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ABSTRACT

The design of two systems which reference the position of a
Longwall Shearer Coal Miner to the mine roof of the present cut and
of the last cut are presented. This system is part of an automation
systzm that will guide the rear cutting drum in such a manner that
the total depth of cut remains constant even though the front drum
may be following an undulating roof profile,

The rear drum referencing mechanism continually monitois the
distance from the mine roof to the floor for the present cut. This
system provides a signal to control a constant depth of cut. The
last cut follower mechanism continually monitoxrs the distance from
the mine roof of the prior cut to the cutting drum. This latter
system provides a signal to minimize the step height in the roof
between cuts. The referencing system, which includes the last cut
follower, LCF, mechanism and the rear drum referencing mechanism,

RDRM, is designed to be operated manually and it is to be adapted

to interface with a system which automatically controls the drum
position. These two mechanisms are to be stowable and deployable
automatically.

Signals from the two sensors are visually displayed by pointers
on linearized scales to indicate the desired change in height of the
cutting drum. The two mechanisms use mechanical probes which are
actuated by hydropneumatic springs. The dynamic response of this
hydraulic-pneumatic and mechanical system is analyzed to determine

accumulator size and precharge pressure.
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NOMENCLATURE

DESCRIPTION
Axea, IN2
Distance as shown in Figure 2.12, IN
Distance as shown in Figure 2.12, IN
Nominal Height of Deployed Probe, IN

Length of drive arm between its rotating
center and cable head, IN

Diameter of shear pin, IN
Inside Diameter, IN
Outside diameter, IN

Length of drive arm between its rotating
center and piston rod end

Shearing force, LB
Probe contact force, LB

Length between gravity center and rotating
center of link, IN

Mass moment of inertia, LB-IN-SEL}2
Pressure, PSIA

Length of arm as shown in Figure 2.10, IN
Tension in Cable, LB

Volume, IN3

Weizht of a member, LB

Piston displacement, IN

Vertical displacement of probe, IN

Shearing stress, PSI
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NOMENCLATURE (Continued)

SYMBOL DESCRIPTION

) Angle between probe arm and its nominal
. positicn, DEGREES

« Angle hetween arms as shown in Figure
2,10, DEGREES

] Angle hetween arm and horizontal line as
shown :n Figurae 2,10, DEGREES

4 Drive axm angle when piston is fully
extended itn hear end, DEGREES

¢ Angle locating position of drive arm as
shown in Figure 2.11, DEGREES

Y Nominal position of drive arm with
respect to vertical line, DEGREES
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CHAPTFR T
INTRODUCTION

Energy! Americans will long remember those winter mornings in
1975, waiting for gasoline in the freezing dawn. Nor will millions
of cold Americans easily forget the wiater of 1976~1977 and those
drastically lowered thermostats, Consider the natural sources of
energy that are continually present in our midst, sources that would
provide unending power...water, solar, nuclear and fossil fuel. For
many years the most economical energy snurces were natural gas and
crude oil. But these arze rapidly being depleted by the industrial
nations. The severity of the shortage of world wide crude oll can
be better realized when it is noted that more oil has been consumed
in the last 25 years than in all previous years in history. At this
rate, the present known resources of crude oil will be completely

exhausted by the year 2000, Nuclear and solar enerpgy appear to need

long range research before they can be economically applied on a large

scale with minimum pollution. Thus, the world wide demand for energy
has led to the "rediscovery of coal" - the once and future king (1).
It has been estimated that a threefold to fivefold increase in
world coal production must occur during the next 40 vears to meet
increasing energy requirements., Therefore, a big step forward in
mining technology, particularly in remote control, automation and
monitoring to achieve greater safety and productivity, is greatly
needed. This 1is why the Bureau of Mines (BOM) has introduced the

longwall shearer mining technique from Europe and is studying
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the possibility of installing remote controls to iiicrease safety and
productivity.

Wiinly used in Europe, the longwall mining technique was intro-
duced into the United States in 1960, Since then, the longwall
oining technique has been improved and is becoming more popular,
There are three major advantages to this technique. One advantage
is higher recovery rates. Recovery of up to 80X of the coal is
presently obtainable while the BOM reports possible recovery of up
to 90%. This is well above the current recovery rate of 55% for
the average room and pillar mining technique. The second advantage
is high productivity because of an inherently new wmining technique
and high cutting speed. The third advantage is the improvement of
health and safety factore in the mine. The problems with weak
mine roofs are overcome and ventilation of the working area is
improved also (2).

A specific type of longwall mining, known as the longwall
shearer (LWS) method, 1s being studied by the BOM. There are
basically three main parts to the LWS (Figure 1.1): the main frame;
the hydraulic roof supports; and a conveyor system. The LWS is
moved along tracks. As it advances, coal is sheared by two rotating
drums (Figure 1.2). The cutting teeth on each drum form a helix so
that loose coal is moved onto the conveyor belt between the LWS
tracks (Figure 1.3) while the drums are in operation. After the
cutting drum passes the roof supports, these supports are moved for-
ward 30 inches, which 1s the width of cut, As the roof supports
progress, the overburden causes a cave-in of the nonsupported roof.

By using this operating process, the LWS system is able to progress
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along the coal seam properly as it repeatedly shaves off a 30 inch
wide slice along the 300 tn 600 foot long face of the seam.

At present, a man is needrd to control the vertical position of
each cutting drum, However, the depth of coal remaining on the mine
roof after a cut may be remotely measured by a Nucleonic Coal Inter-
face Detector (3). Hence, the use of a Nucleonic Coal Interface
Detector, CID, could allow the LWS to follow the undulating surface
of a mine. Some studies have indicated that f:he depth of a coal
seam does not vary more than a couple of inches over long distances,
even though the seam may have undulations as it follows the earth's
crust. Therefore, it appears feasible to design a rear drum re-
ferencing mechanism (RDRM) which will make contact with the mine
roof and provide an error signal proportional to the deviation of
the depth of cut from the mean height of the seam. Thus, the CID
and RDRM would provide vertical guidance for the automated LWS. A
last cut follower (LCF) would provide another useful signal for
vertical control of the automated LWS because it could provide a
signal which indicates ihe difference between the roof surface at
the present cutter path and the roof surface at the adjacent last
cut. This signal could be used to prevent excessive steps between
adjacent cuts in the roof., The National Aeronautics and Space
Administration, NASA, is working with the BOM, to automate the LWS (4).

Since the CID has been designed and built, the next step is to
design the RDRM for referencing the rear drum of the LWS to the roof
surface. The main idea of this referencing system is to use a probe,
which slides along the roof of the cutter's current path, to give the

information on the depth of the present cut. Also, the LCF is
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designed to slide along the mine roof in the previous cut. This
wiil provide a signal which is proportional to the deviation cf the
roof top between the current cut and the prior cut.

The purpose of this thesis is to design, analyze and prepare
detailed drawings of the RDRM and the LCF. The LCF will be deployed
for the forward cutting drum and retracted for the astern cutting
drum. The RDRM will be deployed for the astern drum and stowed for
the forward drum.

The thesis will first discuss design concepts and the complete
system design and will then analyze tﬁe system's dynamic response.

Seven concepts for the system are investigated but only twy
concepts are fully developed. The hydraulic system and dynamic re-
sponse analysis of the RDRM are developed. The optimization of a 4-

bar linkage in order to linearize the output of the sensors is also

included.
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CHAPTER II

DESIGN OF REAR DRUM REFERENCING SYSTEM

2.1 General Description

A rear drum referencing mechanism is designed to produce a con-
trol signal for the rear drum so the total depth of cut will remain
constant even though the front drum may be following an undulating
roof line. The RDRM is designed to withstand the severe mine envi-
ronment. Because combustible gas 1s always a mine hazard, the
complete system is actuated by hydraulic power instead of electrical

power.

2.2 Functional Requirements

1. The rear drum is to follow a guide in.such a manner that the
total depth of cut remains constant even though the front drum may
be following an undulating roof line.

2. A probe which actuates the guidance system is to contact the
mine roof in the vicinity of the rear drum,

3. The guidanée system output is to be a visible pointer which
indicates the required change in drum height. The change in drum
height is to be controlled manually. However, the design must be
able to interface with a system which automatically controls the
drum position,

4. The system is to be stowable and deployable automatically.

5. The system should be capable of relocation to measure the

distance from the ceiling of the last cut to the front drum,
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6. The system must be designed for operation in the severe
environment of a coal mine.
7. The system is to be mounted on a Joy Longwall Shearer. It

should be adaptable to other brands of Longwall Shearers.

2,3 Design Concepts

Several design concepts were investigated during the development
of the system, The major difference between those concepte is the
method of supporting the probe. These alternative concepts will be

presented.

2,3.1 Alternative Concepts

The scissors type (Figure 2.l1) arrangement can allow the probe
to operate on the "last cut" beside the front drum or on the current
cut" above the rear drum. The probe will move in a direction which
1s perpendicular to the main frame of the Longwall Shearer at all
times due to the constraint of the parallel linkage.

The dual parallel linkage concept for supporting the probe
(Figure 2.2) also holds the probe perpendicular to the main frame
as in the first concept, but the parallel links are shorter to improve
linkage stability and to pruvide more clearance for the hydraulic
motor,

The multiple stage hydraulic cylinder concept (Figure 2.3) uses
a rotary actuator to retract the mechanism. However, it would be
difficult to prevent rotation between each stage of the telescoping
cylinder.

The telescoping cylinder with guide tube concept (Figure 2.4) is

a modification of the multiple stage cylinder concept except that it

EATREY et MR T

P ML PR




4dd30N0D 3dALl SHOSSIOS -2 3uN914
=] “3g0N¥d N¥O04d 3ISNOJLSIY
1SV 3A19 01 ¥OLVINNAOY OL
0IMOVLLY ¥3UMTD VACIN — RUY  UFUVIHS TIVAMNOY 7
~32v340S
s 3308d 40 JOL 30 NOLL!SGd S3IAIR
|m " GOW TYJILH3A GNV OO¥ WSONITAD
w 0L GIA2viLY FIBYI WIINTHIIN
o<
<D ANIT IXIILUIA
o O
2%
Z0
m [+
o L.
OO0

RONG SNLLAND

ZARD IN3SIWY, ML OL ,1iNd ISV, FHL
WOM3 IAOM QL ATIVNILYY _9 100GV
G3A0W 38 i30A JWIUGS LIVANGD 3ISONd

“429¥ 3NL 0L WAEC
WYIY 3IHL JININIST oL
Q3SH N3MM NOWISOd 3Si3uHs

THINSINO2 1ad Lo
34 LOLISCA nBY



11

1430800 3IViNNIT 13TIVHVE WNQ -2 34NoI4

\'"u'll,'ll! - am— " e e s ey G S S S — —— — — —

L

RIS 2T



R M T I TR T T TREEETIE Rt e e e RPN o o RS ISR AR T IR T

12

OF POOR QUALITY

ORIGINAL PAGE IS

1d30NOD H3ONITAD 39ViS 3IJNHILWNIN €°2 38N9id

BOIVALIY AuvioM

SN

. A_ﬁa
Sy
_ ; %/7 Ld .
e -
T N Z
JANTEI NIV SA \ =T ' -.J \,\\
3Iv25 © w3IINlod T 3 7

\x&
%
N\ J
R
NS
N
\\\\
N
N

IUNDIS KOLLISOd ¥0d 3I7EWD

/
{
P e
l
iy \O
P 1

[ .:::u/{

NNSNNNNAN

N\

320ed QIWCT S —_ 1

Wos—= L LSS S TS S




13

J

4d30N0D 38nL 309 SNIdODS3T13L 3HL -2 3unoid

318V
AVEC33 4 zc.tmglﬂ

WYY  eNIBNVY
Ik

anvyd
—NIVYN SM1

y

:mv.

s3anl 3ain9
~— ONIdJ0JS3 1AL

¥3GNITAD |\
21INVNAAH

39ViS FdILMN

3Qviuns
10VINOD
ONISN3S

FAIVA 10HINOD—

3A37 NOWVNLOV—

41HOI3H doou
N3AI9 ¥V ¥04 138
dOlS 318VHOVL3Q

NOILO3NHIO ‘M°D°D NI
a3avol 9ONINdS

1334 318Vvo

T e



14
is instalied on the LWS arm with a guide tube to prevent telescoping

cylinder rotation,

The single stage hydraulic cylinder concept (Figure 2.5)
replaces the 4 stage telescopic cylinder concept. This concept will
reduce the cost considerably, because the purchased items are standard
and the hydraulic system is simplified. This concept was chosen for

complete development.

2.3.2 The Final Concept

The concept which was selected for development is shown in
Figure 2.5 and Figure 2.5A. This concept uses a single stage
hydraulic cylinder to extend a telesccping rectangular tube. The
outer telescoping tube is anchored to the LWS ranging arm by a pivot
at the drum center and with adjustable turnbuckle. The turnbuckle
provides correct angular positioning to place the probe directly
over the cutting drum center for various coal seam heights and sizes
of cutting drums., This turnbuckle adjustment should work for
constant depth coal seams but not for variable seam thicknesses,

The probe surface which rides on the coal roof is on an arm
which is pulled up against the roof by a cable. The tension in
the cable is approximately constant as it is provided by a hydrau-
lic cyclinder pressurized by an accumulator which will be described
in the next section. A general outline of the final design is
shown in Figures 2.5 and Z.5A.,

The rectangular two stage telescoping mechanism used in the RDRM
is illustrated in Figure 2.6. The inner rectangular tube is pushed

up by the hydraulic cylinder when it is pressurized by the hydraulic

R
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valve. As the inner rectangular tube moves up, it rotates the spur
gears and the chain sprocket because the spur gear is engaged with
the rack which is fixed to the outer rectangular tubgs. The lower
sprocket drives the upper sprocket and the upper spur gear via the
chain, As the upper spur gear rotates, it will drive the floating rack
upward in the inner rectangular tube, A hydraulic actuator and pivot
assembly (Figure 2,6A) are mounted on the top of the floating rack.
The actuator can rotate the probe 90 degrees for the storage position.

The visual readout of the drum height correction required for
maintaining a constant depth of cut is provided by a pointer which
gives a linear readout from the nonlinear signal of the probe.

The probe transmits the signal to the 4-bar linkage by a cable.
The general arrangement of 4-bar linkage is shown on Figure 2.7,

When the whole mechanism needs to be retracted, the first step
is to change the 4~way valve position so that the double acting
cylinder can pull the inner rectangular tube and the modified rack
down. A second hydraulic valve is actuated to rotate the probe arm
90 degrees into the storage position.

Because of the long probe arm, an aluminum tube 18 used to
reduce mass and to obtain a quick response time. 2Zinc dichromate
primer should be used prior to applying finish coats to avoid galvanic

action between steel and aluminum.

2.3.3 Hydraulic Circuits
There are three hydraulic circuits to operate the system. The
purpose of the vertical positioning circuit is to raise or lower the

pivot of the probe for different average coal seam thicknesses. As
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the oil supply to the cylinder for the purpose of raising or lowering
the probe by way of the gear rack, gears and chain as shown in Figure
2.6. The relief valve is used as a safety device in case of a roof
cave-in. The sensing circuit provides approximately a constant force
between the probe and roof of the mine by the cable which connects
the probe arm to the visual readout linkage. This constant force 1is
obtained by using an accumulator for the hydraulic supply. The arm
may be lowered by reversing the actuation cylinder in this sensing
circuit.

The angular deployment circuit controls the probe arm position.
The arm can be positioned normal to the direction of travel for the
active position or the probe arm méy be positioned parallel to the
direction of travel for the stow position. The circuits will use
the same source of oil as the LWS. Pressure reducing valves are used

to obtain the required pressure.

2.3.4 Overload Devices

A shear pin is provided to prevent damage due to a frontal force
acting on the RDRM. Located at the top of the telescoping rectangu-
lar tube adjacent to the turnbuckle, this hollow shear pin should
shear at a load of 5000 1lbs which is much lower than the load which
would fail the axle pivet. The shear pin is made of SAE 1018 CFS
material which has a tensile yield stress of approximately 56000 PSI
and a shearing yield stress of 0.577%56000PSI. Thus, the diameter

of shear pin, d, is

ot -
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JF 5000 __
T =3k ™ 30n Y aZ = 0-577456000 PSI

d = 0.313 INCH

Since the pin diameter 1s small, the bearing stress will be high.
Hence, it is better to use a hollow pin instead of a solid pin. If

we assume the wall thickness is 0.0625 inch, then

do - d1 + 0.0625 * 2

where
do = outside dilameter of pin

d, = inside diameter of pin.

i

The shear area of the solid pin must be equal to the shear area of

the hollow pin. Therefore

2

14 * (0.313)% = /4 *(do2 - 45 .

Hence

d, = 0.337 inch

i
d0 = 0.462 inch.
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The relief valve and accumulator in thc hydraulic system also
serve as safety devices. The accumulator provides the hydropneumatic
spring for the probe arm. Thus, when an excessive vertical load is
applied to the probe, such as during a mine roof cave-in, the
accumulator allows the probe to move down to the bottom of its travel.
If the excessive vertical loads cont nue, the relief valve will be
actuated to allow the rectangular telescpping mechanism to collapse

also.

2.3.5 Dynamic Response of Rear Drum Referencing Mechanism

The dynamic response of the RDRM probe is investigated to
establish a design which will maintain contact at the coal roof. The
following parameters are determined from the dynamic study: (1)
accumulator size; (2) inertia of probe arm; (3) precharge pressure
of accumulator.

There are three hydraulic circuits; a vertical positioning
circuit for different roof cuts, an angular deployment circuit for
stowing the probe, and a sensing circuit which drives the deployed
probe. The first circuit controls the various heights of a rectan-
gular telescoping mechanism for different cutting drum diameters and
coal roof heights. This circuilt is controlled by a double acting
hydriulic c¢ylinder with a maximum stroke of 18 inches and a three-
position-four-way control valve as shown in Figure 2.8. The second
circuit rotates the probe arm 90 degrees when the rear drum referenc-
ing mechanism is deployed and stowed per Figure 2.9. The sensing
citcuit exerts a steady force on a cable to pull the probe against

the roof surface when the probe is in the active position. This

P TN e e
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circuit is shown in Figure 2.9. The existing hydraulic system on the
LWS will serve as the source of pressurized hydraulic oil for these
three circuits. Pressure control valves are installed in each circuit
to provide the required pressures,

A mathematical model of the hydraulic system will aid in the
determination of required pressures, capacity of accumulator needed
to obtain the desired response time, angular velocity of probe arm
rotation, and contact pressure between probe and coal roof.

Only the dynamic system of the sensing circuit which drives
the deployed probe will be analyzed. Because it consists of
a long arm and heavy probe, the system was simplified as shown in
Figure 2.10 and 2.11 for mathematic formulation.

The moment about the pivot for the system in Figure 2.10 may

be written as
+)EM -1.6
o

b cos(B + 8) - TS cos(*= =B - 0) m 1 o .

-~ FR a cos(B + 6) - w 2

2

But, cog(f + 0) = cos B cos B - sin B sin O

cos[(0 = B) - 6] = cos(a = B) cos 6 + sin(o - B) sin ©

Hence,

- FR a {cos Bcos 8 ~ sinfsind} - wzb
{cos 8 cosf - sinesins} - TS{COS(G- B ) cos g +

sin(x - B)sind} = 125

AT T L
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For small angles,

cos O =1
and
'1“ L ec
Therefore,
~Fp a cos B~ w,b cos B~ TS cos(x - B) -0-6{P'R a sin B
+ w,b sin § - TS sin(= - B)} = L0,
or,
v ,FR a sin B L)) b 8in B TS sin(==8) 7
6 -01{ 1 + 1 -~ I “ } +
2 2 2
FRacosB wzbcosB TS cos (= - 8)
{'—’-i—-'—'—"' +_tI + = 1 } =0 ,
2 2 2
or,
6-6C +Cy+T(Cyt0C) =0 (2.1)
where,
F& a sin B Wy b sin B
o T I
“2 2
FRacos B wzbcosB
Cr =1 T3
2 2
C. = S cos(= =8
3 I

2
(s sin(x - B)) /1, .

IR
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The cable tension (T), which provides the accelerating force in
Equation 2.1, is developed by the hydraulic cylinder and accumulator

in Figure 2.11. The equation for pressure (Pz) and accumulator gas

volume (Vz) is
n
szé C
or,
n n
P,V, = P \Y

2°2 ap ap .

The maximum volume of air for the accumulator is vmax and occurs when

all oil is purged from the accumulator. This volume V %’ is

ma

pressurized with a pressure, Pap’ for an initial precharged state,
Due to leakage from the system it is desirable to store some oil
in the accumulator by pumping it in at a pressure, Pc. in excess of

Pap' The quantity of oil stored will be a function of Pap' Pc and

v
max

(1/m)

Wy = Vou1) = G V)
c

max oil> max

If we select voil = 3,5 IN3 and n = 1,4 for air, then,

b ap Voax ;.4
c ap vmax - 3.5

The hydraulic cylinder is fully extended under the above conditions
of precharging with air and charging with oil. When the piston

moves a distance, x, (Figure 2.11) the oil in the piston is forced

B .
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NOTE: X=O WHEN =0

FIGURE 2.11 EQLEVALENT OYNAMIC SYSTEM OF LINEARIZED
4-8BAR LINKAGE

NOTE: X=0
WHEN 9=0

FIGURE 2.12 RELATION BETWEEN ANGULAR POSITION OF.
ARM and LINEAR POSITION OF PISTON
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into the accumulator and the agccumulator air volume is reduced by

AV = x Ap
where,
Ap = area of piston.
Hence,
Py ™ Pap(v véag.s -x A a '
max P

The functional relationship between the piston displacement and
the angular linkage movement is illustrated in Figure 2.12., The
following derivation will result in an equation which expresses x

as a function of the angles ¢, v, and y,

When
¢ =0 06=0, y=0, xy¥ 0.

When

$ = =V: x =0,

x-az-al

a; =esin((y +y) = G +¢))
a, =e s:ln(y - ¢)
a, = e 8in(y + y)

St




Hence,

x=mesin(y+ V) —e sin(y - ¢)

but

' sin(A - B) = sin A cos B - cos A gin B .

For small angles

gin ¢ « ¢ and cos ¢ ~ 1.

Hence,

x=esin(y +¢) - e(siny ~¢cos y )
but ¢ =g 8/d.
Thus,

x = esin(y +¢) - e siny + E—%—g-cos Y
Let

B9=e($in(y +y) - sin y]

B10= ) e;osY
Then

x=B_+86 BlO-

32
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The moment about 04 for the arm in Figure 2,11 may be simplified 1if
the inertia of links 5 and 6 are neglected and 1% the moment due
to the weight 'ii,‘ is neglected. The resulting free body diagram is
shown in Figure 2,12.

-z-) IM= 39

Td cos(y - ¢) - P3 Ap e cos(y =¢) = 14;

T dlcos ¥ cos¢ + sin v sin ¢} =~ P, Ap e{cos y cos ¢

+54n ¥ 8in ¢} -143 .

For small angles,

sin¢ » ¢ ; cos¢ = 1.

T dlcosy - ¢ siny }-P3 Ap e{cosy +¢ siny}= 14;

14¢ + P, Ap elcos Y +¢ sin v}

dlcosY +¢ s8in y} §

T =

But ‘ :

b wo S
a

The pressure at any position, x, is:

1.4

( Vmax )
ap 'V - 3.5 - x Ap

when 3.5 IN3 of odl are pumped into the accumulator while x = 0

and after precharging.

TG AR ey
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For a 1.125 inch diameter piston,

2
7d 2
Ap -‘ 3 1 in .

If the friction loss in the pipes and fittings is neglected,

Py=P,~ 14.7 psi

3

since P3 is gage pressure and P2 is absolute pressure. Therefore,

\'
o max 1.4 0s
i 1,(65/d)HP, (——7 5_(BovaByy)) ~14:7) e {cosY+ - F sin Y}

d{cos y + Qas.r;in v}

Lo
-~

Let
B, = I, s/d
By = d cos ¥
By = S sin Y
Vmax 1.4
B, = {P_( — e ) 7=14.7}e(cos ¥
4 ap'V__ -3.5 (394' 6B, )

+°aﬁ sinY)

Then, the cable tension is given by the following equation;

B 4B
8 1 4 _
T+ o8 s (2.2)

Iy S T R T ey~ SR S 485
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Now combiiie Equations (2.1) and (2.2) for T to obtain:

3-°c1+c2+{§-211%:§} (c;+8c) =0
Let .
BS"‘E}‘}?ET;"CS +8 €
B¢ "1 +B58;
Hence,
536-9 cl+c2+5435-0
or

. (08C, -C, =B, Be)
G = 1 2 4 5 (2.3)
Bg

Equation 2.3 expresses the position of the probe in terms of the
dynamic properties of the system. This equation will be used to

design the system.

Two computer programs were written to calculate the response time

angular velocity, acceleration and torque of probe arm, tension of
cable, vertical travel of probe, and pressure change of the hydraulic
system. Figure 2.13 shows the response (i.e. the vertical travel)

of the probe for two different precharge pressures (P1 and PZ) in the
accumulator. The response 1s shown for a 30.8 1n3 accumulator. A
volumne of oil, V'' = 3,5 IN3, was pumped into the accumulator after

precharging and while the hydraulic cylinder was fully extended, i.e.

R T T TS 4 -

© e
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K
x = 0. This produced pressures greater than precharge pressures
at x = 0.

Figure 2.14 shows the relation between the angular position of
the probe arm, theta, and the hydraulic pressure with two different
precharge pressures (P1 and P2) and with two sizes of accumulators
(Vl and Vz). From the curves it can be seen that an accumulator
volume of 30.8 in3 and a precharge pressure of 114.7 psia will give
a fairly smooth curve without building up a high pressure in the
operating range of the probe arm. So, the recommended accumulator
size is 30.8 in3. The accumulator was filled with an oil volume

" 3
V , equal to 3.5 IN

after precharging and with the hydraulic cylinder
fully extended.

Figure 2.15 shows the relation between precharge pressure in the
accumulator and time required to rotate the probe arm from a position
of 61 = 45 degrees or 62 = -7.5 degrees to obtain a certain angle
when the probe will contact the coal roof which is theta equal to
~10 degrees. From Figure 2.15 it can be seen that the minimum pre-~
charge pressure in the accumulator is 60 psia. This means that the
precharge pressure below 60 psia will not be adequate to move the
probe at all positions in the operating range. The influence of a
small volume . of oil (V', V", V'"') on the dynamic response is in-
dicated. This volume of oil was pumped into the accumulator after
precharging and with the hydraulic cylinder fully extended. Some

excess of oil is required to make up for leakage through the hydraulic

valves.

e e e g e
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The modified Euler (predicator - corrector) method and Runge-
Kutta 4th order method were used in the computer program to 1ntegr9te
the equation (2.3) for accuracy‘comparison Both methods provide the

same answer as shown in Appendix B.

2.3.6 Design of Linearized Visual Readout Linkage

To design a 4-bar mechanism to generate a desiyed function with
four precision points or more, we might write the Freudenstein
equation for these points (5), However, beyond the 4 points the
calculations become so extensive that making them is impractical
unless they are programed for a computer. In this paper, we include
here one very practical approximate way of design for multiple -
coordinated input and output - crank positions. The procedure, which
is called the "overlay method", will be illustrated by the following
example, |

A 4-bar mechanism is to be designed so that the angular dis-
placements of the two cranks will be related according to the follow-
ing schedule:

Degrees Rotation
From Starting Position

Position Number First Crank Second Crank
0 0 0
1 30 17
2 60 36
3 90 59
4 120 88
Procedure:

(1). On transparent paper make a layout, Figure 2.16, showing the

st
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successive positions of the first crank. Use any convenient length
for this crank. Assume a length for the connecting rod and draw the
family of circle arcs of this radius with centers at the successive b
crankpin positions.

(2). Make a second layout,-Figure 2,17, showing the successive
positions of the second crank and a series of possible lengths for
this crank.

(3). Fit the first layout over the second, as shown in Figure 2.18,
trying to make the circle arcs of the first pass in proper order,

through one of the series of possible crankpin positions of the second :

It may be necessary to try other connecting-rod lengths, redrawing

the first layout, before a satisfactory fit is obtained or the

conclusion 1s drawn that none exists. ;
This 1s a good, practical procedure that will yield satisfactory

results for many problems, especially those for which the tolerance on

position of the output crank is of the order of 0.5 degrees or more.
Now, to return to our design problem, it is necessary to show

the LWS operator a linearized scale of a + 2 inch range with one inch

increments for the distance which he must move the cutting drum.

We need 5 points, i.e., 5 linear output crank positions from 5 non-

linear input crank positions. Using the overlay method, we obtain

a satisfactory fit for the visual scales of RDRM and LCF readout

system as shown in Figure 2.7. The pointer pivot shaft may be

directly connected to a linear rotary potentiometer if an electrical

signal proportional to drum height correction is desired.
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R e et Gt Ak

&)

FIGURE 2.16 THE OVERLAY METHOD, THE SUCCESSIVE POINTS
OF THE FIRST CRANK,
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FIGURE 2.17 THE OVERLAY METHOD, THE REQUIRED
POSITIONS OF THE SECOND CRANK.
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CHAPTER III
DESIGN OF LAST CUT FOLLOWER REFERENCING MECHANISMS

3.1 General Description and Functional Requirements

It is desired to have the ceiling for the "present cut” within
+ 2 inches of the ceiling of the "last cut'". This control of the
size of discontinuities in the roof surface (Figure 3,1) is required
to avoid excessive tilting of the hydraulic roof supports,

The last cut follower mechanism, LCF, is designed to measure the
distance from the ceiling of the last cut to the center of the front
cutting drum. The difference in the height of the LCF probe above
the drum center and the radius of the arum provide the distance; or
error, in ceiling height between the last cut and the present nut.

A visual pointer is provided which will indicate this "error" in
front drum position so that the LWS operator can elim%nate it by
raising or lowing the front drum manually. But the design will be
able to interface with a system which automatically controls the
drum position, This mechanism is also designed to be stowable when
used with the rear cutting drum and deployable when used with the
front drum. It is also designed to withstand the severe environment

in the coal mine.

3.2 Design Concepts
Two design concepts for the last cut follower are investigated,
but only one is fully developed as a final deaign. Figure 3.1 and

Figure 3.2 show these two concepts. Both concepts are installed



45

ONV WVYD HilA WSINVHOIN W3IMOT04 113 18V |°€ 3uneid

|

¥WIMO1T0.

- le— 3808d

Pl " o

] 4n3

I [ LY3GNIIAD
; " IAVNGAH
_ | y3IM0I 3718v)H lN

: ,_,lll.-l ..............

VAT IS TSNS DN TITIITTNE,

; Y3ANNIA
“ SI'INYHAAH

/ ¥3ddn

AN wvo

[3 m
4008 W05

pwer



P et v o v e ste, Sl ey L o4

e T Vb R

46
on the same support tracks. The main difference between these two
concepis is that the first one uses a cam follower, a cable under
light spring tension to actuate the pointer, three concentric tubes,
and two hydraulic cylinders in the base. The latter uses only one
hydraulic cylinder in the base and a push-pull cable with a hydraulic
cylinder to actuate it.

Figure 3.1 shows the lower hydraulic cylinder which drives
the cam which rotates the probe arm down frum contact with the roof.
The probe attempts to exert a constant contact force on the coal roof
because it is desired té have a constant acceleration of the probe
as it moves into a void. This force is supplied by the spring on
the pointer and by the torsion spring. The cam will keep' the
probe arm in the stow position while the upper housing is totated. The
upper hydraulic cylinder will rotate the upper portion of the
mechanism from the deployed to the stow position and vice versa.

The second design, which is shown in Figure 3.2, is simpler than
the design in Figure 3.1. The number of conceniric shafts is veduced
and the torsion spring is eliminated. This is the final design
because the simplification will reduce cost and improve the manufac-
ture ability significantly.

The probe is held against the coal surface by the force which
originates in the LCF visual readout linkage, Figure 2.7. This
cylinder is supplied with oil from the accumulator as the probe
moves over the undulating roof 'surface. The force is transmitted

from the cylinder to the probe via the system of levers, cable and
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gears. The cable is in tension when the probe is :in the active or
deployed position. The probe may be pulled into a stow position by
actuation of the hydraulic cylinder in Figure 3.2 and by actuation
of the hydraulic cylinder of the LCF visual readout linkage to place
the cable in compression. The following sequence of events describe
this operation. First, the probe arm is rotated downward from the
roof surface to the horizontal position by pressurizing the rod end
of the cylinder which places the cable in compression. Second, the
cylinder in the base is pressurized on the head end to cause the
top of the LCF support to rotate, the compression force of the cable
continually forces the arm to remain in the horizontal position as
the LCF support rotates.

A pointer, which moves over a linear scale, 1s attached to the
cable so that the LWS operator can change the front drum height
through use of this visual system. By using the overlay method (5},
the response of the probe is linearized so that the distance on the
scale of the pointer is directly proportionai to the vertical
distance traveled by the probe. To reduce wear and friction needle
bearings and needle thrust bearings are used in this linkage.

To keep the mechanism in the vertical position and get the most
correct readout, two curved tracks are developed. An error would be
produced in the LCF reading if the LCF is not perpendicular to the
roof of the mine because it would not indicate the perpendicular
distance from the drum center to the roof.

The mechanism is mounted on the tracks for a specific angle
position of the ranging arm. When the angle of the ranging arm is

changed, the whole mechanism must be relocated by loosening the bolts

R S R,
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ez

on the LCF base. The center of the radius of the curved tracks is
at the axis of the cutting drum., Thus, the mechanism can be
relocated easily to the vertical position when the angle of the arm
is changed. Since it is assumed that the coal seam depth is relative-
ly constant, this track adjustment should not be required frequently.
A general outline of this system is shown in Figure 3.3.

A shear pin is designed for the probe arm to protect the main

body of the mechanism in case of a coal roof cave-in. Since the

system is omitted. The linearized visual readout mechanism is com-

bined with the RDRM system as shown in Figure 2.7.

3.3 Hydraulic Circuits

There are two hydraulic circuits to operate the system. The
purpose of the sensing circuit is to raise or lower the probe via the
linear actuator, cable and bevel gears as shown in Figure 3.5.
There 1s a pointer to show the probe height while the probe moves
along the undulating roof profile. A relief valve is provided to
prevent damage from roof cave-ins. An accumulator is also used in i
this circuit to provide the hydraulic cylinder with a steady supply
of pressurized fluid. The angular deployment circult is provided
to rotate the probe arm 90 degrees from the deployed position to

the stowed position or vise versa aé shown in Figure 3.4,

e e e e



30

3071 3H1L J0 3NINLINO IVH3N3D £°C 3uN9il

WM3IA_30iS A3IA 1NOYU3

WNHa

SNLLLND 1INO¥i—

v m!w
I\I\J

ALAALA AR AR AL A ANAAAA AN A A AN A AN\

, .
T ) |e——d401 A
i +
£a——380d A
TP 7777777777777 {77777 77777 e 2 777
3008 “WNOO 4004 V0D

lla..‘



51

(¥2M0TI02 1Nnd 1ISYT)
350Ud ¥Qd LIPQJWID ULNZWACTHIT ¥VINCNV »-£ 3913

dNNS ]

NI BNISNIS 4_

AAYA 43

dNns
M

MON4 3NN

ope o

>-2]

3ATVA  0H4K0D &

AWR 9=-N5I1ISOd €

NOILISOd (J2A01d3T
380u4

e JCOY
3SOH-* .

NOILISOd MCLS 3Q0ud

%1



T B, B ORI LI £ R

52

(SMOTI0d 1N ISV 1INJ¥ID ONISNSS ‘g-g Jumotd

AMOMI3 ININAOWI0
¥yrnsNy Gl 3Ix11

3AVA 43NN
m nns
35IA ;
Jne “I0ULINGD s B
FunSS3vd T : ;
5 o _
c @
Zmns
m

. ALY MRNISY
IAWA 1081N0I .\ M. .
AVA ¥-NOILISOd € - tJ

FAWA T

.y
¥OoLvA LIV nﬁzsﬁ
ol =

M
2 315V2
w1 . ]
390ud 2,
M0 001 ™,/ i
~N );
[

- ¥3LL0D INCHY
T77777777/77 I+
2008 T t4

HOlH COL
¥31100 2NOHJ




CHAPTER 1V

CONCLUSIONS AND RECOMMENDATIONS

Five design concepts for rear drum referencing mechanism and
two design concepts for last cut follower mechanism are presented.
Only one concept for each system is fully developed. A total of
twenty~four design drawings, which are listed in Appendix A,
are prepared for manufacturing. The final design concept for the RDRM
i8 1llustrated in Figure 2.5, while the final design for the LCF is
shown in Figure 3.3. Outlines of the LWS with the RDRM and the LCF

at thelr extended and retracted positions are shown in Figure 4.1.
The suspension system for both the RDRM and the LCF use
hydropneumatic springs. The dynamic response characteristic of the

RDRM is analyzed. The recommended accumulator size is 30.8 1n3

, the
precharge pressure is 114.7 psia, and the initial oil fill is V''=
3.5 in3. The dynamic response of the LCF was not analyzed in detail.

The RDRM and the LCF may be remotely deployed or stowed.

It was not feasible to use the RDRM to perform the LCF function.

Visual indicators are provided to indicate the roof step between
the last cut and the present cut and to indicate the required change
in rear drum height.

An orderly procedure for deploying and retracting the RDRM and
LCF is required to prevent interference.

Preliminary experiments should be conducted with the initial

models to verify response time and to check the rate of oil leakage

across the valves.
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If the nucleonic coal detector is to be mounted to the LWS, the
mounting system will probably require some changes to the RDRM and
LCF mountings,

The performance calculations should be repeated to include
friction loss in fluid flow. The equation for B5 as shown on Page 35
is correct, but a sign error exists in the computer program. The
general conclusions do not appear to be significantly affected by

the error.
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