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INTEGRATED COMPARTMENT-MACHINE DESIGN FOR LOW-COAL
SHUTTLE CARS

ABSTRACT

By John R. Bartels,1 August J. Kwitowskl,1 and Wiliam D. Mayercheck2

Thi Bureau of Mies report describes the development of a preliinar design for a novel, protected,
cab-shuttle ca for use in workig seam heigts down to 40 in. Because of the severe restrictions
imposed by low-coal operation, Mine Safety and Hçalth Admintration (MSHA) reguations only requie
caopy protection on shuttle cas operati in seam heights of 42 in or greater. MSHA routiely grants
varances for caopy use in seams 48 in high or less. The design was generated by givig the operator
needs equal priority as related to mache performance parameters. Cab-shuttle ca concepts that led
to the recommended design are described, along with criteria and testin used to evaluate their potential
effectiveness.

lCivil engineer.
2Supervsory physical scientist.

Pittsburg Resarch Center, Bureu of Mines, Pittsburg, PA.
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INTRODUCTION

Cabs and caopies instaled on underground coal
ming face equipment in use on high-coal equipment have
establihed an impressve record of preventi fatal and
nonfatal operator injures. MSHA estiates that from
Januar 1974 though December 1985, the protectve
structures kept 233 lives from bein lost as a result of roof
fal (2).3 Unfortately, the succssfu application of cabs

and caopies ha ocured alost exclusively in relatively
high coal seams. A 1982 surey showed that for workig
heights below 48 in, only 27 pct of al face equipment had
protective operator structures. For workig heights below
42 in, the percentage of equipment with cabs and caopies
dropped to 2 pet (3).

Whe the avaibilty of protection in workig heights
below 48 in is low, the need for protection is high. For the
2 yr period 1980 through 1981, there were a total of 2,212
fatal and nonfatal equipment accidents in worki heights
below 48 in. It was estiated that 71 pe of these
accdents could have been prevented had protective
structures been employed (3).

A problem with tryg to provide workable cabs and

caopies for face equipment used in seam heights below

48 in relates to simple geometr. Insufficient space exits
to (1) have the mache perform its intended fuctions,
(2) station an operator and the controls, (3) insure
adequate operator vision to key points on the mache and
in the mine, (4) provide sufcient operator comfort for

protracted work periods, and (5) provide structures that
both protect the operator and do not signcatly interfere

with other requiements. The issue of protecting shuttle
ca operators from hazds becomes increasingly dicult
with decreasin worki height.

Underground face equipment, such as continuous
miners, roof bolters, face drs, etc., is usualy much easier
to equip with protective operator cabs than shuttle cas.

These tys of face equipment perform their fuctions
primary at one loction; e.g., a continuous miner extracts
coal at the face, while, because of its fuction, a shuttle ca

frequently travels through the workig section. The tram
rates of shuttle cas are also signcatly higher than those
of other face equipment. Curent shuttle ca design tend
to maxiz tram clearances for tight spots in mine
workigs.

The requirement for tram clearance is opposed by a
primar goal in the shuttle ca design - maxiz the
amount of cut coal transported from the face. An
unfortunate effect is that space that should be used for
operator, the controls, and a protective structure is
sacrced for increased coal capacity and tram clearance.
Classic shuttle car design philosophy has provided for
operator needs as a secondar consideration, which
partialy explais the liited success acheved over decades

in developing adequate protective cabs for thi-seam
shuttle cas.

PROJECT EXECUTION

The faiure of past design methods to produce adequate
th-seam shuttle ca cabs required that a fresh approach
be taken. Thus, the objective of ths project was to
develop an acceptable cab-shuttle ca design by givig the

operator's needs equal priority as related to classic design
criteria. Although the resulting design could have

diinshed performance specications compared with
present designs, a suitable compromise was achieved
among operator safety, coal-cag capacity, and
maneuverabilty.

A wide varety of ideas and inuences were considered
to generate cab-shuttle ca concepts and gude the

progression of the project. Therefore, a project advisory

committee was formed of Bureau and MSHA personneL.
MSHA participation ensured contributions to the project
and updated the agency on developments of interest.

The adviory committee fuctions were to formulate
criteria for evaluating the acceptabilty of cab-shuttle ca
concepts; conceive cab-shuttle ca concepts; evaluate,

refme, and eliminate concepts; and make recommendations
for future project efforts.

EVALUATION CRITERIA

An intial task was the formulation of criteria for
gausg the accptabilty of cab-shuttle ca concepts. Two
classes of criteria were developed: those considered

mandatory--not meetig them would cause a concept to be
rejected outright; and those considered desirable--concepts
includig them would be ranked higher than those that did
not.

31talic numbers in parenthese refer to items in the list of references

at the end of this report.

Mandatory criteria were
1. The cab should employ protective operator

structures; this includes protection from ground fals and
the miniiztion of pinching and squeezig-tye accidents,

which are the most common in thi-seam shuttle ca
haulage (3).

2. The cab-shuttle ca should be maneuverable in

workings havig tyica dimensions for thi-seam room-

and-pilar mining.
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3. The operator should have adequate field of vision to
key points on the machie and in the mine.

4. The operator should be provided a comfortable

workig position.
5. Other section workers should not be endangered by

haulage vehicle operation.

6. Cab ingress and egress should be reasonable.
7. The cab-shuttle ca should be usable in workig

heights down to 40 in.

The decision was made to target a 4O-in working height
for the cab-shuttle car design, based on the followig
factors:

A. For the development to be viewed as signcat, it

should be applicable below the current 42-in liit where

Federal reguations mandate cabs and canopies.
B. Present industry practice considers 36-in workig

heights as the low cutoff point for batch.tye haulage;

lower height mines generally use continuous haulage.

C. Previous studies showed a general dislie for low-
height operating positions other than the semireclied,
which is usable down to about 40 in for high-speed face
equipment (4).

D. The development effort could be approached with a
reasonable degree of confdence for a successfu outcome.

Desirable criteria included

1. Idealy the operator should not be required to

change seat positions depending upon the travel diection.
In low workig heights, changing seats is currently the only
successful method of obtaing vision in both travel

3)
diections. However, the procedure is cumbersome,
awkward, time consuming, and exposes the operator to
additional hazds.

2. Cab concepts should be as compatible as possible
with commercialy avaiable shuttle cas.

3. Cab concepts should be adaptable to haulage
vehicles other than shuttle cas.

4. Electronic sensory aids should be employed, but

kept as simple as possible. For example, a closed-cicuit

televiion system (CCTS) could provide inormation on
blid spots not withi the operator's lie of sight.

5. The operator should be provided an indication of
obstacles in the vehicle path.

6. For cab designs where it is necessar for the
operator to change seat positions according to the travel
diection, the controls should be minatured to the point
of being a hand-held module. The module should be
connected to machine actuators through either a tethered
or radio remote control li. Ths would eliinate the
need for two separate control panels

7. The resulting design should be cost effective.
8. The controls and cab layout should give the operator

a feeling of confdence, alow easy operation, and provide
a natural control sequence.

9. The complexity of the design should be minizd
to reduce maintenance frequency.

10. Floating cabs should be utilizd. Past Bureau
projects (1, 3-4) indicated that floating cabs generaly
provide more operator space than traditional fixed cabs.

CAB-SHUTTLE CAR CONCEPTS

Cab-shuttle ca concepts were generated at monthly

meetings held by the advisory committee, and were quickly
critiqued through open discussions. Those concepts that
survved the oral dicussion stage were tranlated into
sketches and/or scale drawings. Most drawigs referenced
concepts to the outline of a National Mine Servce4 model
MC2 shuttle ca in a tyical 4O-in workig height entry;
this was considered tyica of the 1,839 shuttle cas

currently in use in coal seams under 48 in. At subsequent
meetings, the concepts underwent further evaluation,
discussion, and refinement. Many concepts were
eliinated through this process; other new ideas were

conceived and entered the system.

The generated concepts fell into five general cab-shuttle
car configuation:

4Reference to spific proucts does not imply endorsment by the
Bureau of Mines.

1. Traverse, center-driven cab: The operator cab is
situated perpendicular to the longtudinal axs of the

haulage vehicle, midway between its ends. An advantage
is that the operator would not have to change seat

positions when the travel direction changes. Disadvantages
include that the cab would decrease the coal-cang
capacity and the operator would not have excellent field of
vision in either direction of travel.

2. Paralel, end-driven cab: The operator cab is situated

parallel to the longitudinal ax of the haulage vehicle,

close to one end of the machine. Assuming the operator
changes seat positions depending on travel diection, thi

configuration would provide the operator with very good
direct vision in one travel diection, but poor direct vision
in the opposite direction. Assuming the operator remai
in one seat position for both travel diections an
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automated steering system or the abilty to steer the
vehicle from sensory input devices would be requied.

3. Paralel, center-driven cab: The operator cab is

situated paralel to the longitudial ax of the haulage

vehicle, midway between its ends. Assuming that the
operator changes seat positions with travel diection and
the cab width could be approxiately 10 in greater than a
standard cab, viibilty along the side of the machie could
be adequate, but somewhat impeded by machiery in the
field of view. When considering a design where the
operator sits in only one position, diect visibilty in one
travel diection would be nonexistent, requiing the
addition of remote sensory and/or automated steering
systems.

4. Tranverse, end-driven cab: The operator cab is

positioned at an end of the vehicle, perpendicular to the

longitudinal axs of the mache. An advantage is that the
operator would have extremely good field of vision when
tramming to the dump site and restricted, but adequate,
field of vision in the opposite tram diection. Perceived
problems included a sigficat loss of coal-cag
capacity, potential roofmg-out problems, and the cab and
chai conveyor mechansm competing for the same space.

5. Cross-car, end-mounted cab: The operator is
positioned across the end of the vehicle, perpendicular to
the longitudial ax of the chai conveyor. This
arrangement would give the operator unobstructed vision
when tramming to the dump site and very good vision
down the empty conveyor when tramming to the face. The
mai disadvantage appeared to be increased complexity of
operation when unoading coal.

DETERMINATION OF REMOTE VISION LIMITATIONS

The committee intially considered cab-shuttle car
concepts using conventional paralel, center-driven and

paralel, end-driven cab placements. Exploration of these

concepts readily revealed a primary objection to the use of
protective cabs in low coal- the problem of direct operator
vision to key reference points.

If the desirable feature of maintaiing the operator in
one seat position is assumed, both versions of parallel cabs
considered do not alow the operator diect vision in one
travel diection. A simple ccrs was proposed to provide

the operator with viual input from the blind travel
diection.

A quick experient was conducted to estimate an
operator's ability to steer a vehicle using only ccrs vision.
The experiment utiled available closed-circuit video
equipment and a battery-powered vehicle; it took place on
vacat roadways at the Bureau's Pittsburgh (PA) Research
Center. A camera transmitted a forward view, in the
travel diection, to a video monitor placed in front of the
driver. A shroud prevented diect forward vision. Five

diferent drivers attempted to negotiate straight and cured
road sections using only visual inormation from the
monitor. The results of the expriment were not
favorable. The consensus was that satisfactory movement

in a desired path required great concentration and could
be achieved only if an object was present to sight along,
such as a curb. Poor performance using the video system
was attributed to the lack of depth perception and

diferences in field and angle of view between a person's
eyes and the camera lens.

This experiment was conducted with the drivers tryg

to maneuver the vehicle while facing the travel direction.
For the concept to be usable with the cabs, the operator
would need to maneuver the vehicle whie facing in the
direction opposite of travel, further decreasing the

lielihood of success.

The negative experiment results led to the followig
conclusions on design options related to parallel-oriented
cabs:

1. The operator must switch seat positions, depending
upon travel direction, which is undesirable.

2. If the same seat position is maintained, steering the

vehicle in one travel direction requires additional sensory
input to supplement televised views, such as obstacle
detectors, and distance-alignment sensors, and/or that an
automatic or semiautomatic steering system be employed.

DISCUSSION OF CONCEPTS

Although the cross-car, end-mounted cab configuration
intially appeared to present inherent, insurmountable

problems, a variation of it was ultimately selected for the
recommended cab-shuttle car design. The followig
discussion detais specifc ideas considered for the five
general cab-shuttle ca configurations, reasons for
dismissing or not selecting the concepts, and the
preliminary design of the selected configuration.

1. Transverse, center-driven cab: This configuation
was successful on a shuttle ca used in high seams (5) and
intialy apgeared promising for thin-seam application.

However, drawig the concept to scae revealed there was
insuffcient vertica space for it to be used in a 4O-In

working height. The basic problem was that the operator's
feet must extend under the conveyor, using 18 in of vertical
space, and the remaining space was insuffcient for the
conveyor and machine-to-roof clearances~ The concept

was eliminated on these grounds.
2. Paralel, end-driven cab: Two concepts were

proposed and evaluated for this cab-shuttle car
configuration: A, the operator changing seat positions
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FIGURE 1.-Parallel end-crlven shute car.

dependig on travel diection (fig. 1), and B, the operator
maitaig one seat position.

A. The first concept would provide the operator
with very good diect vision in the travel diection away
from the mache. Travel in the opposite diection would
requie major changes to the classica layout of shuttle ca
subsystems for increased diect vision an.d p~obably

necessitate that CCTS's be employed to provide views to
blid spots.

B. Because of the results of the remote vision
experiment, the second concept would requie additional
sensory input supplement televied views and/or an

automatic or semiautomatic steering system. As neither
concept appeared particularly attractive, they were not
taken beyond the discussion stage.

3. Paralel, center-driven cab: The center-driven

concepts (fig. 2) did not impose length restrictions on the
cab, thus providig the potential for ~axum operator
comfort. Two concepts on opposite ends of the
technological spectrum were considered for ths cab-shuttle
ca confguation.

A. The low-technology concept requied that (1) the
operator switch seat positions dependig on the travel
diection, (2) the cab width be approxiately 10 in gre~ter
than curent practice, (3) the normal layout of vehicle
subsystems undergo sigcat changes to increase
operator vibilty, and (4) CCTS's be employed. to improve
viibilty of otherwe blid areas. It was decided not to

proceed with the development of thi cab as it met few of

the desired design crteria and did not appear applicable

to a large cross section of the haulage vehicle population.

B. The hi-technology cab concept included the
followi design features:

1. The operator would sit in one position only,
regardless of travel diection, and be provided a positive
indication of the curent tram diection.

2. It would be a generic box, adaptable to a

wide range of currently manufactured haulage vehicles.

3. An updated version of the automatic steering
technology developed by the Bureau would be employed
(~). Ths subsystem would output to a diplay of the
vehicle's position relative to ideald paths for both
straitaway tramming and the turnig of crosscuts. The
steerig system could be placed in either manual or

automatic mode.
4. Wide-angie-view CCTS's would be used,

providig the operator with views of obstacles in the
vehicle path.

5. Electronic rangefinder unts would be placed

on both ends of the vehicle and would output to a cab
diplay the ditances between the vehicle and objects in the
vehicle path.

6. If possible, machie controls would be
designed to be detachable from the boy of the haulage
vehicle. During emergency situations, ths would alow
remote, withi-sight control.
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FIGURE 2.-Parallel center-drlven shut car.

The concept met many of the desired crtena includig

the capabilty of bein placed on many cuently
manufactued haulage vehicles or completely new desig.

Concept diadvantages included that it would be

electonicay complex, requig an updted version of the
automatic-steeri technology, wide-ane-view CCl's to
provide the operator views of obstacles in the vehicle path,
and electronic ranefider unts to indicate ditance to

objects. However, the mai concern was the unproven

abilty of an operator to maneuver the mache, with no
diect viion, when traveli in the diecton opposite from

the faced position.
It was concluded that althoug the high-techolog

concept did offer merit, it would be best pursued as a
separate, futue project.

4. Tranverse, end-drven cab: Th concept (fig. 3)
worked well on hier seam vehicles because the operator
was able to tram in both diectons without changi seat
positions. However, th confation posed several
serious problems for low-seam applications:

1. The coal-caryg capacity of the shuttle ca
would be decreased because the operator's legs requie

18 in of space under the conveyor; and, compared to

conventional desig the cab would extend an additional
10 in beyond the mache frame, requig narower cas
for adequate maneuverabilty.

2. Field would be por when tramming to the

face, requi the application of complex remote sensory

input devices and ccrs's.

3. There would be the possibilty of roofi and
ribbin problems due to the cab position on the vehicle.

5. Cross-ca, end-mounted cab: Thee cab-shuttle ca
concepts were conceived and dicued for thi
confation. The thid concept was ultiately selected

as the recommended concept. Al the ideas positioned
the cab across the end of the vehicle, with the longitudial
ax of the conveyor intersecting the operator's body and

the operator's head positioned for adequate viion down
the chai conveyor trough.

A. The fist concept positioned the cab at the

vehicle dump end, outboard of the conveyor drve
structure. The coal would be dischaged using a side-
dump aranement.

Advantages of the side discharge confguration included

1. The operator would have excellent, diect
viion when travelig to the dump point. Because no coal

would be on board, diect viion should be adequate when
travelig to the face.

2. The addition of electronic subsystems,

includig ccrs's, could prove desirable, but would not be

an absolute necessity.

3. Because of the cab loction, vehicles with
cabs wider than what would normaly fit withi the entry
diensions could be accmmodated. Thus, the loss of
coal-cag capacity resultin from the instalation of the
side-dump mechanm could be miniizd or eliinated.
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4. Completely new vehicles probably would not
be requied to accmmodate the cabs; modcation to
exitig vehicles might sufce.

Disadvantages identifed specic to the side-dicharge

confation included

1. The cab would have to be attached to the
vehicle mai frame by a catilevered I-beam approxiately
11 ft long and 10 in deep.

2. Because the cab would be attached to the
vehicle, the abilty of the cab to tolerate side loadigs
would be decreased.

3. A floating cab could not be utild, resulting

in a smal interior space (fitting a 95th percentie male
would be very dicult).

4. The side discharge would requie a complex

boom mechanm involvi movig slides and other
apparatus.

5. The overal vehicle lengh would increase

approxiately 40 in and the concept could be used only on

vehicles havig chai conveyors at least 56 in wide.

6. The operator could be exposed to sigcat

amounts of dust and noise durg the coal dicharge
process.

The. diadvantages were of such magntude that this
concept was eliinated from futher consideration.

B. The second concept would alo position the cab
across the normal boom end of the mache but would
eliinate the boom and shorten the conveyor 'to permit a

bottom-dump arrangement. Th would greatly simpli
the cab mounti (fig. 4).

Specic advantages defied for the bottom dicharge
confguration were that

1. A semifoating cab attachment desig could

be employed which would provide ample interior space for
a wide range of operator sizes.

2. A coal discharge bom would not be
necessar, which would decrease design complexity and

miniz decreased coal-caryg capacity.
3. The operator would have excellent diect

viion when travelig to the dump point. Because no coal

would be on board, diect viion should be adequate when
travelig to the face.

. . 4. The addition of electronic subsystems,
mcludig CCTS's, could prove desirable, but would not be
an absolute necessity.

5. Because of the cab loction, vehicles with
cabs wider than what would normaly fit withi the entry
diensions could be accommodate. Thus, the loss of coal-
cary capacity, created by shortenig the conveyor to

accmmodate the bottom discharge, could be minized
or eliinated.

7
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6. Completely new vehicles probably would not
be requied to accmmodte the cabs; modcation to
exiti vehicles migt sufce.

Disadvantages identied specic to the bottom
dicharge confation included

1. The secon dump point would have to be
sicatly moded, either by placig the belt or feeder-
breaker below ground level or requiin the vehicle to go
up a ramp (tak an additiona112 in of top would be
necessar).

2. The chai conveyor drve motor would have

to be relocted.
3. If a ramp was not used, an additional

speciald loadig machie could be requied.
Disadvantages common to both the side- and bottom-

dicharge confations, SA and 5B, included

1. The overal vehicle length would increase

approxiately 40 in.
2. Operators could be vuerable to injur from

obstacle collions beus of the end-mounted cabs.
However, the excellent diect vion provided should

enable operators to avoid obstacles.

3. The concepts would be liited for use on

vehicles havig chai conveyors at least 56 in wide.

ai -.96

Feeder - breaker 32"

I

(0 0)
al.

4. The operator could be exposed to signcat

amounts of dust and noise durg the coal dicharge
procss.

5. A potential problem exited in tle operator
bein able to see the coal discharged from the miner.

Asistance from the miner helper or augmented viion

could be requied.

At thi point, the bottom dicharge confguation, 5B,
appeared the most attractive of al the concepts
consdered. It seemed capable of meeting al of the
mandatory design criteria and most of the desirable
crteria, includig that the operator not switch seat

positions dependin on travel diection. The concept's
priar diadvantage was that the dump point site would

requie extensive modcations.
As a result of a wooen mockup fabrication of the cab

and preparation-evaluation of scae drawigs of moded
dump sites, a thd concept based on the cross-ca, end-
mounted confguation was developed. Th concept, 5C,
positioned the cab across what would be the load end of
a conventional shuttle ca, opposite the dicharge boom
(fig. 5). As for the previous concepts, the operator's head
was positioned to maintai goo diect viion throug the

conveyor trough when travelig empty. The idea was to

employ the same vehicle end for both coal loadi and

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle



~
307'

110' lOB"

I

B9' 36'1
I

i II r i I \ i
:

I

I
Tram molar

I
Coble reel 1

I

T'
B4'

Conveyor mOlor Pump motor Power box Tram mOlor

I I I II

Boom
end

e-3:~--
;x '" -* ¿, "" X ?/ X y( "z "X ,, A '" )( 'A * ,( )¡ x '"

-,
s

¡

36- i
, 40'
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unoadi. Thi concept requied no major modcations
to either the shutte ca or the dump site.

Previous Bureau progams had proved mocup
fabrications to be valuable tools in evaluatin and refig
cab and caopy designs prior to fu-sce fabrication.
Once the cross-cab, end-mounted cab concept was
determed to be feasble, detaied drawigs were prepared
that alowed the constrction of a wooen mocup cab
fabrication to be used with the bottom-dicharge

confation, SB. Because an FMC model 6L shuttle ca

was avaiable and had a conveyor of sufcient
width to accmmodate the cab, it was used for the
evaluation.

The 6L shuttle ca is intended for us in worki
heigts hier than the 4O-in target heigt set for the cab

development. Therefore, the mockp cab fabrication was
sied to fit the shuttle ca. However, ths did not decrease
the utity of the mocup in determing that the concept
was feasible; it showed there was ample operator space m
the cab and indicated that diect viion was even better

than had been assumed.

The concept maitaied al of the advantages of its
predecessors and provided additional advantages.

1. A semifoati cab attachent desig was
employed, which provided ample interior space for a wide
rane of operator sizs.

2. The operator would have excellent diect
vion when traveli to the dump point. Because no coal

would be on board, diect viion down the empty conveyor

should be adequate when travelig to the face.

3. The addition of electronic subsystems,
includi video monitors, proved desirable, but would not

be an absolute necesity.
4. Completely new vehicles probably would not

be requied to accmmodte the cabs; modcation to
exiti vehicles migt sufce.

S. The concept could be. readiy adapted to
many exiti shuttle cas with only lited modications.
Exples would be the National Mine Servce (EIMCO)
MC 28 and the FMC 5L shuttle cas.

6. Exure to dust and noise problems durg
coal dicharge would be eliinated.

7. No modcations to the off-loadi site would
be requied.

8. The shuttle ca could have increased coal-

cag capacity, compared with current designs, ~ince
eliinatin the cab on the side of the ca would permit the

use of wider cas in the same siz entr.

Only two potential didvantages were identifed for the
concept

1. The operator would have liited diect vion

for determin the si of the coal pile as the ming
mache loads the ca. However, tests us a mocup of
the cab were conducted and showed that the diect viion

could be easily augmented thoug the use of ccrs's.

2. The operator must tu the vehicle and then

travel to the dump site with liited diect viion. Th alo

9 ('
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should not be a big problem, since the requied travel
distance would be very short (e.g., 15 ft).

In order to determine if these two problems could be
overC?me though the use of remote viion assist, a quick
expnment was performed to determe the suitabilty of
thi techque. The wooen cab mockup was placed
adjacent to the FMC 6L shuttle ca. A video caera
aied at the front of the ca was lied to a video monitor

mounted inide the cab. An operator was placed inside
the cab and watched the monitor as coal was loaded into
the shuttle ca with a conveyor (fig. 6). The operator had
no trouble determing when the coal pile was high
enoug to be moved. From thi expriment, it was
determined that the concept with the auxar CCTS
would be a workable design.

DESIGN CONSIDERATIONS

During the predesig stage of the compartment-
machie development, the basic operational requiements
were defied. Tasks that the machie must be able to

perform were analyzd in relationship to their importance
in completig a duty cycle mission. The design was

considered to be a total systems program to be pursued
systematicay. Components were not designed in terms of
their individual fuction but rather in terms of their impact
on the entire system, which include the needs of the

machie, the needs of the operator compartment, and the
needs of the operator. System requiements were dermed
in terms of operational requiements, functions requied to
complete each duty cycle, performance requiements for
each fuction, and the relationship between the equipment
and operator needs.

The design requiements were broken into separate
categories. The mandate of the project, to give at least
equal consideration to the needs of the operator and the
mache requiements, was maitaied at al times

thoughout. the desig process.

The followi factors were determined important for
the operator to safely complete a duty cycle:

1. The priar consideration was that the operator

always be protected from accidents and possible injury.
The operator comparment caopy should be substantial
and locted to protect the operator from fals of roof and
rib. Additionaly, the compartment itself should be
designed to prevent the operator from leang out and
being pinched or pined between the. machie frame and
the roof or rib.

2. The operator should have adequate diect viion to

essential elements. The major complait about low-coal
caopies is the severe restrictions they impose on operator
field of view. Therefore, a servceable design must insure
optium field of view in an envionment that inerently
restricts it. Operator viual requiements were broken
down on a task-by-task basis. For exaple, during
tramming, the operator must be able to ascertai the
relative position of the shuttle ca in the roadway, the
machie velocity, and the relative location of the machie
in the mine. Dur loadi, the operator must determine

the rate that coal flows from the tai bom of the miner,
the relative positions of the shuttle ca and the ming
mache, the height of the tai boom, and the position and
heigt of the coal load on the shuttle ca. During
dumping, the operator must determine the status of the
dump site, the position of the machie relative to the

dump site, the position of the coal load on the vehicle, and
the height of the tai boom. Finaly, the operator must
always be able to determine the location of obstacles
hazds, and other mine personnel. '

3. The control design layout must be logica and meet

behavioral expectations of the operator. Control systems
that are radicaly dierent from what people are used to

or expct tend to induce operator error and confion.
Controls should meet the requiements outlied in Society
of Automotive Engieers (SAE) XJ1314 "Human Factors
Design Guidelies For Underground Ming Equipment"
(table 1). These same considerations should be given to
auxar visual displays, auditory diplays, and other
sensory input devices.

4. Operator comfort must be a priar consideration

in order to prevent fatigue and the resultin lack. of
attention to the job and its inerent dangers. The
operator must have adequate room so as not to be
cramped and confned. This requies a wide enough
compartment so the operator does not feel restrained.
Additionaly, as the caopy height becomes lower, the
compartment must become increasingly longer to
accommodate the operator.

5. The operator seat must provide operator
comfort and prevent fatigue. Most origial equipment

manufacturer low-coal shuttle car seating is inadequate.
proper seating should be padded and equipped with an
adjustable back (with lumbar support) and an adjustable
head rest. Specic requiements. are that 5th percentile
female though 95th percentile male operators see over the
top of the machie frame, and, the seat width be adequate
for the 95th percentile male (fig. 7).

6. The compartment design should not impee
operator ingress and egress. Openigs must be free of
obstacles that may snag the operator's belt, cap-lamp
battery, and self-rescuer. Two important design features
ca be employed to aid the operator. On.e is to use as
many handrails and handholds as are feasible to faciltate
quick and smooth ingress-egress. Another important
design consideration involves alternative exits. There are
situations when the operator must exit in a hur (e.g.,
roof fals, fire, inundation, etc.). If the mai egress route
from the machine is blocked, there should be an
alternative way out. This alternative escape openi
should measure, at a minum, 18 by 30 in.
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FIGURE 6.-Vl.lon....I.t te.t.
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TABLE 1.- Recmended eøol motons

Contrl deVie Mon and respose

Foot pedais ...... Push to-
Acivate.
Aclerate (forward).
Apply brakes.
Turn on or off.
Engage a function.

Release to-

Deactivate.
Decelerate.
Releas.
Disengage.

Levers .......... Push to-
Moe forward.
Increas.
Loer.
Acvate.

Pull to-

Stp.
Move backwards.
Brake.
Raise.

Push buttons . . . . . . Push to engage-disengage.

Rotary switches ... Turn clockwise to increase.

Toggle switches . . . Push up to-
Selec a function.
Acivate.
Push down to deactivate.

Emergency cutoff. . Push to deactivate.
.

Cranks orwheel$ . . Turn (clockwise) to-
Start.
Increase speed.
Turn right.

7. Where necesar, auxliar sensory inputs to the
operator should be provided. Because of the extemely
confined space in a low-coal operator comparment, it is .
highy unlely that an operator ca diectly perceive al of
the inormation desired to safely control the vehicle
operation. For maxum effciency, the operator should
have diect vision to as many important visual attention
loctions as possible. Auxary sensory inputs should

provide the operator inormation on blid spots that
caot be diectly viewed or otherwse perceived.

8. The operator compartment-shuttle ca must be
designed for the extremes rather than the average

operator. Effcient operation requies that each operator

be perfectly positioned, alowing performance of the
requied tasks with a minum of stress. To
accmmodate the majority of users, a good design provides
adequate space for a comfortable operatig position and

places controls with easy reach for a 6-ft 3-in male
dressed in min clothes with hardhat, caplamp, and self-
rescuer.

The requiements lor . the machie to successfully

complete its mission duty cycle require equal
consideration. Any design would be useless if the primary

Dimensions, In

5th-percentile 95th-percenti Ie
female male

I Shoulder height 19.7 25.7
2 Eye-to-helmet top 6.0 6.5
.3 Forearm - hand length 15.3 20.2
4 Buttock - knee length 20.5 25.9
5 Buttock-leg length 38.0 46.1
6 Back-of-knee height 14.8 18.2
7 Shoulder breadth 14.1 20.\
8 Hip breadth 12.9 15.4
9 Eye height 26.9 33.9
10 Sitting height 30.9 38.4
II Sitting height 32.9 40.4

with helmet

FIGURE 7.-Coal mIner anthropometies.

fuction of the machie could not be effciently
accomplihed.

1. The first liitation is the design criteria that the

cab-machie operate in a 4O-in workig height coal seam.
Although previous studies showed that a signifcant
number of shuttle cas operate in coal seams between 42
and 48 in without caopies, due to court -obtaied
variances, the adviory committee decided the project goal
should be set below the cutoff point of 42 in set forth in 30
CPR 75.1710. Based on this, a target goal of 40 in was set.
It was felt that a successful compartment-shuttle ca design
for thi seam height would be a signcat accomplishment
and could be approached with a reasonable degree of
confdence.

2. The concept should be adaptable, with minimal
modifcations, to as many existing shuttle cas as possible.
It is reald that to achieve the project goals the final

design wi have to depart from traditional design concepts
and practices; historicaly, no one has been able to resolve
this issue since shuttle cas were introduced into the
mining industry in the 193's. However, use of as much of
the curently avaiable base vehicles as possible wi reduce
costs and increase acceptance in the minng community.

3. No mining system equipment modcations should
be required to accommodate the new equipment. Several
design were considered that would have necessitated
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extensive modcations to the dump sites and tai bom of
the miner. However, these would have signcatly
increased the cost of the system and hidered acceptance.

4. The addition of the cab should caus no decrease in

coal-caryg capacity. The priar mision of a shuttle
ca is to rapidly Cå as much coal as possible from the

ming mache to the dump site. Time studies have
shown that haulage is the biggest bottleneck in the

13 \

production cycle; a biger bottleneck would not help a new
system gai accptance.

5. Adequate tram clearance must be provided for the
shuttle ca to effciently complete its mission. Vehicles

must be able to acheve maxum operating velocities
without "ribbing" or "roofmg" (strg the ribs or roof) to

maxize production, maitai a stable workfow, and

permit sae and effcient operation.

DESIGN PROCEDURE

:-
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The design concept chosen was a cross-ca, end-
mounted confguation that positioned the cab across what
would be the load end of a conventiona shuttle ca,
opposite the dicharge boom. The operator is positioned
across the .end of the vehicle, perpndicular to the

longtudial axs of the chai conveyor. . Th arrangement
would give the operator unobstructed viion when
tramming to the dump site and very goo direct viion
down the empty conveyor when tramming to the face. The
mai disadvantage appeared to be increased complexity of
procedures when unoadig coal. The idea was to employ
the boom end of the vehicle for both coal loadig and
unoadi. Thi would requie the operator to back up a

short ditance to the dump site with hi or her diect

viion obstructed by the coal pile.

The specic design procedures were followed in
accrdance with the exprience the Bureau has developed

in cab desig in over a decade of work in th area. The
tranversely mounted, end-cab (TMEC) concept selected
for fuer development was analyzd to inure that it '
would meet the previously establihed performance
crteria. A technca descrption of the proposed shuttle

ca cab concept wa sent to major U.S. shuttle ca
manufacturers to solicit their comments. The responses
received were very favorable and encouragig.

The TMEC concept needed to be refied and fiald

to better adapt it to existing low-coal shuttle cas. The
fist task was to fmal the design of the basic
compartment structure (fig. 8). The optimal compartment

I"
3'2 Typical

1- 36"

=t.

I I I Ii I I I~~ ~~~ ~, ~:\_--------

L28,,-J
FIGURE 8.-Cmpartent de.lgn.
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diensions were determined to be 36 in wide by 72 in long
by 36 in high.

The 36-in width provides an operator with sufcient hip

room and freedom of movement. Thi width should not

interfere with the capabilty of the shuttle cà to tram
around corners; it is the approxiate diension the
unused load end of the vehicle ca be shortened without
altering the stock chai conveyor or decreasin haulage
capacity. The 72-in compartment leng provides the
operator with extra leg room for comfort in a recled
seating position. The 36-in caopy height should provide
ample clearance to prevent roofing in. a 4O-In coal seam,
since the operator compartment is designed to be a

fu-floating cab. Canopy support posts were placed as far

outboard on the operator compartment as possible, so as
not to interfere with operator field of viion.. Finaly, al

corners and edges of the operator compartment and
caopy were beveled or sloped so the compartment could
float over or deflect, rather than jam on any roadway
obstacles.

Several additional modications necessar to adapt the
concept to existing shuttle cas were identifed. First, the
cable reel wil have to be moved from the boom end to the
cab end of the vehicle to prevent runng over the traig
cable. The boom end of the vehicle wi need additional
reinorcement, since it is now used for both loadig and
dumping. Finaly, the cab end of the shuttle ca wi need
to be shortened 36 in to facilitate tramming around

corners. None of these modcations should afect
operation or decrease coal-caryg capacity, since wider
shuttle cas ca be used in the same width entries with the

operator cab relocted from the side of the ca.
Design detais of the compartment and related

components (seating and controls) were evaluated using
several of the Bureau's computer modelig programs.

The first program used was the crew-station assessment
of reach (CAR) program; it inured that al the shuttle ca
controls are at optimum reach locations. Numerous

control layouts (fig. 9) were designed and analyzed. These
layouts placed the controls withi easy reach of al 5th to

95th percentile operators without interfering with requied
vision. Al of the selected controls are small electrica

unts that activate relay-controlled solenoids. Th use
results in considerable space savigs withi the cab as
compared with employig conventional, bulky, hydraulic
valves and associated hoses. The control layout selected,
afer the computer analysis, is shown in figure 10. This
design provides a control panel that is positioned in front
of and withi easy reach of the operator. It swigs out of
the way to provide easy ingress and egress.

The second program was the "CAP" crew-station
analysis program (CAP), which analyzed the
anthropometric parameters of the cab and checked
operator viion at predetermined-requied viual attention
locations. Ths program generates a simulation of the
operator field of viion from withi the shuttle ca to
predetermined viion points (fig. 11). These points are
then weighted and compared to a list of requied visual
attention locations established from previous Bureau FIGURE 9.-Control layouts.
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progams. The TMC provided field of vion superior to
even the operator comparents without caopies now in
use in low-coal seams.

The next component to be desed was the seat for the
shuttle ca operator. Because of the lited confes of

low coal the operator must be as comfortable as possible

in order to effectively perform for an 8-h or longer sh.
Afer caefu consideration, a seat desiged under a
previous Bureau project was selected. Th seat (fi. 12)
permits the operator to sit in the requied reced
position. Important features include lumbar support and
an adjustable back to permit smaler operators to sit in a
more uprit position. The seat pad is 15 in long 22 in
wide and has an adjustable tit. It is short enoug to

FIGURE 10.-Seleced cotrolleyout

15 "

prevent cutti off ciculation in the legs and wide enough

to provide adequate hip room. Another important feature
is an adjustable, preshaped support; it holds the head and
neck in a comfortable, uprit position, alowi protracted

period of operation. The entie seat is contoured to hold
the operator secuely, formed of foam paddi covered
with viyl fabric. An option under consideration is a seat
belt with a Velcro hook-and-loop fastener, a rigid lockg
belt is not needed but a lightweigt, easy fastened belt
us a Velcro hook-and-loop fastener would help secure
the operator in the seat when trammin over rough
bottom.

Previous testi had determined tht aux viion
asist would be necssar. The fial desi employs the
most favorable and cost -effective solution - it alows the
operator diect viion to as many of the requied viual
attention loctions as possible. Dirct viion is
supplemented by providin viual input at the blid spots
though the use of a simple ccr. The CCTS provides
viua assistance for those reference points where the

operator requies additional inormation. The system
provides an overlap of direct and tranmitted viion so that

(1) the operator is given a point of reference between
diect view of an object and the view of the same object on
the monitor, and (2) the operator is given a choice, where
possible, between the diect and tranmitted view of
objects.

The fial system consisted of one closed-cicuit caera
enclosed in a protective, explosion-proof housin mounted
on the bom end of the shuttle ca, and, one black-and-
white monitor locted inide the operator comparment.
It was determined that only two areas requied viion
assistance: a view of the coal flowig from the boom of the
continuous miner and a view of the dump site when
back to it. Therefore, a two-position rotar actuator

was selected to pan the caera 90°; no caera tit was
deemed necess.

c c c ii c
ci: CD o

FIGURE 11.-Cmputer-genereted field of vision.
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FIGURE 12.-Shutte car operator seat.

MOCKUP AND EVALUATION

The mockup and evaluation of a proposed operator
compartment, prior to the construction of a fu-scae

prototye, has proven to be a usefu tool in refing design
deficiencies and alowig improvements at an early stage
of the project development. It was decided that, to
accurately evaluate the proposed operator compartment-
shuttle ca concept, a semifctional mockup needed to be
constructed. The completely unque position of the
operator compartment, with respect to the shuttle ca,
posed a question as to whether or not an operator could

effectively control the machie from the cross-ca position.
To constrct the worki mockup, a steel platform was

welded to the end of a fuctionig MC3 shuttle ca. This
served as a base on which to construct the compartment
mockup. The avaiable shuttle ca was not a low-coal
shuttle ca, havig a 36-in frame height. Therefore, the

base plate was positioned 16 in above the ground to
simulate the spatial and viual conditions the operator

would perceive when the compartment was intaled on a

shuttle ca with a 28-in frame height. The previously

selected control system layout was intaled along with the
selected operator seat and the ccrS. Fuly fuctional
steering, brake, and tram controls were employed so that

the actual feel of drivig the shuttle ca could be
evaluated.

Once the mockup was completed and al systems were
fuctionig, a surface evaluation of the system was

conducted. Several experienced operators trammed the
shuttle ca through a predetermined course; equipment

performance and operator comments were. noted. The
operator compartment was then evaluated based on the
previously establihed project crteria.

The. overal results of the evaluation were encouragi.
Afer a brief practice period to orient themselves to the
new system, the operators were able to maneuver the
shuttle ca through the course with comparative ease.
Operator comments primary centered on a dramatic

increase in field of vision and space when comparing the
new design to traditional shuttle ca operator
compartments. Operator ingress-egress was accomplished
with relative ease, and the seating was easily adjusted to
accmmodate al operators. In general, the proposed
operator compartment-shuttle ca concept appeared to be

a feasible and effcient solution to the dificult problem of
providig protection for thi-seam shuttle ca operators.
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. CHANGES RESULTING FROM MOCKUP

Although priary succssfu, the evaluation identifed
several improvements that should be incorprated in the

control layout. These improvements were to better
accommodate a 95th percentie male operator. The swig-
away control panel locted in front of the operator

enhced iness-egress for most operators, but tended to
hit the legs of very lage operators. Therefore, the

deciion was made to place the operator controls in a
more traditiona location on the side of the operator
comparent. Th arangement does not provide the
same ease of reach to the controls, but is satifactory and
does permit the accmmodation of a greater segment of
the operator population.

The second improvement was to mod the standard,
orbital steeri unt used to maneuver the shuttle ca.

Previous exprien~ with the anthropometric design of

steering unts had shown that positive diectional steerig
(where the shuttle ca tur rigt when the wheel is tued
clocke and left when the wheel is tured
counterclocse) is the most desirable design phiosophy.
However, for some operators, it did not always fuction as
expected for thi unque situation. The design does not

requie the operator to change seatin positions accrdig

to the diecton of travel. Based on leared behavior from
drvi an automobile, an operator's performance
expctation could be that the steeri diection would be
opposite when travelig in the opposing diectons. Since
thi was a problem for some operators, it wa assumed
that changi the steeri to a nonpositive pattern could

cause problems for the operators that had adjusted to the
origial system. The solution was to convert the standard

orbital steerig, thoug the use of a gearing mechm,
into a joystick-ty steeri (fi. 13). Th new system

steers the ca to the right whenever the joystick is pushed
to the rit and vice versa regardless of tram diection.

Once these modcations were incorporated into the
comparment mockup (fi. 14), the evaluation tral were
repeated. Since the new steerig system had no
conceptional relationship with an automobile, al operators
readiy adapted to the redesiged steering and were easily

able to maneuver the shuttle ca in either tram direction.
The second set of trial went smoothly with no perceivable
major problems remaing. The compartment desig now
appears ready for fu-scae fabrication and test of proof-
of-concept.

FIGURE 13.-Joystlck stering.
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FIGURE 14.-Final mockup.

CONCLUSIONS

From the work completed, it appears that the Bureau
of Mines TMEC concept for a operator compartment-
shuttle ca is a feasible and safer solution to the problem
of implementig protective operator structures on low-coal
shuttle cas used in 4O-in workig heigts. The developed
concept provides good operator protection from the
hazds of roof fal and eliinates the possibilty of
pinchig-squeezig accidents (responsible for 90 pet of al
shuttle ca accdents). The concept overcomes the primar
objection to caopies - the lack of direct viion. Its unique
loction on the shuttle ca takes advantage of the empty

conveyor to provide the operator with a diect lie of sight

to the vast majority of required viual attention locations.
The design alo provides the operator with ample space

for comfort. Additionaly, thi concept meets all of the

design criteria establihed by the project advisory

committee.
It is anticipated that the project wi continue through

the fabrication of a full-scae prototye for proof-of-

concept underground evaluation. Future work wi include
the fabrication of a generic compartment that ca be
adapted to an existing shuttle car and the detaied
specifcations for a shuttle ca incorporating the concept.

Specifc tasks should include fabrication of a generic
compartment and all related hardware. A compartment
should be constructed that ca be adapted to a modied
low-coal shuttle ca when one becomes avaiable. Al of
the control systems and hydraulic modifications should be
constructed and tested on a currently available high-coal
shuttle ca to veri correct function and suitabilty.
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