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(54) MINING MACHINE

(71 We, BRESSER EUROPE S.A., a
limited liability company incorporated in
Belgium of Boulevard du Souverain 191-
197 (B-3) 1160 Brussels, Belgium, do here-

5 by declare the invention, for which we pray
that a patent may be granted to us, and
the method by which it is to be performed,
to be particularly described in and by the
following statement: —

10 This invention relates
machine.

It is known practice to drive the haulage
winch of a mining machine by a fluid
operated driving mechanism which usually

15 comprises a hydraulic pump and a
hydraulic motor. The pump and motor are
employed so that an infinitely variable
speed output can be obtained and hence
the feed rate from the pump to the motor
is adjusted to suit changes in the hardness
of the material which is being cut by the
mining machine. Similarly, the rotary cut-
ter(s) of the mining machine can be driven
by such a .hydraulic drive. However,
hydraulic drives in use underground pre-
sent difficulties as regards the risk of en-
vironmental dust at the coal face entering
the hydraulic system, thereby increasing
the need for maintenance. Electric motor
30 drives are more suitable for use especially
in situations where high quantities of dust
are present but motor speed control re-
quirements can give rise to complex and
costly control circuitry.
35 According to the invention there is pro-
vided a mining machine having drive unit
means operative to drive a haulage winch
of the machine and a cutting tool of the
machine, the drive unit means comprising
at least a multi-phase induction motor with

a wound rotor, the motor being provided

with a circuit connected across the rotor
windings and with means for varying the
effective impedance presented by the said

45 circuit to the rotor windings.

to a mining
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In this way, the motor speed over the
full range of operating torques can be
varied over the higher speed ranges up to
maximum speed as well as over the lower
speed ranges through which the motor 50
passes transiently on starting up. The effec-
tive impedance presented to the rotor
windings may be varied in discrete or in-
finitesimal steps.

Preferably, the effective impedance vary- 55
ing means comprises a feedback loop in-
cluding control means arranged to control
the effective impedance presented by the
said circuit to the rotor windings in
accordance with a predetermined criterion 60
set in the control means. Alternatively,
however, the effective impedance can be
varied manually from a controller.

The drive unit means preferably com-
prises respective drive units arranged to 65
drive the haulage winch and the cutting
tool, at least one of the drive units com-
rising a multi-phase induction motor with
a wound rotor, provided with the aforesaid
circuit and the aforesaid effective imped- 70
ance varying means. However, it could
alternatively comprise a single such drive
unit arranged to drive both the winch and
the cutting tool.

For a better understanding of the in- 75
vention and to show how the same may be
carried into effect, reference will now be
made, by way of example, to the accom-
panying drawings, in which: —

Figure 1 illustrates diagrammatically a 80
mining machine having an electric cutter
motor and an electric winch motor, the
latter being an induction motor with a
wound rotor,

Figure 2 shows, diagrammatically, a 85
speed control circuit provided for the
winch motor, and

Figure 3 is a graph of the winch motor
torque speed characteristics, illustrating
operation of the control circuit.
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Referring to Figure 1, a mining machine

1 comprises a body 2 mounted for move-

ment along a face conveyor 3 and having

at each end a cutting drum 4. The body 2
5 houses an electric cutter motor 5, driving
the two drums through cutting unit gear-
boxes 6, and an electric winch motor 7,
which by means of a winch motor gear box
8 hauls the machine along the conveyor.

With reference to Figure 2, the winch
motor is a three-phase induction motor
comprising a stator winding 19, which is
fed from the multiphase alternating cur-
rent source via switchgear 10, and a wound
15 rotor 17 having respective phase windings,
across which is connected a circuit 100
having a three phase, full wave, rectifier
bridge 11 which rectifies the rotor voltages,
two parallel connected branches, one of
which includes an impedance shown in the
form of a resistor unit 12, and a filter
consisting of an inductor 14 and a capa-
citor 15. Normally, the connection between
the phase windings and the rectifier bridge
will be by way of slip rings in order to
keep the bulk of the rotor circuit (i.e. the
rotor windings in combination with the
circuit 100) separate from the rotor and
stationary but this is not essential. The re-
sistor unit 12 is connected in series with a
direct current thyristor chopper unit 13
and the branch incorporating these two
series-connected components is connected
to the rectifier bridge output via the filter
comprising the inductor 14 and the capa-
citor 15. A further direct current thyristor
chopper unit 16 is connected in the other
branch so as to be in parallel with the
chopper unit 13 and resistor unit 12 in
series.

The speed of the winch motor is
governed by the effective impedance pre-
sented by the circuit 100 to the rotor wind-
ings, this effective impedance being con-
trolled by a feedback branch from the
wound rotor 17 comprising an overall logic
unit 18. When neither thyristor is fired, the
rotor winding is on open circuit. When
the thyristor of chopper unit 13 is fired,
the resistor unit 12 is connected into the
rotor circuit which then has an effective
resistance of Ry (see Figure 3). When the
other thyristor alone is fired, the rotor
winding 17 is on short-circuit, the effective
impedance presented by the circuit 100
then being Rge. In addition, other effective
impedance values, that is R_ between Ry
and Ry and R. between Ry and infinite
resistance can be selected by supplying
square wave control pulses to one or other
of the thyristors of the chopper units 13,
16, the value of R_ or R+ depending on
the ratio of the conducting to the non-
conducting times of the thyristors. In a
65 modification only one branch with a chop-
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per unit, and with or without an imped-
ance, is incorporated in the circuit 100.

The feedback loop is arranged to main-
tain the winch motor speed to within
limits of a pre-set value, set in a speed 70
controller 20. Denoting this value by S,,
the motor is then operating at the point A
(see Figure 3) on the torque-speed charac-
teristic which corresponds to the torque Ty
required from the motor, this characteristic 75
corresponding to the effective resistance
Rp. If the torque required from the motor
increases the speed drops and the motor is
then operating at the point B. The logic
unit 18 monitors the frequency of the
rotor current or voltage, or the rotor volt-
age, which are related to the speed of
the winch rotor, and responds to the de-
tected drop in rotor speed to adjust the
effective impedance presented by the cir- 85
cuit 100 to the nearest possible value of
R_ to restore the winch motor speed to S,.
The motor is then at the operating point C.

It is preferred from the practical point
of view to adjust the effective impedance 90
in discrete steps but it would be possible
for the logic unit 18 to be arranged to
control the chopper units in such manner
that the effective impedance can be varied
in infinitesimal steps. In either case the
effective impedance can be varied over the
full operating range of the motor.

Instead of obtaining values of R_ and R.
by supplying square wave pulses to the
thyristors, the rotor circuit could be modi-
fied by using at least one branch, and pre-
ferably several parallel-connected branches,
each comprising a resistor unit and a
chopper unit connected in series and each
having a different resistive value for the
resistor unit. The logic unit would then
be arranged to fire the appropriate thyri-
stor or combination of thyristors so as to
provide the desired effective impedance.
Clearly the larger the number of branches
the greater is the number of discrete effec-
tive impedances which can be presented
to the rotor windings.

It is preferred to arrange the control
circuit such that a predetermined full-load 115
torque cannot be exceeded. Thus, up to
that torque, the motor speed can be main-
tained constant but when the full-load
torque is reached, the presented effective
impedance for increasing load is varied to
allow the motor speed to drop correspond-
ingly. In another arrangement, the motor
could be arranged to operate at a predeter-
mined constant torque and to adjust its
speed according to the load. Where the
motor is operated at constant torque, this
has the advantage that because the rotor
current is then substantially constant, the
heat generated in the rotor windings is
constant and this simplifies the cooling re- 130

80

95

100

105

110

120

125



1567 641 3

quirements of the rotor.

In the Figure 1 embodimen, the
cutter motor does not employ the
speed control arrangement described with

5 reference to Figures 2 and 3 for the winch
motor, but in a modification the cutter
motor could be a three-phase induction
motor whose speed is controlled by the
described control system, and another elec-

10 tric motor drive used for powering the
winch. In both cases it is not essential that
the motor not employing the described
speed control arrangement be an electric
motor although this is in many cases to be

15 preferred in view of the presence of en-
vironmental dust during mining at the coal
face. In a further modification, the winch
and cutter motors are each induction
motors whose speed is controlled by the

20 described speed control arrangement.

It is to be noted that the inductor 14
and/or the capacitor 15 of the filter con-
nected to the output of the rectifier bridge
11 may be omitted under certain circum-
stances. Thus, where the inductance pro-
vided by the rotor phase windings is suffi-
cient to provide a satisfactory current rise
rate characteristic for the current through
the thyristors once fired, no inductor is re-
quired in the filter. Moreover, the capa-
citor 15 may be left out of the circuit if
the current fluctuations in the rotor circuit
can be tolerated.

In a modification, the feedback from the
wound rotor can be by way of a tacho-
generator. Moreover, whilst feedback con-
trol of the motor speed is to be preferred,
it would be possible to dispense with these
and to control the logic unit from a manual
controller.

In another possible modification the
rectfier bridge 11 can be dispensed with.
Then each phase will have its own circuit
connected across the phase winding, each
such circuit comprising one or more
branches and preferably also an LC filter.

Advantages of the described motor speed
control arrangement are that it is simple
constructionally and also is unlikely to be
?ffected by environmental dust at the coal
ace.

WHAT WE CLAIM IS: —

1. A mining machine having drive unit
means operative to drive a haulage winch
of the machine and a cutting tool of the
machine, that drive unit means comprising
at least a multi-phase induction motor with
a wound rotor, the motor being provided
with a circuit connected across the rotor
windings and with means for varying the
effective impedance presented by the said
circuit to the rotor windings.

2. A mining machine according to claim
1, wherein the effective impedance varying
65 comprises control means in a feedback
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branch, said control means being arranged
to control the said effective impedance in
accordance with a predetermined criterion
set in the control means.

3. A mining machine according to claim
1, wherein the effective impedance varying
means is manually operated.

4. A mining machine according to claim
1, wherein the said circuit comprises poly-
phase rectifier means arranged to receive
the phase outputs and to combine them to
form a single unidirectional voltage output,
and at least one branch connected to be
supplied by the rectifier means.

5. A mining machine according to claim
4, wherein the effective impedance varying
means comprises switch means, connected
in the or each branch of the said circuit,
and control means for selectively control-
ling operation of the switch means of the
branch or branches.

6. A mining machine according to claim
1, wherein the said circuit comprises a
plurality of branches which are connected
to be supplied from the rotor windings
such that at least one branch is provided
for each rotor winding, the effective im-
pedance varying means comprising switch
means, connected in each branch of the
said circuit, and control means for selec-
tively controlling operation of the switch
means of the branches.

7. A mining machine according to claim
4, 5 or 6, wherein the the or at least
one branch includes an impedance.

8. A mining machine according to claim
5, 6 or 7, wherein the control means is
manually operated.

9. A mining machine according to claim
5, 6 or 7, wherein the control means is
incorporated in a feedback loop and is
arranged to control operation of the switch
means to satisfy a predetermined criterion
set in the control means.

10. A mining machine according to
claim 2 or 9, wherein the criterion is that
the motor speed is to remain constant with-
in given limits.

11. A mining machine according to
claim 2 or 9, wherein the criterion is that 115
the full-load torque is not to exceed a
predetermined torque, at which the motor-
speed for increasing load is reduced so that
said predetermined full-load torque is not
exceeded.

12. A mining machine according to
claim 2 or 9, wherein the criterion is that
the motor speed is to remain constant with-
in given limits up to a predetermined full-
load torque, at which the motor speed for
increasing load is reduced so that said pre-
determined full-load torque is not ex-
ceeded.

13. A mining machine according to
claim 2 or 9, wherein the criterion is that 130
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the motor is to operate at a predetermined

constant torque.

14. A mining machine according to any
one of claims 5 to 9 or 10 to I3 when

5 appended to claim 9, wherein the or each
switch means is in the form of a thyristor
chopper unit and the control means incor-
porates a logic circuit arranged to supply
control pulses selectively to the or each

10 chopper unit.

15. A mining machine according to
claim 4, 5 or 6 or any dependent claim
thereof, when appended thereto, wherein
the said circuit includes an inductance con-

15 nected in series with the said branch or
branches.

16. A mining machine according to
claim 4, 5 or 6 or any dependent claim
thereof when appended thereto, wherein
the said circuit includes a further branch
connected in parallel with said first men-
tioned branch or branches and comprising
a capacitance.

17. A mining machine according to any
25 preceding claim, wherein the said circuit
and the effective impedance varying means
are stationary in the machine and in con-
nection with the rotor windings by way
of slip rings.

18. A mining machine according to any
preceding claim, wherein the induction
motor is coupled to drive the said haulage
winch alone and the drive unit means fur-
ther comprises a separate drive unit opera-
35 tive to drive the said cutting tool.

19. A mining machine according to any
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one of claims 1 to 17, wherein the induc-
tion motor is coupled to drive the said
cutting tool alone and the drive unit means
further comprises a separate drive unit 40
operative to drive the said haulage winch.

20. A mining machine according to any
one of claims 1 to 17, wherein the induc-
tion motor is coupled to provide respective
drives to the said haulage winch and the 45
said cutting tool.

21. A mining machine according to any
one of claims 1 to 17, wherein the drive
unit means comprises two multi-phase in-
duction motors with wound rotors, each 50
provided with its own circuit connected
across its rotor winding and with means
for varying the effective impedance pre-
sented by the said circuit to the said rotor
windings, the two motors being coupled 55
to drive the said haulage winch and the
said cutting tool respectively.

22. A mining machine substantially as
hereinbefore described with reference to
the accompanying drawings.

HASELTINE, LAKE & CO.,
Chartered Patent Agents,
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Agents for the Applicants.
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