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EVALUATION OF "MINIMUM" AND "LOWEST PRACTICAL" WORKING HEIGHTS
FOR SAFE USE OF CANOPIES

by William W, Aljoe

ABSTRACT

This paper outlines an analytical ap-
proach to determining the "minimum work-
ing heights" and "lowest practical work-
ing heights" necessary to allow the safe
use of canopies on underground coal min-
ing equipment. Each element of the work-
ing height (mine floor to nearest over-
head obstruction) is discussed in some
detail, emphasizing the variability of

the numerical values assigned to each

element. The effects of machine type,
machine frame height, and mine conditions
on the working heights attainable with
canopies are reviewed. With state-of-
the-art cab and canopy technology, these
variables will frequently prevent the
safe use of canopies in low coal seams
without extensive modifications to exist-
ing equipment.

INTRODUCTION

Roof falls have historically been one
of the most frequent causes of fatalities
in underground coal mines. Preventing
injuries and deaths from such falls is a

difficult technological challenge, but
progress is being made through a variety
of engineering advancements. For exam-
ple, the life-saving potential of proper-
ly designed and constructed cabs or cano-
pies on self-propelled face equipment has
been demonstrated in numerous instances
when operators escaped serious injuries
from roof falls, some so massive that the
machine was buried. Unfortunately, a

number of technical problems remain un-
solved in the design of functional opera-
tor compartments for mining equipment
working in low coal seams.

Three principal problems are associ-
ated with the use of canopies on low-coal
equipment: "roofing" of the canopy dur-
ing travel over uneven floors, limited
vision of the machine operator, and se-
verely cramped operator compartments.
Design changes to minimize any of these
problems usually worsen the impact of at

least one of the other two. If an opera-
tor is uncomfortable or has restricted
vision, he or she tends to operate the

^Mining engineer, Pittsburgh Research
Center, Bureau of Mines, Pittsburgh, PA.

machine in an unsafe manner, such as

leaning beyond the protection of his can-
opy or machine frame. Because many ex-
isting cabs and canopies were not de-
signed to compensate for this, numerous
injuries to miners have occurred from
collisions with the ribs, roofs, or other
objects in the mining section.

At present, Federal regulations require
protective operator compartments in sec-
tions having a minimum mining height
of 42 in. However, extensive review of

field data indicated that this require-
ment could have better addressed the
uniqueness among mining sections and the
seriousness of operational problems with
existing canopies in working heights be-
tween 42 and 54 in. In numerous cases,
low working heights prohibited the con-
sistent use of canopies despite sub-
stantial efforts by coal companies to
achieve compliance with canopy regula-
tions through innovative cab and canopy
design concepts. Often, these designs
were unsuccessful because only complete
machine redesign or machine replacement
would have allowed safe, efficient opera-
tion with a canopy.

This paper describes the results of

approximately 3 years of research, spon-
sored principally by the Bureau of Mines,



76

to document the application of cabs
and canopies in low-coal mines. Most
of this research was performed by Bitu-
minous Coal Research, Inc., Monroeville,
PA, under Bureau contract. ^ This paper
describes a procedure that can be used,
if the machine, operator's compartment.

and canopy have been designed specifical-
ly for low coal, to define the "minimum"
and "practical" working heights at which
canopies could be used without roofing
and without restricting operator comfort
or vision.

THE MINIMUM WORKING HEIGHT WITH A CANOPY - WHAT DOES IT MEAN?

The working height of the underground
mining section is probably the most cri-
tical factor governing the successful use
of canopies. First, it is very Important
to note that the term "working height"
used here is not the same as the "mining
height" contained in MSHA canopy regula-
tions. Mining height as defined by MSHA
is the total extracted height, from the
mine floor to the unfinished roof; the
minimum working height of a mining sec-
tion is defined as the distance from tine

mine floor to the lowest ovevhead olo-

stvuetion on the section, if the obstruc-
tion is not the result of poor mining
practices. In some cases this obstruc-
tion can be the mine roof itself, but it

is usually a roof support device, machine
trailing cable, or ventilation tubing
suspended from the roof. Thus, the mini-
mum working height will always be less
than or equal to the minimum mining
height, and the mining height at any lo-
cation is equal to the working height

plus the height (thickness) of the over-
head obstruction at that point.

Two other clarifications must be made
about the meaning of the "minimum working
height." First, it must be assumed that
the machine frame or objects on top of

the machine will not interfere prohibi-
tively with operator vision. Second, the
mine floor must be fairly level, with no
sharp undulations. Because these condi-
tions exist only rarely in actual prac-
tice, a "lowest practical working height"
with a canopy, usually larger than the

minimum working height, must also be de-
fined. Later in this paper, procedures
for quantifying the lowest practical
working height are given; these take into
account the actual machine frame height
and degree of mine floor undulation.
However, let us first examine how the
minimum working height under ideal condi-
tions can be determined.

PRODECURES FOR QUANTIFYING THE MINIMUM WORKING HEIGHT

The first step toward quantifying the
minimum working height with a canopy
would be to divide the available vertical
clearance into seven segments as shown in
figure 1. The segments are defined as

follows: (i) mine floor to bottom of cab
deck, (2) thickness of deck and opera-
tor's seat, (3) top of seat to opera-
tor's eye level, (4) eye level to top of

miner's cap, (5) cap to underside of can-
opy» (^) canopy thickness, and i?) clear-
ance between canopy and lowest overhead
obstruction,

^Bituminous Coal Research, Inc. "Ad-

vancement of Cab and Canopy Design and
Use in Coal Mines," Ongoing BuMines con-

tract No. J0199055.

Using available anthropometric data and
state-of-the-art technology for mining
machines, operator's compartments, and
canopies, a minimum value can be assigned
to each of these segments. Their sum is

equal to the minimum working height with
the canopy. However, the operator's
size, machine type, machine model, and
operator compartment design all have very
important effects on the values assigned
to each segment. In fact, completely new
or radically different equipment technol-
ogy could reduce these values substan-
tially. It may be helpful, therefore, to

consider how the minimum working height
could be calculated for an existing ma-
chine - a continuous miner with a very
low frame.
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FIGURE 1. - Breakdown of minimum working height with canopies.

Figure 1 was drawn to simulate a con-
tinuous miner operator within the com-

partment (sketch not to scale) ; let us
start at the ground and work upward. Be-
cause nearly all models of low-profile
continuous miners can be equipped with
"floating" cabs which slide along the
mine floor in nonundulating conditions,
the minimum value of segment 1 of figure
1 would be zero.

Segment 2 of figure 1 consists of two
elements—the cab deck and the opera-
tor's seat. The floating deck must be
strong enough to withstand abrasion from
the mine floor. If high-strength, heat-
treated steel is used, the deck can
be as thin as 1/2 in. However, mild
steel is a much more common and inexpen-
sive deck material; for practical pur-
poses, a minimum deck thickness of 1 in
(mild steel) is assumed here.

The thickness of a seat or pad, when
compressed by the weight of the operator,
can also be as small as 1/2 in. In many
cases, however, a higher seat is needed.
For example, mud and water often spill
into floating decks; if the seat were
only 1/2 in above the cab deck, the oper-

ator would have to spend most of his or
her time cleaning out the compartment.
Even on a slow-moving machine like a

continuous miner, a thicker seat pad is

often needed to cushion the operator when
tramming over rough mine floors. The
minimum seat thickness assumed in this
example is 2 in.

A realistic minimum value of segment 2

in figure 1 would thus be 3 in— 1 in for
the deck, and 2 in for the seat pad.
Theoretically, this value could be lower
(approximately 1 in); however, as subse-
quent discussion will show, this reduced
deck and seat thickness will not usually
result in a substantial reduction of the
minimum working height with a canopy.

Segment Z is perhaps the most critical
and controversial component of the mini-
mum working height. The distance from
the operator's seat to his or her eyes is

governed by the operator's size and the
internal configuration of the operator
compartment. According to anthropometric
data supplied by SAE,^ the seat-to-eye
height would be approximately 23 in for
both small (5th percentile female) and
large (95th percentile male) machine op-
erators if the operator can recline with-
in the compartment. However, when a
"sit-up" position must be utilized to run

^Society of Automative Engineers. "De-
velopment of SAE Guidelines for Under-
ground Operator Compartments." Ongoing
BuMines contract No. H0308110.
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the machine effectively, the required
seat-to-eye height can be as much as 29

to 33 in for small and large operators,
respectively. Obviously, the minimum
working height with a canopy must also
increase. To maximize the use of cano-
pies in low coal, the operator's compart-
ment must be designed to minimize the
required seat-to-eye height.

Most continuous miners in use today do
not have compartments that allow the op-
erator to recline (seat-to-eye height 23

in). However, some presently available
models do contain reclining seats , and
compartments that provide at least a

semireclining operator position can be

retrofitted to other models. For the
purpose of defining the minimim working
height attainable with canopies on con-
tinuous miners, it will be assumed that
segment 3 of figure 1 can be reduced to

23 in.

The distance from the operator's eyes
to the top of his or her cap, segment 4

of figure 1, is approximately 6.5 in for
both small and large operators. This
value agrees with SAE anthropometric data
and a survey of high-coal cab and canopy
design done by Bendix.^

Segment 5 of figure 1 represents the
"bounce space" required between the top
of the operator's cap and the underside
of the canopy. Based on numerous obser-
vations of continuous miners in opera-
tion, a value of 1.5 in was chosen; this
was also the value selected by Bendix in
the study mentioned above.

Canopy thickness, segment 6 in figure
1, is governed by its design and the

strength of the material used. Solid-
plate canopies are thinner than canopies
made of structural steel tubing; if high-
strength steel plate is used, it can be

"^Farrar, R., R. Champney, and L. Wein-

er. Survey on Protective Canopy Design,
(contract H0242020, Bendix Corp.). Bu-
Mines OFR 50-76, 1976, 163 pp.; NTIS PB

251-67 2/AS.

as thin as 1/2 in. As with cab decks,
however, mild steel plate is much more
common and inexpensive, so a minimum can-
opy thickness of 1 in (mild steel plate)
is assumed here. Although canopy thick-
ness does not usually have a substantial
effect on the minimum working height with
the canopy, the overall design of the
canopy top can be very important.

Because the minimum working height with
a canopy must be chosen so that canopy
roofing does not occur, segment 7 of fig-
ure 1 must be defined very clearly. This
segment represents the minimum vertical
clearance required between the canopy top
and the nearest overhead obstruction nor-
mally present in a flat coal mining sec-
tion. Although this value is essentially
arbitrary, it was chosen to be 4 in on

the basis of observations of continuous
miners in level seam conditions. This

clearance is needed partly to overcome
obstructions on the mine floor and part-
ly to account for unexpected overhead
obstructions.

Even in flat , nonundulating coal mines
where good housekeeping practices are

followed, debris or an obstacle of some
type will usually be present on the floor
of the mining section. When the continu-
ous miner trams over an obstacle, such as

a pile of loose coal or a large rock, the

machine and canopy will rise temporarily.
If this occurs at the same spot in the

mining section where an object protrudes
below the level normally occupied by the

lowest obstruction (e.g., a header board
or trailing cable hanging beneath the

bottom of required roof bolts), the local
vertical clearance could be substantially
less than the working height (mine floor
to roof bolt) normally present on the

section. To prevent the canopy from
roofing, the maximum height of the canopy
above the mine floor should be at least 4

in less than the working height normally

present.

Adding the values assigned to segments
1 through 7 of figure 1 yields the mini-
mum working height needed to allow the
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safe use of canopies on continuous
miners:

Segment in

1—^Mine floor to cab deck 0.0

2—Deck and seat thickness 3.0 ,

S—Seat-to-eye height 23.0

4—Eye-to-cap height 6.5

5—Cap-to-canopy height
("bounce space") 1.5

6—Canopy thickness 1.0

7—Clearance above canopy 4.0

Total 39.0

EFFECT OF MACHINE TYPE AND MINE FLOOR CONDITIONS

Remember that the preceding example
dealt with an ideal canopy installation

—

a slow-moving, low-profile machine with a

properly designed operator compartment in

a flat, dry, well-kept mining section.
However, table 1 shows that the "minimum"
working height needed to allow the safe
use of canopies is different for differ-
ent machine types. Also, "imperfect"
conditions will increase the minimum
working height with the canopy, and the

effects of machine type and mining condi-
tions can be quantified by reviewing the
seven segments of figure 1.

SEGMENT 1 - MINE FLOOR TO CAB DECK

In the previous example, special care
was taken not to use the term "ground
clearance" when referring to this dis-
tance. The ground clearance of a float-
ing cab deck is zero, while the ground

TABLE 1 . - Breakdown of minimum working heights with canopies , inches

Machine type
Segments of working
height (fig. 1)

Contin-
uous

miners

Shut-
tle

cars

Scoops
and

tractors

Roof
bolters

,

single-
head'

Roof
bolters,
dual-
head'

Cutters
and

face
drills

Loading
machines

1—Mine floor to cab deck.
2—Deck and seat thickness
2—Seat-to-eye height
4—Eye-to-cap height
5—Cap-to-canopy height...
6—Canopy thickness
7—Clearance above canopy.

20.0

3.0
^23.0

6.5
71.5

1.0

4.0

20.0

3.0
^23.0

6.5
83.0

1.0

4.0

^6.0

3.0
514.0

6.5
83.0

1.0

4.0

20.0

3.0
423.0

6.5
71.5

1.0

4.0

20.0

3.0
^23.0

6.5
71.5

1.0

4.0

20.0

3.0
629.0

6.5
71.5

1.0

4.0

20.0

3.0
629.0

6.5
71.5

1.0

4.0
Minimum working height
(sum of elements 1

through 7) 39.0 40.5 37.5 39.0 39.0 45.0 45.0
'"Tram-only" or "drill-and-tram" compartment.
2Floating compartment; if unworkable or unavailable, use ground clearance of opera-

tor's compartment.
^Floating compartment not available; use ground clearance of operator's compartment

(6 in normal)

.

^Reclining operator position; add 6 to 10 in for sit-up position.
^Lie-down operator position; add 9 in for reclining, 15 to 19 in for sit-up

position.
6 Sit-up operator position; small operator.
7 Slow-moving machines - tram speed 50 to 200 ft/min.
8Fast-moving machines - tram speed 350 to 450 ft/min.
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clearance of the frame of the continuous
miner is commonly 6 in or more to prevent
it from becoming hung up in the mine
bottom. In broken, irregular, or muddy
bottom conditions , hangup problems often
become so severe that the deck must^be
suspended above the mine floor at all
times. The value of segment 1 of figure
1 would not be zero if adverse bottom
conditions prevail; it could be as large
as the ground clearance of the machine
f rame

.

Although floating operator compartments
are available for several models of shut-
tle cars, they must travel faster, far-
ther, and more often than continuous
miners, and they are much more suscepti-
ble to hangup problems. As a result, the
coal industry has not used floating com-
partments on shuttle cars nearly as often
as on continuous miners. When calculat-
ing the minimum working height with a

canopy on a shuttle car, the value of

segment 1 of figure 1 will often be equal
to the ground clearance of its main
frame. However, this distance can be as

low as zero if very good mine floor con-
ditions exist.

Although conceptual designs of floating
cab decks have been developed for conven-
tional equipment—cutters, face drills,
and loaders—equipment manufacturers do
not usually offer them as either "stan-
dard" or "optional" items on new low-
profile machines. Substantial modifica-
tions or complete machine redesign would
be needed to incorporate floating decks
on most existing models of conventional
equipment. Conceptual designs of float-
ing cab decks have not been developed for
scoops, tractors, and ramcars; substan-
tial machine redesign would be needed.

therefore, be the ground clearance of the
machine, although new machine technology
could lead to the development of mine-
worthy floating compartments.

Assigning a minimum mine-floor-to-cab-
deck distance to roof bolters is espe-
cially difficult because there is really
no such thing as a "typical" roof bolting
machine. Single-head and dual-head bolt-
ers must be treated differently; some
models require the operator to walk
alongside the bolter when tramming, while
others have tram compartments similar to

those on the machine types previously
mentioned. Also, for the purpose of spe-
cifying a minimum working height with a

canopy, only the tram function of the

roof bolter can be considered. Because
the operator must often drill and bolt
while sitting or kneeling directly on the

mine floor, the operator position shown
in figure 1 would not apply to the tasks
of drilling and bolting.

Floating tram compartments are present-
ly available for some models of single-
head bolters whose drilling, bolting, and
tramming functions are performed from the
same compartment at the front of the ma-
chine, near the drill head. For these
machines the minimum mine-floor-to-cab-
deck distance would be zero. Some mod-
els of dual-head roof bolters also have
floating compartments. However, many
models of single-head bolters and almost
all models of dual-head bolters have sep-
arate tram compartments, whose ground
clearance is usually equal to the ground
clearance of the machine. For these ma-
chines, the ground clearance of the frame
of the roof bolter would often be a rea-
sonable estimate of the value of segment
1 of figure 1.

Consequently, the mine-floor-to-cab-
deck distance will not usually be zero
for scoops, tractors, and ramcars. The

ground clearance of the fixed deck need
not be as large as the ground clearance
of the machine frame, but many manufac-
turers will make these two clearances
equal. A reasonable estimate of the

value of segment 1 of figure 1 would.

In summary, the minimum distance re-
quired between the mine floor and the
bottom of the tram deck can range from
zero to the ground clearance of the ma-
chine frame, depending on machine type,
model, and mine floor conditions. Each
individual mine-machine combination must
be examined carefully to determine how
large this distance must be.
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SEaiENT 2 - DECK AND SEAT THICKNESS

As explained in the previous example
of the continuous miner, machine design
and mine floor conditions can affect
the minimum thickness of the deck, and
seat. However, the 3-in combined thick-
ness assumed in that example represents
a reasonable tradeoff between the best
and worst deck material, floor condi-
tions, and riding comfort. For practical
purposes , a nominal 3-in deck and seat
thickness can be used when calculating
the minimum working height with a canopy,

SEGMENT S - SEAT-TO-EYE-HEIGHT

The variable nature of this distance on
a continuous miner was discussed in the
previous example. Theoretically, the 23-

in seat-to-eye height also represents the

minimum height attainable on other types
of electric face equipment. However,
compartments on most existing low-profile
machines were designed for sit-up opera-
tion; these must be modified to provide
the minimum possible (23-in) seat-to-eye
height. In many cases such modifications
would be difficult or unfeasible because
of original machine design, and the mini-
mum seat-to-eye height would be 29 in,

even for the smallest operators. Almost
all cutters, face drills, and loaders
presently require operators to sit up-
right at all times.

types , the long axis of the operator'

s

body is parallel to the travel direction,

and the attempt to look forward from the

lie-down position would result in exces-
sive head and neck strain. Changing
seats or turning around to face the oppo-
site tram direction would also be ex-
tremely difficult. Therefore, the lie-
down operator position and 14-in seat-
to-eye height are applicable only to

scoops and tractors with transverse
compartments.

Unfortunately, only a few models of

scoops and tractors have been designed to

accommodate operators in the lie-down po-
sition. Substantial modifications would
be needed on most models to provide ade-
quate leg room while allowing the opera-
tor to remain protected by the compart-
ment. Even if such modifications are
made, the resulting compartment configur-
ation could place the operator's eyes far
below the top of the machine frame, pro-
hibiting vision to the opposite side of

the entry,

SEGMENT 4 - EYE-TO-CAP HEIGHT

No significant type-to-type or model-
to-model variations exist for this dis-
tance; a minimum value of 6.5 in can be
used in all cases.

SEGMENT 5 - CAP-TO-CANOPY "BOUNCE SPACE"

Some models of scoops and tractors

,

however, can be modified to allow machine
operation from a "lie-down" position.
SAE anthropometric data^ indicate the
minimum operator seat-to-eye height in
the lie-down position would be approxi-
mately 14 in for both small and large
persons. In the transverse or "side-
saddle" compartments characteristic of

scoops and tractors, the long axis of the
operator's body (head to toe) is perpen-
dicular to the direction of machine trav-
el, and the operator needs only to rotate
his or her head to see alongside the ma-
chine in the forward and reverse direc-
tions. On almost all other machine

^Work cited in footnote 3.

When traveling over mine floors of

equal roughness, the operators of fast-
moving machines—shuttle cars, scoops,
and tractors—will need approximately
twice as much "bounce space" as opera-
tors of slow-moving machines—continuous
miners, cutters, face drills, loaders,
and roof bolters. Therefore, the values
assigned to segment 5 of figure 1 would
be 3,0 and 1.5 in, respectively.

SEGMENT 6 - CANOPY THICKNESS

The same statements made about deck
thickness apply to canopy thickness; most
existing low-coal canopies are made of
1-in-thick mild steel rather than 1/2-in-

thick high-strength steel. For practical
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purposes, 1 in should be allowed for can-
opy thickness when calculating the mini-
mum working height with a canopy on ex-
isting equipment.

SEGMENT 7 - CLEARANCE ABOVE CANOPY

The value of this dimension on con-
tinuous miners—4 in—applies equally to

all machine types and models as long as
large-scale mine floor undulations are
not present. As will be shown later in
this paper, machine type and model do
have significant effects on the clearance
required above the canopy when mine floor
undulations occur.

SUMMARY

if mineworthy
developed.

floating decks can be

2. The deck and seat thickness of 3

in can be reduced to about 1 in if high-
strength steel and minimal seat padding
are used. Conversely, some machine oper-
ators may insist upon higher seats if mud
and water spillage are excessive, and
more seat padding or suspension may be
needed to cushion the operator against
rough rides.

3. The required seat-to-eye height is

governed by the control configuration and
interior dimensions of the operator's
compartment. Substantial type-to-type
and model-to-model variations exist.

Table 1 summarizes the values to be as-
signed to segments 1 through 7 of figure
1 when calculating the minimum working
heights attainable with canopies on ex-
isting equipment. As noted in table 1,

many of these values can be either higher
or lower because

—

1. Floating cab decks may or may not
be available or feasible on existing
machines. If a floating deck is not
commercially available for a particular
equipment type, a nominal compartment
ground clearance of 6 in is listed in ta-
ble 1. However, the actual ground clear-
ance of the fixed deck can be lower than
6 in, and it could be reduced to zero

4. "Bounce space" between the opera-
tor's cap and the canopy depends on ma-
chine tram speed.

5. Canopy thickness can be reduced if

stronger steel is used; however, if steel
tubing is used for the canopy, its thick-
ness will be greater than 1 in.

6. Required clearance above the canopy
in a flat coal seam depends on the number
and height of unexpected obstructions on
the mine roof and floor; these will vary
greatly from mine to mine, from section
to section in a mine, and within the same
mining section.

LOWEST PRACTICAL WORKING HEIGHTS WITH CANOPIES

The ideal conditions needed to achieve
the minimum working heights with canopies
listed in table 1—flat, nonundulating
seams and equipment that does not ob-
struct operator vision—will not be pres-
ent on most mining sections in operation
today. Therefore, we should define the
"lowest practical working height" with
canopies, again using state-of-the-art
technology, to take into account the ad-
verse effects of mine floor undulations
and visual obstructions caused by the

canopy and machine frame.

EFFECTS OF MACHINE FRAME HEIGHT

The machine frame almost always ob-
structs vision in low coal. Operators
frequently lean outward to see alongside
their machines because this is the only
vision available when clearance between
the frame and the mine roof is limited,
even when a canopy is not present. The
canopy introduces yet another visual ob-
struction, one that many machine opera-
tors consider "unnecessary" and "danger-
ous." The following paragraphs describe
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a simple procedure for calculating the
lowest practical working height with a

canopy from the machine frame height.

When defining a relationship between
the machine frame height and the lowest
practical working height at which a can-
opy can be used, one critical factor must
be specified—the vertical distance be-
tween the top of the machine frame and
the operator's eye level. A wide range
of opinions was received regarding the
distance needed to assure "adequate" op-
erator vision. For example, in the Ben-
dix canopy survey^ equipment manufactur-
ers recommended that the operator's eyes
be placed 3 to 8 in above the machine
frame. Conversely, the fact that low-
coal equipment operators can often run
their machines using solely "down-the-
side" vision has been used as evidence
that their eyes can be at any level below
the top of the main frame. Considerable
disagreement will continue to exist no
matter what frame-to-eye level distance
is chosen; however, for simplicity, it
is assumed here that the operator's eyes
must be at the same level as the top of

the machine frame to assure adequate vi-
sion. Using this assumption and the pro-
cedures described earlier in this ar-
ticle, the "lowest practical working
height" with canopies can be determined
directly from the machine frame height.

Referring again to figure and table 1,

segments 1 through 3 define the minimum
distance between the mine floor and the
operator's eye level. Since it is as-
sumed the machine frame will not obstruct
operator vision if it is below eye level,
the lowest practical working height with
a canopy will not be governed by the ma-
chine frame height if it is less than the
sum of segments 1 through S, For such
low-frame machines, the lowest practical
working height in a flat coal seam will
be equal to the minimum working height
listed in table 1; operator headroom
rather than vision will be the limiting
factor.

^ork cited in footnote 4.

The first four columns of table 2 show
how the machine type, compartment ground
clearance, and operator seating position
combine to determine the minimum machine
frame height to be considered in the

analysis of the lowest practical working
height with a canopy. For example, if

the operator compartment on a continuous
miner forces a 95th percentile size male
to assume an upright position (33 in from
seat to eyes), the minimum frame height
to be considered will be 36 in (33 in + 3

in deck and seat thickness) despite the

compartment's ability to float on the

mine floor. On the other hand, scoops
and tractors with frames as low as 23 in
can be considered because the operator's
ability to lie down (if modifications to

the compartment are made) places his or
her eyes at this height despite the nomi-
nal 6-in compartment ground clearance.
If the actual machine frame height is

greater than the minimum applicable
height given by table 2, it is assumed
that segment 1,2, or 3 of table 1 would
be increased to place the operator's eyes
at the same level as the frame.

The fifth column of table 2 shows
how the lowest practical working height
with a canopy in a flat coal seam is

calculated from the machine frame
height. The sum of segments 4 through 7

in figure 1 and table 1 is the required
vertical clearance between the machine
frame (eye level) and the nearest over-
head obstruction. This clearance is 14.5
in for fast-moving machines and 13.0
in for slow-moving machines because the
need for operator headroom increases
with tram speed. Thus, in level seams,
one of the two formulas listed in the
fifth column of table 2 can be used to
calculate the lowest practical working
height.

Note that if the lowest practical work-
ing height were calculated with the re-
quirement that the operator's eyes be
placed at a certain level above the top
of the machine frame, for example, 3 in,

the result would be the same as if the

formulas listed in table 2 were used.
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TABLE 2. - Formulas for calculating "lowest practical work heights"
with canopies in flat coal seams

Compart- Minimum appl- Formula for
ment cable frame lowest prac-

Machine type ground Operator seating height

,

tical work-
clear- position^ and size ground ing height,
ance, clearance frame height

in plus

—

plus

—

Continuous miners... 0-6 Reclining - 5th pet female
and 95th pet male.
Sitting - 5th pet female
Sitting -95th pet male..

26 in

32 in
36 in

13 in

Shuttle cars 0-6 Reclining - 5th pet female
and 95th pet male.
Sitting - 5th pet female
Sitting -95th pet male..

26 in

32 in

36 in

14.5 in

Roof bolters,^ cut- 0-6 Reclining - 5th pet female 26 in 13 in
ters, face drills, and 95th pet male.
and loading Sitting - 5th pet female 32 in

'

machines

.

Sitting -95th pet male.. 36 in
Scoops and tractors. 63 Lying - 5th pet female

and 95th pet male.
Reclining - 5th pet female
and 95th pet male.
Sitting - 5th pet female
Sitting -95th pet male..

17 in

26 in

32 in

36 in

14.5 in

'Modifications to

lying-down positions.
^Tram canopy only.
^Floating operator

or less than 6 in.

operator compartments may be necessary to allow reclining and
"Pet" indicates percentile in entries in this column.

compartments unavailable; actual ground clearance may be more

Although the minimum applicable frame
height would be 3 in lower than listed in
table 2, the numerical value added to the
frame height to obtain the lowest practi-
cal working height would be 3 in greater
(16.0 in or 17.5 in versus 13.0 in or
14.5 in). On the other hand, if the op-
erator's eyes are allowed to remain below
the level of the machine frame, the low-
est practical working height with a can-
opy would be equal to the minimum working
height listed in table 1. The minimum
applicable frame height in this ease
would be equal to the minimum working
height minus 4 in to allow for rough bot-
tom conditions which may cause the frame
itself to hit the roof.

EFFECTS OF MINE FLOOR UNDULATIONS

Until this point , it was assumed that
mine floor undulations (abrupt changes in

eoalbed elevation) were not prevalent.
However, all mine floors undulate to some
degree, and both the miaehine frame and
the canopy will experience some amount of

upward or downward movement , or excur-
sion, when tramming through the undula-
tion. The amount of canopy excursion
must be added to either the minimum work-
ing height (table 1) or the lowest prac-
tical working height in a flat coal seam
(table 2) to obtain the lowest practical
working height with a canopy in undulat-
ing conditions.
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Overall canopy excursion can be cal-
culated geometrically and depends on
three major factors: (1) the location
of the operator's compartment and can-
opy on the machine, (2) the degree of

change in the slope of the coalbed floor
(degree of undulation) , and (3) the de-
sign of the cab and canopy. Floating
operator compartments can reduce canopy
excursion somewhat but cannot always
eliminate it. Figures 2 through 7 illus-
trate canopy excursion and show how it

can be calculated.

Canopy Excursion on
End-Driven Equipment

Figures 2 and 3 are scale drawings of a

typical continuous miner tramming over a

"severe" undulation—an abrupt 6° change
in the slope of the mine floor. When the

miner is in the position shown in figure

2, the maximum amount of vertical canopy
excursion is taking place because its
center of gravity (pivot point) has just
crossed the undulation point. The maxi-
mum possible excursion E is equal to D

Distance from machine pivot

point to canopy, D

'^m\wiim^im^jj^m\^ii^\^^m^mm\mm
Undulation

point

Angle of

mine floor

undulation, 0-

"Upward canopy excursion; E

FIGURE 2. - Upward canopy excursion on end-driven equipment.

Maximum downward

canopy excursion = 9'

Cab -canopy hinge

point
Machine pivot point

and undulation point

FIGURE 3. - Canopy excursion reduction with floating operator compartment.



86

(sin 0), where D is the distance from the
machine's center of gravity to the point
on the canopy being considered, in this
case the rear edge, and is the degree
of mine floor undulation. In figure 2, D
equals 140 in and is 6° , so E equals
14.6 in.

If the operator's compartment and can-
opy cannot float downward below the orig-
inal level of the crawlers of the miner,
as in figure 2, the lowest practical
working height with a canopy would be
14.6 in greater than indicated in table 1

or 2, and the rear end of the canopy
would "roof out" first. However, as
shown in figure 3, floating operator com-
partments on continuous miners are usual-
ly hinged at the end closest to the cut-
ting heads, with the rear end free to

float downward until stopped mechanical-
ly, in this case by the rear bumper of

the miner. The amount of downward canopy
movement depends on (1) the location of
the front and rear ends of the canopy
with respect to the hinge point and

(2) the distance below the crawler at
which the deck is downstopped. To show
how this downward movement can be calcu-
lated, let us examine figure 3.

Figure 3 shows the full-down position
of the operator's compartment—note that
the deck is not resting on the mine
floor. The distance between the downstop
block and the rear bumper of the miner
when the deck is in the level position
(fig. 2) represents the maximum downward
excursion of the rear end of the canopy,
in this case 9 in. Subtracting this val-
ue from the 14.6 in of initial upward
canopy excursion yields an overall upward
excursion of 5.6 in at the rear end of

the canopy.

Now the excursion of the front end of

the canopy must be examined. The angle
through which the canopy rotates when it

floats downward is the same at both its

front and rear ends, and the amount of

downward movement at the front end de-
pends on its horizontal distance from the

hinge. From geometry, the downward ex-

cursion was found to be 2.1 in, using
compartment dimensions provided by the

manufacturer. Subtracting this downward
movement from the 10-in upward excursion
of the front end [from the formula E
= (D) (sin 0) at D = 96 in] yields a to-
tal canopy excursion of 7.9 in. Thus, if

the front and rear ends of the canopy
were at the same level before the 6°

undulation was encountered, the front
end would strike the roof or roof sup-
ports first (7.9 in versus 5.6 in overall
excursion)

.

Note in table 1 that the minimum work-
ing height for canopy-equipped continuous
miners in level conditions was found to
be 39.0 in. The lowest practical working
height with the canopy on the miner in

figures 2 and 3 can now be calculated:

in

Minimum working height in level
conditions (table 1) 39.0

Maximum upward canopy excursion
(fig. 3) 7.9

Total 46.9

Although figures 2 and 3 show a
crawler-driven continuous miner, the pro-
cedure used to calculate canopy excursion
would be the same for any wheel-driven
machine whose operator's compartment is

at the front or rear end. Several models
of shuttle cars, roof bolters, scoops,
and tractors fall into this category.
Because the maximum canopy excursion will
take place when the axle closest to the
operator's compartment crosses the undu-
lation point, the distance D depicted in

figures 2 and 3 would be the distance
from the end of the canopy to the axle of

the nearest wheel. Also, if the opera-
tor's compartment can float downward at
both ends, instead of being hinged, the

amount of downward movement would be the

same at both ends of the operator's com-
partment, and the end of the canopy far-
thest from the axle would roof out first.

In general, the procedure for determin-
ing the lowest practical working height
with canopies on end-driven equipment can
be summarized as follows:
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1. Find the potential upward excur-
sion from the formula E = (D) (sin 0) for
the actual slope change angle and pivot-
point-to-canopy distance,

2. Use actual compartment geometry to

calculate the maximum excursion reduction
possible, as in figure 3.

3. Add the difference of items 1

and 2 to the height obtained from ta-
ble 1 or table 2 for the machine under
consideration.

The resultant distance is the working
height that must be provided to keep the

canopy from roofing when undulating mine
floor conditions prevail. The same pro-
cedure can be used to calculate the
"lowest practical working height" with
the machine itself , simply by adding the
maximum upward excursion of the machine
frame (usually near its rear end) to the
original machine frame height.

Canopy Excursion on
Center-Driven Equipment

Figures 4 through 7 illustrate canopy
excursion as it would occur on a shut-
tle car whose operator's compartment is

located between the tramming wheels.
Most low-profile shuttle cars fall into
this category, along with cutters, face
drills, and many models of roof bolters.

Canopy excursion on center-driven
equipment is different from that on end-
driven equipment in three important ways.
First, the a&ntev portion of the canopy
on a center-driven machine will experi-
ence greater upward excursion than either
the front or rear end. Second, the

wheelbase of a center-driven vehicle is

the critical dimension governing the
overall canopy excursion. Finally, both
upward and downward mine floor slope
changes can cause upward canopy excur-
sion on center-driven machines. There-
fore, four individual mine-machine-canopy
configurations are shown in figures 4

through 7 to describe all situations
where canopy roofing can occur.

Figure 4 shows a center-driven shuttle
car whose deck is fixed at 6 in above the

mine floor, tramming over an upward undu-
lation. This situation represents the

maximum upward excursion possible with a

center-mounted canopy and illustrates
most clearly the geometrical relationship
between the cab, canopy, machine, and
mine floor. Note first the enlarged
sketch of the transition area around the

point of coalbed slope change (undulation
point). The maximum canopy excursion (E)

occurs when the wheels of the shuttle car

straddle the undulation point and the

upward projection of the undulation point
bisects the wheelbase. From geometry, it

can be seen that E = (w/2) sin (0/2),
where E is the upward canopy excursion, w
is the wheelbase of the machine, and is

the angle of mine floor undulation.

Applying this formula to the shuttle
car in figure 4 (w = 120 in, 0=6°)
yields a canopy excursion of 3,14 in.

Note also that the center portion of the

canopy is closest to the mine roof, which
has been drawn parallel to the mine floor
in figure 4,

The lowest practical working height
with a canopy on this shuttle car can now
be calculated (the minimum working height
is 46,5 in because 6 in of compartment
ground clearance is added to the sum of

segments 2 through 7 of table 1):

in

Minimum working height 46,

5

Overall canopy excursion
(fig. 4) 3,1

Total 49,6

Figure 5 shows a slightly different
shuttle car, this one with a floating
compartment, as it trams over an upward
mine floor undulation. The formula for
calculating the potential upward canopy
excursion is the same as in figure 4,
E = (w/2) sin (0/2), However, the over-
all canopy excursion would be equal to
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-w=l20"-

^^^^^^i^mmMimmm^mm

"^^^^^mrmrm

Direction

^mum

Transition

area

Undulation
point

Closeup of transition area

(exaggerated)

E=3.I4

FIGURE 4. - Upward canopy excursion on center-driven equipment (shuttle cor).

-w = 96'-

"^^^^^^^^^^^^^^^^^^^^^^^^^

Direction

Upward excursion negated by

tree-floating deck
Undulation

point

0=6"

FIGURE 5. - Center-driven shuttle cor with floating operator compartment - upward undulation.

zero if the cab deck were allowed to
float downward far enough to negate the
upward movement. Then the lowest practi-
cal working height with a canopy would be
40.5 in, the same as in table 1,

Figure 6 shows the same shuttle car as
in figure 5, this time tramming across a
downward mine floor undulation. However,
instead of floating downward into open
space, as in figure 5, the compartment
in figure 6 will be pushed upward by the

mine floor as the shuttle car crosses the

undulation point. The maximum canopy ex-
cursion occurs when the undulation point
contacts the midpoint of the deck and is

calculated from the formula E = (w/2) sin
(G/2).

Figure 7 shows a shuttle car whose
operator's compartment is fixed at 6

in above the mine floor, tramming across
a downward mine floor undulation. The
compartment ground clearance enables it

to pass over the undulation point as

though the floor were level. The canopy
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No excursion reduction possible Undulation

point

of travel

FIGURE 6. - Center-driven shuttle car with floating operator compartment - downward undulation.

Ground clearance negates upward
canopy excursion

Undulation
point

of travel

FIGURE 7. - Center-driven shuttle car with fixed operator compartment -> downward undulation.

excursion in this situation would be neg-
ligible, and the lowest practical working
height with a canopy would be the same as

the height found in table 1 or 2.

Summary

Table 3 lists the range of canopy ex-
cursions that can be expected when "se-
vere" mine floor undulations of 6° are
encountered. The values in the right-
hand column of table 3 were obtained
from the formulas (D) (sin 0) and (w/2)
sin (0/2) , for end-driven and center-
driven equipment, respectively. Obvi-
ously, end-mounted canopies will almost
always experience more excursion than
center-mounted canopies because the undu-
lation angle is halved in the latter

calculation,

A wide range of potential canopy ex-
cursions exists for continuous miners
for two reasons: (1) Different models

TABLE 3, - Typical values of canopy
excursion'

Canopy
Machine type excursion,^

in
Continuous miners, all
end-driven 6-15

Shuttle cars, center-driven, 3- 4

Shuttle cars, end-driven,,,, 6- 8

Scoops and tractors, center-
driven , 2- 3

Scoops and tractors, end-
driven 6- 8

Roof bolters - single- and
dual-head, center-driven,,, 2- 3

Roof bolters - single- and
dual-head, end-driven 6- 8

Cutters, face drills, and
loaders, all center-driven, 2- 3

' Severe mine floor undulations assumed;
slope change = 6°

,

^Excursion determined by machine model,
compartment location, and design of cab
and canopy.
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of continuous miners can have signifi-
cantly different pivot-point-to-canopy
distances, and (2) the design of the
hinged, floating cab and canopy has an
important effect on the amount of excur-
sion reduction attainable. Cab and can-
opy design is also very important when
calculating canopy excursion on any end-
driven machine.

Excursions of center-mounted canopies
do not vary greatly from machine to ma-

chine because wheelbases do not vary as

much as pivot-point-to-canopy distances.
Also, figures 6 and 7 show that floating
compartments experience move canopy ex-
cursion than fixed compartments when
downward mine floor undulations are en-
countered. Therefore, the only advantage
of using floating operator compartments
on center-driven machines is that they
eliminate the initial compartment ground
clearance, segment 1 of figure 1 and
table 1.

COMPLIANCE WITH MSHA CANOPY REGULATIONS

As stated earlier, present MSHA regula-
tions require the use of canopies on all
face equipment when the minimum mining
height on the section is 42 in or great-
er. However, even though the minimum
working heights with canopies listed
in table 1 are less than 42 in for some
equipment types, there are several rea-
sons why compliance may be difficult or
impossible in low-coal situations:

1. The thickness of required roof sup-
ports or other roof-mounted obstruc-
tions must be added to the minimum work-
ing height to obtain the minimum mining
height. In mines where planks, cross-
bars, or rails are needed for extra roof
support, the minimum mining height (mine
floor to unfinished roof) needed to allow
the safe use of a canopy will almost al-
ways be greater than 42 in.

2. Floating operator compartments are
not presently available for all equipment
types and models. Minimization of com-
partment ground clearance is essential to
the increased used of canopies in mining
heights close to 42 in.

3. The need for equipment operators to
assume upright positions makes it physi-
cally impossible for them to remain be-
neath a canopy without discomfort when
the mining height is limited to 42 in.

This problem cannot be resolved until
compartments are designed to allow pro-
tected machine operation from a reclining
or lying down position.

4. Canopy excursion due to mine floor
undulations can cause roofing to

occur in mining heights much greater than
42 in.

5. The heights listed in tables 1 and
2 were based mostly on static human body
and equipment dimensions rather than
dynamic work procedures. The effects
of the machine frame, the canopy, and
machine-mounted obstructions as the ma-
chine is operated will be very different
from machine to machine. Each operator's
willingness to tolerate constraints to

his comfort and vision will also be
different.

6. In many mines, the mining height
fluctuates above and below 42 in very
frequently. When the mining height is

below 42 in, canopies are not required,
so machine operators usually remove them
to improve comfort and vision. \ However,
these machines would be "out of compli-
ance" when the mining height rises above
42 in. Canopies are often very heavy,
cumbersome, and time-consuming to install
and remove, especially in the confined
quarters of low coal seams. Therefore,
both the mine operator and the workers on

the mining section tend to be reluctant
to reinstall canopies that have just been
removed, if they know that in the near
future the mining height will again fall
below 42 in.

In conclusion, it is obvious that low-
coal canopy problems are very complex
and can be resolved only if the exact
machine, mine conditions, and equipment
operator involved with the problem are
defined.
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