and roof debris.
Short, heavy columns are very effective at handling compressive
loads.

A large portion of the structure could be acguired for this
concept from existing production equipment. For example, the
entire front end from a Fletcher model DOH could be used which
would include the transverse rail structure with its associated
drives and twin masts, drill chucks and motor package complete
with their rollover structures.

Two areas of it would require rework or alteration. The mast
roll over drive would be utilized with or modified for a 90
degree rotation capability and the forward control area would be
relocated to the two, mid-chassis operator stations, This change
would decrease mast overhang approximately 12-18 inches improving
structural strength. -The mast units would be fitted with rod-
changer style, full length drill and bolt storage carousels which
would remotely feed the drill steels and bolts to the drill
chuck. Full length drill steels and bolts allow bolts to be
installed with lengths up to about 1 foot shorter than seam
height. A logic system similar to that used on the current
Flexible Drill program would be required. However, because of
the use of full length steels and bolts, the logic required will
be simpler and bolt time will be faster.

It can be noted from the vehicle layout (Figure 19} that the
efficient use of space on the chassis and the elmination of long
booms makes the bolter wery short in overall length. This
condition improves maneuverability, machine balance, c¢learance-
related problems and chassis loading.

The detailed design and operating specifications for this
bolter concept are given in Table 18, while the commercial
components utilized are summarized in Table 19.
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Table 18

Desiagn and Operating Specifications for the
Transverse Rail Rib Bolter

General
A. Overall Length eeescvsesnesssssevnveesases 16.5 feet
B. Overall Helght ceecoscececccsncsensesences 5.5 feet
' Overall Width ecececscccssccscscncsacsesesss 8 feet
D. Ground ClearanCe .c.sceceasescssssasesscsaasa B inches
E. Ramp Angle
FIONE cevccaccvcccccsscsssveanvwenssasa 10 degrees
REAY wescecssassncscecvsnscccasasnncnces 20 degrees
F. Operating Seam RANGE sueecsceccsscasssese 6 feet to 9.2 feet
G. BOlt Tength ceeeecncecesnncancnnscseeness U.,5 feet
H. Tarn Capability
Single Pass 909 Turn at 12.35 foot entry width

I. Estimated Weight ...ccescccccccsceaanassaas 23,000 pounds

Performance

A. Tram Spee(i 8 50508 2800 ¢ IRN SO BEINS PG AanNSSOaE 123 FPM
‘ 1.4 MPH

B. MaxXimum Grade ceeuiecescsecensecncansassnaaa 20 Degrees

C. Ground PreSsure ecueeceeeees teccnaccn wesnes 13 psi

A. Cable 440 VAC 3 Phase
B. Horizontal Axis Cable Reel - Power Take Up

C. 100 Horsepower Electric Motor
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Table 18

Design and Operating Specifications for the Transverse

Rail Eib Bolter (Continued)

Tram System

Tires 10.00 - 15 (35.8" 48 x 10.94")

4-wWheel Hydraulic Motor Drive Char-Lynn
4000 series 12 in3/rev.

Planetary Reduction Fairfield S3B
Three Point Suspension -~ Rear Axel Pivot
Rear Wheel Steering

Automatic Parking Brake

Hydraulic System

A. System PYeSSUTE c.cevadecsscnansassancanas 2,000 psi
B. Pumps P R R R R R R R I N I I R R O A i P 2-35 GPM Gear
2-15 GOM Gear
1-15 GPM Gear
Variable Dis-
placement
Piston Pressure
Controlled
C. FilterS seeeecvesccsoncacas easscacan eewe-w Suction 75 Micron
Return 10 Micron
safety Features
A. Canopy Protected Slide Mounted Dual Cabs with
Elevation Control
B. Remote-In~Cab Operation
C. Donaldson Auto Dump Dust Collection System
D. Fire Protection
Fe.

Temporary Roof Support (Local)
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Table 18

Design and Operating Specifications for the Transverse
rail Rib Bolter (Continued)

Special Features

A. Fletcher Dual Masts Slide Transversely
B. Roof Angle and Rib Bolt Capability

C. Compactness

D. Front and Rear Facing Cab Seating

E. Drill Pattern - Along a Transverse Straight
Line up t0o at least 12 feet.

F. Rib Bolts Approximately 36 inches off Floor
if Installed Horizontally
Drill Box
A. Fletcher ....csececases.. Thrust: 1,000 1bs.
Torque: 300 ft-1lbs.

Speed: 580 RPM

Lighting

Shielded Flourescent Light Fixtures as Required -
McJunkin or Equivalent.
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Table 19

Commercial Components Used on the
Transverse Rail Rib Bolter¥

1.0 Rlectric Power

1.1 Electric Motor

westinghouse

- 100 HP

- 1780 RPM

- 4490 VAC, 3 Phase, 60 Hertz
- 113 AMPS

- MESA Certified

1.2 kReel Cable Electric
- Ensign Model No. 5010 2008C2B-000
- Penn. Approved Reel

- XP 1841-0

1.3 Spooler Cable Electric
- lee-Norse

- Part No. 4-008200-300

*All quantities are one per vehicle unless otherwise specified.
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Table 19

Commercial Components Used on the Transverse

Rail Rib Bolter (Continued)

1.4 Cable Electric
- Essex 2-3/C Type G-GC
- 600 v, P 125, MESA or

equivalent

2.0 Bydranlic Power

2.1 Pumps

-~ commercial Shearing

~ 25-15 GPM Tandem with Output Shaft

- P25¥ 178 GI IT17-11 G ABO7-1

2.2 valves:

- Commercial Shearing

- Series A20

3.0 Mechanical Power

3.1 Reel Motor

- Commercial Shearing - Hydraulic Motor

- M25X 995 BE ER20 -~ 25

3.2 Tram Motors, Quantity = 14
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Table 19

Commercial Components Used on the Transverse
Rail Rib Bolter (Continued)

- Char-Lynn Hydraulic Motors
- Series 4000

- Model No. 109 1013

3.3 Tram Speed Reducer, Quantity = 4
- Fairfield Torgue Hub-Planetary
- Model S3B

- Speed Reduction 25:1

3.4 Hydraulic Cylinders
- Martiner Products
- Cab Elevaon Quantity = 4

- Steering
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4.0

5.0

Table 19

Commercial Components Used on the Transverse

5.1

Rail Rib Bolter (Continued)

Mast Units

Fletcher Masts, Quantity = 2

Tiyes

Including DDJ Hydroslide

Transverse Rail System

Optional Heights Collapsed/Max
43763 inches
49775 inches
58793 inches

667110 inches

Mining Service Tires, QOuantity = 4§

Firestone 10.00-15

Overall Diameter - 35.8 inches
Static Load Radius - 16.8 in.
Footprint Area - 79 sq. in.

60 psi Inflation Pressure or

Equivalent
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Table 19

Commercial Components Used on the Transverse
Rail Rib Bolter (Continued)

5.2 Foam Fill
- Firestone SupsReFIL

to 60 psi or equivalent

6.0 Dast Collection

6.1 Air Cleaner

- Donaldson Self Dumping Dust Collector

6.2 Blower, Quantity = 2
- Sutorbilt
- Model No. 3MRB

- Approximately 42 CFM at 6 psi at 1500 RPM
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4.5 Automatic Bolter (Module Concepts)

These bolter concepts use a self contained, fully automatic
pin setting unit that is adapted to a conventional type bolter
chassis. Two such units are currently being developed by Bendix
and IRRI under contracts to the United States Department of
Fnergy. The two major differences between their modules are the
type of bolt which can be installed, and their overall package
dimensions, Bendix's module can install resin bolts while IRRI's
module can install mechanical anchor type bolts. Due to the
availability of the layout drawings for the IRRI module, it was
chosen over the Bendix version. Since IRRI's module proper name
is Mechanical Anchor Bolter Module, the acronym MABM is used in
its place. Conceivably, the bolters could be designed to permit
fast interchanging of bolt modules to allow either resin or
mechanical bolt installation. Unfortunately, the cost of the
modules would prohibit such a scheme.

For the purposes of this discussion, the IRRI bolter module
is depicted as a black box with certain physical dimensions and
external capabilities. A general outline covering the essential
operating features of both systems is presented here to promote
understanding of the following concepts. See Figures 20 and 21
for overall dimensions.

The IRRI MABM system uses segmented drill steel and an
automatic feeder mechanism to drill holes longer than seam
height. It can drill holes 2, 4, 6 or 8 feet deep in the roof of
a coal seam down to a 42 inch seam height. It collapses to 30
inches high for tramming allowing 6 inch clearance at roof and
floor.

The Bendix system utilizes a flexible drill string fed
through the drill chuck to accomplish longer-than-seam-height
drilling. It can drill roof bolt holes up to B feet in length in
seams down to 34 inches in height.

Both of these systems utilize plate magazines and horizontal
bolt magazines to store and automatically feed plates and bolts
to the bolting area. Also, bhoth systems utilize modifications of
the Bendix Bolt Bender to feed bolts up to 8 feet long around a
radius and into a roof bolt hole in the previously mentioned low
seams. On both systems the entire bolting cycle is fully
automatic.
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In view of the low profile of the IRRI module {30 inches)
every attempt was made to utilize the module on a low profile
chassis. Assuming that 6 inches will be required for ground
clearance and that 6 inches will be necessary for roof clearance,
the bolter was designed to operate in a minimum seam thickness of
42 inches. The upper limit of seam height capability is
determined by the module's mast extension to 72 inches.

Drawing on the floating cab designs which have been developed
under Bureau funding, a floating cab design was developed for use
with these concepts. The advantages of this type of cab include
the maximization of operator comfort for a given seam thickness
and the ability of the operator to instantly reposition the cab
for optimum visibility where the seam thickness allows. Thus,
the operator station need not be 30 inches high (thirty inches
plus six inches of ground clearance plus six inches of top
clearance equals 42 inch seam) for a 42 inch seam, but rather in
the worst case where the cab must slide along the ground, a 36
inch high floatng cab would still have 6 inches of top clearance
in that seam. The automatic features of the module will allow
the operator to remain in the cab for both the tramming and
bolting functions.

4.5.1 Automatic Bolter - Dual Boom (MAEM - DE)

The MABM - DB concept, shown in an artist's rendition in
Figure 22, features a crawler-type chassis mounting with dual,
pivotable booms supporting and positioning the bolter modules.
Two remotely located operator stations, mounted in floating cabs,
are provided. Of special note is the capability of the machine
to bolt a full row of bolts without chassis repositioning. A
general dimensional layout of the MABM - DB bolter concept,
showing plan and elevation views is given in Figure 23.

The drill and bolt cycle is expected to reguire 4.5 minutes
which is somewhat long compared to existing bolters. Despite
this long cycle time, it is expected that twin drill heads will
effect a significant increase in production because the fully
automated drill cycle allows one operator to operate both drill
heads which frees the helper to perform supply functions full
time.

The drill heads and bolt storage units are mounted on booms
which swing outboard from the chassis, allowing a full row of
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Artist's Rendition of the Automatic Bolter Dual Bocm (MABM — DB)
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bolts to be installed without moving the chassis. Boom motion is
kinematically determined by a pair of slides, one at the pivot
point providing sump and one oriented transversely near the drill
head. The geometry of the slides allows the path of the drill
centerline to approximate straight line motion perpendicular to
the chassis centerline. Maximum deviation from straight line
motion does not exceed + 0.75 inch over 5 feet of swing. W®When
bolts are to be drilled on four foot centers, a true straight
pattern is achieved. The boom articulation scheme is shown
graphically in Figure 24. :

One major departure from traditional bolter design was
necessitated by allowing the booms to swing. Because of the
length (8 feet) and depth (22.5 inches) of the bolt storage unit,
it was necessary to tram the vehicle on crawlers rather than foam
filled tires in order to maintain the low profile capability of
the modules. Thus, the booms swing out over the crawlers and the
bolter center of gravity is kept within the limits of the
crawlers.

Each IRRI module stores 18 to 25 bolts and 18 plates with
lengths up to 8 feet. Thus, the MABM - DB bolter concept could
theoretically bolt 36 feet of entry placing 4 bolts per row in
rows 4 feet apart. The MABM - SB concept, described in the next
section, would have to be altered to accomodate at least 20
plates in the plate magazine in order to fully bolt the
conventional 20 foot cut most common today.

The design and operating specifications for the MABM - DB
belter vehicle are presented in Table 20, while the commercial
components utilized are summarized in Table 21.
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Table 20

Design and Operating Specifications
for the Automatic Bolter - Dual Boom
{(MABM - DB)

General
Ad overall Length ceeccaceccccosnaassnass 18.5 feet
Be. Overall Height ........;............ 41 inches
C. Ooverall Width .cccevcevccecccemceeveeas 8 feet
D. Ground ClEATANCE csesesssecssessveses 0O inches
E. Ramp Angle
FIONt teeeevancecccnsnneencners O degrees
REAY eveccecacavecncesnasassaaa 5 degrees

F. Operating Seam RANYe .cceccececececese.. U1 inches -
- 72 inches

G. Bolt Length"......'......-'......-... u feet - 8 feet
He Turn Capability
Single Pass 209 Turn at 14.3 foot Entry Width

I. Estimated Weilght .ccveceececaacccneees 36,000 pounds

Performance

A. Tram Speed % aNesssessTsscaRBassEsaas 75 FPM
‘ .38 MPH

B. Maximum Grade ceecesccssasecssecessse 20 Degrees

C- Ground Pressure B eGP U TR ISP RTINS ST PN D 15.6 pSi

Power
Al Cable 440 VAC 3 Phase

B. Horizontal Axis Cable Reel - Power Take Up
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Table 20

Design apd Operating Specificationg for the Automatic Bolter -

C.

Dual Boom (MABM - DB) (Continued)

100 Horsepower Electric Motor

Tram System

A.

B.

Crawlers - 16" wide x 12" high x 72 " cc

4-Wheel Hydraulic Motor Drive Char-Lynn
4000 Series 12 in3/rev.

Planetary Reduction Fairfield S3B
3 Point Suspension ~ Rear Axel Pivot
Rear Wheel Steering

Automatic Parking Brake

Hydraulic System

A. System PreSSUYE aeeacesccscssssasseaas 2,000 psi

B- Pumps 58 % 8 88 ¢ 0P8 6808800 ES OB LG SIS 2—35 GPM Gear
2-9 GPM Gear
1-15 GPM Variable
Displacement
Piston Pressure
Controlled for
Floating Cab

C. FLltersS cccceesavescasscsnsuanasnsss Suction 75 Micron

' Return 10 Micron
D. ResServVOir CApaCity eeeseweewsacnses 150 Gallons
Safety Features
A. Canopy Protected Slide Mounted Cab with
Elevation Control
Be Fully Remote and Automatic In-Cab Operation
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Table 20

Design and Gperating Specifications for the Automatic Bolter -
Dual Boom (MABM - DB) (Continued)

Ce. Auto Dump Dust Collection Donaldson
D. Fire Protection

Ea Temporary Roof Support (Local)

Special Features:

A. Dual Masts Slide for Straight Line Bolting
on 4-foot Centers.

Ba Low Seam Capability (41 inches)
C. Floating Operator Station
Da Bolt Inventéry Capable of Securing 2 20' deep
by 8' wide entries
Drill Box
A IRRI cvevcvevrsccssemssesnssnsessss Thrust 8,000 1lb.

Torque 350 ft-1b.
Speed 300 RPM

Lighting

Use Shielded Floursecent Tube Fixtures as Required -
McJdunckin or Equivalent.
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Table 21

Commercial Components Utilized on the

Automatic Bolter - Dual Boom

{MABM - DB)*

Item No.
1.0 Electric Power
1.1 Electric Motor
- - Westinghouse
- 100 HP
- 1780 RPM

440 vnC, 3 Phase, 60 Hertz
113 AMPS

MESA Certified

1.2 Reel Cable Electric

‘Ensing Model No. 50102Q08C2EB-000

Penn Approved

XP 1841-0

1.3 Spooler Cable Electric

*All quantities are one per vehicle unless otherwise specified.

Lee~Norse

Part No. 4-008200-300
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Table 21

Commercial Components Utilized on the Automatic Bolter -
Dual Boom (MABM - DB} (Continued)

1.4 Cable Electric
- Essex 2-3/C Type G-G¢

- 600 v P125 MESA or equivalent

2.0 Hydraulic Power

2.1 Pumps

- Commercial Shearing

35-15 GPM Tandem with Output Shaft

P25X 178 61 IT17-11 G ABO7-1-BO

i

35-15-15 GPM Triple Tandem

P25X 178 GI IP17-11 C ABO7-1

C ABO7-1

2.2 Valves

- Commercial Shearing

- Series a20

3.0 Mechanical Power

3.1 Reel Motor
- Ccommercial Shearing - Hydraulic Motor

- M25X 995 BE ER20-25
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Table 21

Commercial Components Utilized on the Automatic Bolter -
Dual Boom (MAEM - DE) {Continued)

3.2 Hydraulic Cylinders
- Martiner PRoducts
- Boom Swing Quantity = 2

- Cab Elevation Quantity = 2

4.0 Dust Collection

4.1 Air Cleaner Quantity = 2
- Donaldson XYX00-4032

- 2.4 cu. ft. Capacity

4.2 Blower Quantity = 2
- Sutorbilt
- Model 3MB
- Approximately 42 CFM at 6 psi

at 1500 RPM
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4.5.2 Automatic Bolter - Single Boom (MABM - SB)

Cne major disadvantage with the twin module bolter concept is
its cost. The module itself, because of its mechanical
complexity and degree of automatic control, will be expensive to
manufacturer and maintain. In addition, the crawlers required
for tramming the twin module concept are more expensive than a
wheeled vehicle concept.

As a result, a more economical single module version was
developed. Boom articulation was eliminated, simplifying the
module supports and allowing the chassis to be squirm steered by
a traditional fixed four wheel system. Functionally, the bolter
would tram and bolt in virtually the same manner as current small
bolters except for the time savings developed by eliminating
operator movement between tram and bolt stations. Bolt storage
capabilities will be adequate to secure one full 20 foot 4§ x ¢
pattern cut. An artist's rendition of the MABM - SB bolter
concept is shown in Figure 25. A general dimensional layout of
this bolter concept, showing plan and elevation views, is given
in Figure 26. The detailed design and operating specifications
for this bolter concept are given in Table 22, while the
commercial components utilized are given in Table 23.
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Table 22

Design and Operating Specifications for the
Automatic Bolter - Single Boom
{MABM - SB)

General
A. Overall Length ccescacessccanssnnaa 17.8 feet
B. Overall Height ..ccicucceccnncaana. U1 inches
C. Overall Width ceeecevvecsrosnacaseess 6.5 feet
D. Ground ClearanCe secssessescesseasses 6 inches
E. Ramp Angle
FIONEL aweevevervsevrvecnenneennes D degrees
ROAY eeacsscsscssscsvssnsncssass O degrees
F. Operating Seam RANGE cecececescasasas U1 to 72 inches
G. Bolt Length cecececeaceceaee ceveuvewes U to B feet

He Turn Capability
Single Pass 90° Turn at 11.4 foot Entry Width

I. Estimated Weight .sceecececccsccssess 18,000 pounds

Performance

A. Tram SPGEd LR NN AR RN I N ENREENERENREXNN] 123 FPM
1.4 MPH

B. Maximum Grade ccaccecccsssscsecasas. 20 degrees

C. Ground Pressure eceeceses cessvacneses 78.9 psi

A. Cable 440 VAC 3 Phase
B. Horizontal Axis Cable Reel - Power Take Up

C. 40 Horsepower FElectric Motor
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Table 22

Design and Operating Specifications for the Automatic Bolter -

8ingle Boom (MABM - SB) {Continued)

Tram System

A.

B.

Tires 8.25-15, 33.6" x 9.25"

Four-Wheel Hydraulic Motor Drive Chary-Lynn
4000 Series 12 in3/Rev.

Planetary Reduction Fairfield S3B
Squirm Steering

Automatic Parking Brake

Hydraulic Svstem

A. System PreSSUYrE eecescssccsccsccaee 2,000 psi

Bo PumpS P es s el csaesmetdn astbbobanen e 1"35 GPM Geal‘
1-10 GPM Variable
Displacement
Piston Pressure
Controlled

C. FilterS eececccvasssccccacsnsasnsen Suction 75 Micron
Return 10 Micron

D. ResServoir CapaCity eceeceaececeaw-ae.. 80 Gallons

Safety Features

A. Canopy Protected Slide Mounted Cab with Elevation Control

B. Fully Automatic and Remote In-Can Operation

C. Donaldson Auto Dump Dust Collection System

De Fire Protection

E. Temporary Roof Support (Local)
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Table 22

Design and Operating Specifications for the Automatic Bolter -

Single Boom (MABM - SB) (Continued)

Special Features

A. Compactness - Narrow and Highly Maneuverable
Squirm Steering

B. Floating Operator Station
C. Bolt Inventory Capable of Securing 20' Deep
by 18*' Wide Entry
Drill Box
A‘ IRRI 9P eSS PR SO TS OO P PP SRS Thrust = 8’000 1bs.
Torgue = 350 ft-1bs.
Speed = 300 RPM
Lighting

Use shielded Flourescent Tube Fixtures as Required -
McJunkin or Equivalent
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Table 23

Commercial Components Utilized on the
Automatic Bolter - Single Boom
(MABM - SB)*

1.0 Electric Power

1.1 Electric Motor

Reliance ID No. P326938A

t

49 np

1770 RPM

440 vaC, 3 Phase, 60 Hertz

52.2 AMPS

1.2 Motor Control Box
- Hubbell Ensign Electric Division
- Class 2010 Starter
- Spec. No. 2210-KSD40FX-0002-2A
- Schedule 26 XP 1808-0
- 40 HP

- 440 VAC, 3 Phase, 60 Hertz

1.3 Cable Electric
- USS Tigerbrand Lead Cured

- €600 VvV, 3 Cond, 6 AWG

*All gquantities are one per vehicle unless otherwise specified.

142



Table 23

Commercial Components Uitlized on the Automatic Bolter -
Single Boom (MABM - SB) (Continued)

- Type G-GC, P109 MSHA or egquivalent

1.4 Reel, Cable Electric
- Ensign Model No. 50102008C2B-000
- Penn Approved Reel

- XP 1841-0
1.5 Spooler, Cable Electric
- Lee-Norse Part No. 4-008200-300

or equivalent

2.0 Hydraulic Power Supply

2.1 Pumps
- Commercial Shearing
- 35-35-10 GPM Triple Tandem
- P25X 178 GI IT17-11 TL IT17-1 C

ABO5-1

2.2 Valves

~ Commercial shearing

- Series A20
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Table 23

Commercial Components Uitlized on the Automatic Bolter -
Single Boom (MABM - SB} (Continued)

3.0 Mechanical Power

3.1 Reel Motor
- Commercial Shearing Hydraulic Motor

- M25X 997 BE ER10-30

3.2 Tram Motors, Quantity = 2
- Char-Lynn Hydraulic Motors
- Series #4000

- Model No. 1092 1013

3.3 Tram Speed Reducer Quantity = 2
- Fairfield Torque Hub-Planetary
- Model S3B

- Speed Reduction 25:1

3.4 Hydraulic Cylinders

- Martiner Products

- FRoofa and Floor Jacks

4.0 Tires

4.1 Mining Service Tires Quantity = 4
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Table 23

commercial Components Uitlized on the Automatic Bolter -

5.0

5.2

Single Boom (MABM - SR) {Continued)

Dust

- Firestone - .25«15

- oOverall Diameter = 33.6 in.

- Static Load Radius - 15.7 in.
- Footprint Area = 57 sq. in.

- 65 psi Inflation Pressure or equivalent

Foam Fill

- Firestone SupsReFil

to 65 psi or equivalent

Collection

Air Cleaner
- Donaldson Self Dumping

- Model No. XYX 005109

Blower

- Sutorbilt Calif. Series B

- Model 3 MB

- Approximately 42 CFM at 6 psi

at 1500 RPM
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5.0 SCHEDULE AND COST ESTIMATES

The design cost and schedule of each concept is based on the
engineering effort required to develop each concept. The design
effort would include; 1) a complete package of detajled drawings
sufficient to build parts, standard components and assemble the
prototype unit, and 2) Design calculations, assumptions, stress
calculations on all areas of the prototype vehicle where
calculations are deemed necessary to predict or insure
performance. This body of information will provide a reference
for “how and why" the prototype design evolved, construction
materials selection, and function. It will assist materials
selection and prevent arbitrary changes to the design when such
changes are inconsistent with some factor of the prototype
design.

Since the prototypes fall into three different levels of
development effort, there are 3 different time schedules and
labor costs in the detail design phase.

Group I Concepts, which require significant engineering
effort to optimize the chassis for space and location
considerations, result in an estimated design cost of $264,000
and a nine month design schedule.

Group II Concepts, which require significant engineering
effort to adapt and modify bolt, steel, and plate magazines or
other major mechanisms, result in an estimated design cost of
$294,000 and a ten month design schedule.

Group III Concepts which utilize standard, existing chassis
configurations require a $151,000 dollar design effort and an
eight month design schedule,

The procurement, assembly, and test phase estimate includes
the effort of a program manager and a project engineer to select
qualified suppliers and place purchase orders for all material.
An assembly crew of four is required to assemble and conduct
preliminary testing on the first prototype build. A test crew of
two will be required during the extensive, above ground test of
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the prototype. Any problems revealed during this period will be
corrected.

The program manager and project engineer will perform all
liaison with the Bureau of Mines and prepare a final report
incorporating the entire development history of the prototype
bolter. This labor effort is the same for all three groups of
concepts.

Procurement Assembly and Test Tasks:

Cost Time

Group I Concepts $190,000 19 Months
Group II Concepts £198,000 20 Months
Group III Concepts $174,000 17 Months

Prototype cost estimates are based primarily on the
individual features of each concept and this naturally varies
with each concept. The selling price of standard components was
used whenever applicable, but primarily on the standard chassis
concepts in Group III. Where the chassis are different, but
similar in construction details and size to standard ejuipment
standard costs were multiplied by a "factor" to predict prototype
costs. For the more complex systems utilizing magazines,
handiing arms, logic systems, etc. the cost estimates are based
on current prototype costs for other programs which include
hardware of a similar nature, but projecting the decrease in cost
for quantity production.

These three estimates were then summed to produce the total
development cost and schedule for each concept. The results are
presented in Table 24.

The total development cost for the two concepts using
standard chassis is $396,000 for the transfer bolter - single
boom and $453,000 for the transfer bolter - dual boom. The
development cost for the transfer bolter - single boom (standard
chassis) is 72% of the transfer bolter - single boom (new
chassis), but its estimated selling price is 119% of the transfer
bolter - single boom (new chassis) unit. This situation is
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indicative of the optimization achieved by redesigning the entire
chassis for a specific purpose, but utilizing standard, off-the-
shelf componentrye.

The Transfer Bolter - Dual Boom (standard chassis)
development program cost is 73% of the Transfer Bolter - Dual
Boom (New Chassis) development cost, but its estimated selling
price is 130% of the latter unit. This situation is due to the
less complex construction of the non-swinging transfer bolter -
dual boom machine. The fixed mast chassis feature is very rugged
and compact with high structural integrity. This results in an
inexpensive, but rugged bolter. However, a fixed-boom
configuration might not be as readily accepted by operators used
to the more conventional and versatile transfer bolter - dual
boom (standard chassis).

In general, the other optimized chassis designs are more
expensive than the transfer mechanism bolter concepts because of
increased complexity. Notice that for the single boom concepts
the MABM - SB has the third lowest development cost (3 of 4)
while MABM - DB was the highest (6 of 6). This result is due to
the track mounted feature, the sump, and swing of the MABM -~ DB
all of which do not exist on the single boom MABM - SBR.

The final item on the cost and time estimate chart is the
estimated selling price. This cost evolved by comparing all
single boom machines against the Lee-Norse TDI-36 selling price
and all dual machines against a TDII-43. Since all of these
bolter concepts feature "remote operator control", they will sell
for more than the conventional units. Some of the concepts also
exhibit considerable degrees of automation, adding significantly
to their costs. This is especially true of the MABM concepts
which are fully automatic.

An interesting fact is that one unit is actually priced less
than the standard model; the transfer dual bolter -~ dAual boom
(new chassis) is only 95% of the standard TDII-43. This result
is again due to the structural and spatial efficiency of the non-
swinging, dual bolter chassis of the transfer bolter - dual doom
(new chassis) concept. In general all of the transfer concepts
cost from 1 to 1.3 times the conventional wvehicle.

The remaining wvehicles, in the order of ascending prices,
would include the rod changer-bolt bender at 2.07, the transverse
rail rib bolter at 2.07, the MABM - SB at 2.42 and finally the
MABM - DB at 2.67 times the TDII-43 price.
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Obviously then, the transfer bolters could be considered cost
competitive. The other bolters incorporate increasing degrees of
complexity and provide special features (longer than seam height
bolts, low seam operation, fully automatic bolter). These
features will require additional testing to assure the mine
operators a high degree of reliability.
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6.0 Maneuverability Discussion

6.1 Tire Size Evaluation

L segment of the roof bolter mobility study was devoted to
the selection of tire size - both width and diameter. The tire
selection is often dictated by design such as space encroachment
thus a tire may not exceed a specific width or diameter because
of the wheel clearance.

ILow seam roof bolters will select the lowest profile tire to
minimize tram height.

The most important factors in the selection of tires are
based upon performance, i.e., ground pressure, tire diameter,
ability to transmit drive train torgue. Ground pressure can be
adjusted by both tire width and diameter to achiewve the desired
results.

The tire diameter provides the means of transmitting the
vehicle power to the ground and in addition impacts the ability
of the vehicle to "roll over" obstacles., The tire diameter has
an effect on the probability of a tire slipping while trying to
roll over an obstacle.

Generally 3 conditions result in a vehicle becoming immobile.

1. The vehicle chassis becomes %“grounded"™ on some portion
of the roadway.

2. The vehicle tires slip - the coefficient of traction is

inadequate to supply the force the vehicle requires.

3. The vehicle tram system cannot provide adeguate torgue
to overcome the tram resistance.

For purposes of this evaluation it will be assumed that cases
1 and 3 are unaffected by tire size due to:
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1. Selection of tires with equal footprint areas, and

2. Selection of different final drive gear ratios to
provide equal drawbar pull with either size tire.

Case No. 2 cannot be so easily compensated for. On smooth
surfaces level or inclined the tire diameters perform equally
well. However, on undulating terrain irreqularities such as
potholes, ridges, strips and pieces of debris the larger diameter
does have an advantage. This advantage results when we consider
the effective ramp angle produced as a tire encounters a step in
its roadway.

Figure 27 depicts the relationship between a tire diameter
and the effective ramp angle created by a given step height. 1In
this discussion, deformations of the tire from the unloaded
toroidal shape will be disregarded for simplicity. Consider the
effective ramp angle generated when tires of different diameters
encounter a discontinuity of a fixed height. The smaller
diameter tires generate a larger effective ramp angle for a given
step height. The greater the ramp angle the greater the
resistance to negotiate the step., The effective ramp angle a
tire can climb is limited by stall torque and its coefficient of
traction. Assuming 1. Equal stall torgques for both tire sizes
{which can be accomplished by appropriate gearing), and 2. Egual
coefficients of traction for both ties, the large diameter tire
has an advantage. The larger diameter tire can c¢limb a higher
step height without slipping. Figure 29 plots the variation in
effective ramp angles with step height for 3 tire diameters.

Figure 28 shows how the ability to climb a ramp angle is
limited by the coefficient of traction.

Figure 30 indicates the maximum step heights that 3 tire
diameters could climb for different coefficients of traction.

Notice that at uT = 0.3 the 36" diameter tire can climb a
0.76 inch step while the 24 inch diameter tire can climb a 0.51
inch step. This is a 50% greater step height. uT = 0.3 is a
condition approximating loose wet clay which is the ground
condition found in many mines where tire slip occurs frequently.

The apparently low values of step height may require some
explanation. They relate to one tire only. Thus, when applied
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Figure 29: Bump Height vs. Effective Ramp Angle for
Various Tire Diameters
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to a four wheel machine all four tires would have to
simultaneously encounter this step height before the vehicle
would be stalled. Thus, in the general f4-wheel drive vehicle
case sufficient step to cause one wheel slip might have to be
almost 4 times as high as this one wheel step indicated. 1In
addition, the effect of vehicle momentum has been discounted in
this example.

For these reasons it was decided to use the largest tire
diameters compatable with the minimum operating seam height of
the bolter, on each concept. This decision was of course
tempered with cost, availability and other space considerations.

6.2 Turning Studies

During the field studies many field personnel expressed the
opinion that mining equipment is getting much too large. The
major source of concern is the difficulty in maneuvering the
equipment through the low narrow mine passages. While reviewing
equipment specifications, it was noted that eguipment
manufacturers do not provide meaningful turning specifications.
Some provide a turn radius for steered wheel wvehicles. Most
squirm machines provide no turning information. Layout studies
of how various vehicles can turn a corner have led us to develop
"a useful performance specification which relates simply to the
ability of a vehicle to turn a 909 angle in a narrow passage.
This turn must be accomplished in one pass - without a change of
direction. The parameter quoted is the "one pass 90° turn entry
width", It assumes equal widths for entry and crosscut. It also
assumes square corners and that the corner is not yet a 3 or 4
way intersection. This is the turning performance parameter we
have quoted on the performance specifications in this report.

It should be noted that:

1. Many vehicles can perform a single pass 90¢ turn in
smaller entries at a 4-way intersection and

2. In general, vehicles can turn in even narrower entries
by using several changes of direction. This maneuver is
time consuming and does additional damage to the mine
floor. The absolute minimum width will also demand
considerable operator skill and patience. As such, the
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absolute minimum mine entry turn width is not a good
parameter for the nominal turn specification.

consider an example case, the transfer bolter-dual boom (new
Chassis). See Figure 31 for reference. Figure 31 shows that an
inside wheel pivot angle of 40° was selected for this concept.
This selection results in a turn radius of 9.6 feet and a one
pass 90° turn entry width of 12.8 feet. It can be ovserved from
Figure 31 that a much smaller turning radius will result if the
inside wheel pivot angle is increased. In fact, it appears that
the turn radius could be as small as half the front wheel track.
Figure 32 has been constructed to show this condition. Notice
the inside wheel pivot angle is now 80 degrees. The turn radius
has decreased from 8.5' to 2.9'. However, the one pass 20° turn
entry width has increased from 12.8 to 14.6 feet.

Figure 33 plots the variations of turn radius and "one pass
90° turn entry width" versus inside wheel turn angle in degrees.
Note that a Yone pass 90° turn entry width" reaches a minimum at
a turn radius of about 9.6 feet which occurs at 40° inside wheel
angle.

Figqures 34 and 35 show similar turn studies for sguirm steer
4 wheel vehicles and track mounted vehicles,

Comparison turn studies were made for all of the concept
bolters and several commercial bolters. This information is
summarized in Figqure 36 and Table 25.

6.3 Ground Clearance

Figure 37 and Table 26 compare ground clearances for various
vehicles in addition to the concept vehicles.
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Figure 33:
Variation of Turn Ardius and Minimum Entry Width for Single Pass 90°
Tum as a Function of Inside Rear Wheel Tumm 2ngle in Degrees
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Force Resisting Progress Up
Ramp D
Weight W
Normal Torce
N
Frictional Torce = Af x N
Ramp Angle Horizontal
Reference Line
Wheel Slips Down Ramp When
D 2 pf N
N = D = tana
N
Af o Degrees % Grade
g 5.72 19
.2 11,32 20
.3 16.70 30
U 21.8 40
.b 26,57 50
.b 30.97 60
.7 34.98 70
Figure 78 .8 38.67 80
Coefficient of Friction vs. g 41,98 a0
Maximum Climbable Ramp Angle ' '
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