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Two-wire remote control unit for speed control of DC hunt motors

ABSTRACT


Electrical switchyards and High Voltage substations are risky places to work with and particularly during a rainy season. However, to work with the system, it’s a required urgent as a part of continuity of power supply.


This paper started with an intention to control, rectify the faults with, and operate our electrical apparatus from a place what can be treated as risk less. 


We have taken DC shunt motor for study and the same can be extended for other applications. Here we have studied Characteristics & Performance of DC shunt motor and a remote control operation on to those characteristics. 


MATLAB was used as a study for results and as verified with the results the proposed control unit will be very much helpful to reduce risky jobs and to make those into a sophisticated and comfortable, and charming task.

1. D.C. SHUNT MOTOR 
An electric motor is a machine which converts electric energy into mechanical energy. Its action is based on the principle that when a current carrying conductor is placed in a magnetic field, it experiences a mechanical force whose direction is given by Fleming’s left hand rule and whose magnitude is given by

F= BIL Newtons

The field excitation is constant in this type of motor. The back emf is given by

                  Eb = V - IaRa = Kn φn

From which speed in r.p.m. N= (V - IaRa) / Knφ  where Ra is resistance in armature circuit including brushes and additional resistance, if any for speed control, speed constant.

                          Kn= (Z * P) / (60 * A)           

                      N = ( V - [IR / Kφ] ) / Knφn

Again if demagnetization ampere-turns are neglected, φ is constant and speed Vs torque characteristic is linear.

           No = V / Ka φ
The speed of a DC shunt motor is given by N= (V - IaRa) / Knφ
From the above equation, there are three methods of speed control.

a. By varying the resistance in the armature circuit.

b. By varying the excitation current and hence, the field flux of the motor.

c. By varying  the voltage applied to the armature terminals.

2.TWO-WIRE REMOTE CONTROL UNIT
Master control unit

The unit comprises six ICs (including a 5V regulator) IC 7805 (6) is used to stabilize the rectified output developed from the AC mains using step-down transformer XI, followed by a bridge rectifier and smoothing capacitor C1. Timer IC1 is wired as an stable multivibrator with a measured time period of 850 ms (‘on’ period of 100 ms and ‘off’ period of 750 ms) with component values as shown in fig. 1


Waveform 1 in fig. 1 shows IC1’s output. Diode D5 is used to limit the ‘on’ period of IC1. Reset pin 4 of IC1 is controlled by the latch circuit comprising NAND gates N1 through N3. Since N3 output normally goes low on switching on of the master control unit, IC1 is initially inactive (inhibited).


The latch output at pin 3 of gate N2 is initially high, while the output at pin 6 of gate N3 is low. Thus green LED1 is on, while red LED2 is off. Binary counter 7493 (IC3) is reset due to logic ‘1’ voltage at its reset pin 2 and 3. IC1 is also reset due to logic ‘0’ voltage at its reset pin 4.


IC3 is a 4-stage binary counter with three flip-flops forming a 3-bit binary counter. The remaining flip-flop can be used independently, and it is triggered at the trailing edge of the last count of the 3-bit counter stage, which makes pin 12 (Q0) go high for a brief period. The counter flip-flops in transitions of the clock. To synchronize the circuit operation, the clock input to IC3 is inverted by NAND gate N4.


To activate oscillator IC1 and counter IC3, momentarily press ‘start’ switches S7 which causes the latch output to be reversed. Green LED1 goes off, while red LED2 goes on.


Q3 output of IC3 remains low for the first four clocks. It goes high at the fifth clock pulse, triggering the single flip-flop in IC3. As a result, pin 12 of IC3 goes high to reset the latch to its initial state, inhibiting IC1 and IC3. It stays in this state until ‘start’ switch S7 is again pressed to repeat the cycle.


The binary outputs of IC3 are connected to the address input of 8-bit data selector / multiplexer IC74151 (IC4). IC4’s output at pin 6 is the complement of data selected as per the binary address, which moves from 0 through 7 (000 through 111 binary)  when start switch S7 is pressed.


Data input pins 4 and 3 (Io & I1) are not used due to certain reasons (explained later). The data at other input pins can be selected with the help of switches S1 through S6 that are either in +5V position (to turn the appliance on) or in 0V position (to turn the appliance off). When a switch is in +5V or in 0V position, the output of IC4 is low or or high, respectively, for one cycle duration of the clock (850 ms) corresponding to the addressed selected through address pins of IC4.


Output pin of IC4 is used for modulating the output of monostable IC5, using transistor T1 in series with resistor R5. When pin 6 is at low level (corresponding to the device ‘on’), transistor T1 does not conduct and as such R6 is not shunted by R5. As a long pulse of approximately 650 ms. If pin 6 of IC4 is at high level (corresponding to the device ‘off’), the transistor conducts and R5 shunts R6 to give approximately 100 ms output pulse.


In fig. 3, waveforms 2 and 3 depict the outputs with all device switches in ‘on’ and ‘off’ state, respectively. In practice, some switches may be ‘off’ while others may be ‘on’. Hence the output pulse widths will be a mixture of the two types of pulses. These pulses are used synchronously to switch off the corresponding devices by the slave unit.

Slave units

All slave units are built around CD4017 (IC7). IC7’s output P1 throughP6correspond to switches S1 through S6 in the master control unit, and are used to control individual appliances. The circuit shown within dotted lines in fig. 2 is required to be repeated for each of the six appliances.


The power supply for each slave unit is derived from the mains itself, using resistor R17, diode R10, zener ZD1, and capacitors C15 and C16. the supply for IC7 can be taken from any one of the six circuits within dotted lines, ensuring that the neutral supply for each slave unit is common for all appliances. Also, make sure that live and neutral leads of slave are never interchanged, to avoid short-circuiting of neutral and live wires connected to different appliances. 


Each slave unit is capable of driving about 1kW load. For higher loads (upto 2kW), you may replace triac BT136 with BT138. the wiring from AC supply through the load and the triac should meet current rating of the load.


The master control unit’s outputs corresponding to data I1 through I7 of IC4 (74151) appear sequentially at output pin 3 of monostable IC5. these outputs are connected to the junction of diode D7, clock pin 14 of IC7, and capacitor C11 in the slave unit.


Initially, with 0V input, transistor T2 is in cut-off state andb as such pin 15 of IC7 is reset because of the high voltage available via resistor R11. P1 output at pin 3 is high in reset condition. However, when the first positive-going pulse arrives via diode D7, 100
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F capacitor C8 starts charging slowly and as such, the first clock pulse goes waste (as IC7 is still reset).


Only the pulses corresponding to data input I2 and subsequent data inputs are able to clock IC7. this is why the master unit’s switch S1 pole corresponding to appliance No. 1 is connected to data inputI2 and so on, in the master control unit.


As soon as the pulse corresponding to switch S1 arrives at the slave unit, P1 output of IC7 falls and high shifts to the next output P2 will fall when the pulse corresponding to switch S2 (in the master unit) arrives. Fig. 3 shows connection of appliance No. 2 to the circuit within dotted line. (Only outputs P1, P2 and P3 corresponding to switches S1,S2 and S3 respectively, are shown in fig. 3. the pulse widths of outputs P2 through P6 equal oscillator IC1’s clock period of 850 ms)


Once P2 fails, it triggers monostable IC8. The trailing-edge output of IC8 is used to trigger another monostable formed by NAND gates A & B followed by C (used only as an inverter). Both the monostable are adjusted to produce about 400 ms wide pulses that are shown as Mono 1 Mono 2 outputs in fig. 3.


The pulse width modulated pulses sequentially arriving at the input of capacitor C11 are differentiated by C11-R12 combination and only the trailing-edge part of the input pulses produces a 100 ms wide output pulse at pin 11 of gate D. Thus a wide input pulse (corresponding to ‘off’ position of the same switch) produces a less delayed 100 ms pulse.

This pulses for only the appliance controlled by switch S2 (output P2in the slave unit); the pulses corresponding to switches other than S2 don’t affect the operation of the specific slave unit, since these delayed pulses at the output of gate D are NANDed in gates E and F with Mono 1 and Mono 2 mono-stable outputs, which are uniquely positioned for each output (P1 through P6) from IC7.


The final latch is formed by NAND gates G & H. output at pin 10 of gate G goes HIGH or LOW for on or off position of switch S2. the high output of gate G triggers the triac to activate the load, which a low output cuts off the triac and the connected load. The outputs from the master control unit and respective slave units for switches S1 through S6 positions are shown in Table 1.

Depression of ‘start’ switch a second time, without changing the position of switches S1 through S6, doesn’t alter the state of respective appliances.

TABLE 1

Switch (S1-S6)          Master Control           IC7 falling        Final output(at pin       

   Position                      pulse width                output                10 of gate G)

S1= On


650 ms

P1


H

S1= Off 


100 ms

P1


L

S2= On


650 ms

P2


H

S2= Off 


100 ms

P2


L

S3= On


650 ms

P3


H

S3= Off 


100 ms

P3


L

S4= On


650 ms

P4


H

S4= Off 


100 ms

P4


L

S5= On


650 ms

P5


H

S5= Off 


100 ms

P5


L

S6= On


650 ms

P6


H

S6= Off 


100 ms

P6


L

Results

Different characteristics of DC shunt motor was studied under control action of remote control 2-wire system. Matlab was used as a tool for the study and the results are as fig-1 and found to be almost same as it would be.
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(Fig.-1: characteristics of DC shunt motor under control action of 2-wire remote control system)

Conclusion

01. Results are excellent.

02. Safety increased like anything.

03. Control becomes sophisticated.

04. Less pain, more accurate, more comfort in control.

05. Fault location becomes easy.

06. Monitoring requires no time, and system is always on the panel board.
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