Circuit 19 – Plant Protection (Heat)

Function

This circuit is designed to protect plants in a green house.  When excess heat is detected, curtains are drawn to reduce the amount of sunlight entering the greenhouse.

Circuit diagram
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Components

SW1 = Toggle switch





R1 = 10k ohm

R2 = 10k ohm






R3 = 10k ohm

VR1 = 10k ohm





TH1 = Thermistor (5k)

Transistor (TIP121)





Operational amplifier (3140)

RLA-1 = Relay (DPDT)




Diode = 1N4001

MS1 = MS2 = Micro-switch (Common/NC)


M (Motor

Operation

An operational amplifier (3140) is used in a comparator mode.

If the voltage at pin 3 of the Op-amp is less than the voltage at pin 2 then the output voltage at pin 6 is 0V.  If the voltage at pin 3 is more than the voltage at pin 2 then the output voltage is 7V.

This section of the circuit will be used to detect variation of input voltages.

Output pin 6 is connected to the base of a transistor.

Operation of the transistor is as follows: -

This circuit uses a transistor (TIP121) as an electronic switch.

First it must be explained that the transistor (TIP121) is a special type of transistor.  It is in effect two transistors housed in one package.  It has the advantage of being able to pass a much heavier current than the ordinary transistor.

When the voltage on the base of the transistor is less than 1.2V the transistor is switched off.  As no current can flow through the transistor from collector to emitter, the relay is deactivated.

If more than 1.2V is applied to the base, the transistor switches on.  Now current can pass easily from collector to emitter, so current can flow from the top rail, through the relay and the transistor back to the battery.  The relay is now activated.

Returning to the sensor section of the circuit.

R1 and R2 form a voltage divider circuit, and as both resistors are the same value, the voltage at the connection of the two resistors is half the battery the voltage (i.e. 4.5V).

This is known as the reference voltage.

This voltage is applied to pin 2 of the Op-amp.

The thermistor and the variable resistor also form a voltage divider circuit.

In cold conditions the resistance of thermistor is very high in comparison to VR1.

There will be a large voltage drop across the thermistor, so the voltage remaining at the connection of thermistor and VR1 will be small (i.e. less than 4.5V).

This means the voltage at pin 3 is less than the voltage at pin 2, so output at pin 6 of the Op-amp is 0V.

The transistor is switched off, so as no current flows through the relay, it is deactivated.

Consider now in hot conditions: -

The resistance of the thermistor is small.  This means now the voltage drop across it is small.  So the voltage now at pin 3 will increase (will be more than 4.5V).  This means now the voltage at pin 3 is greater than the voltage at pin 2 so output voltage at pin 6 of the Op-amp will be high (7V), the transistor will switch on current can now flow through the relay coil.  The relay is activated and the Motor is now turning.  By adjustment of VR1, the motor can be made to come on at a predetermined temperature.

Function of R3

It is not good practice to have a high the voltage (7V) on the base of a transistor.

For this reason a base resistor should be inserted (value not critical, i.e. use 10k ohm)

Function of Diode (1N4001)

All relays contain coils of wire. When the value of current flowing in the coil changes rapidly it can produce very high voltages, which could harm the circuit.  For this reason it is good practice to fit a diode in parallel with the relay.

Note

The relay when activated closes the internal relay switches, which are used in this case to switch on a motor.  The motor is operating from a different the voltage source (12V).  There is no electrical connection between the two circuits.

Motor Reversal

Consider the circuit diagram.  Assume relay is deactivated.  Note switch positions of the relay.

Current can flow from the “top” 12V supply, down through the motor to the 0V rail.  The motor is therefore rotating in the forward direction.

Note

If micro switch MS1 is pressed, now current cannot flow through the motor i.e. the motor is now stopped.

Consider now the relay is now activated.

Relay switches will now move to the “right hand” position.  Current now flows in at the “bottom” 12V supply up through the motor to the 0V rail i.e. current has reversed, so the direction of the motor rotation is also reversed.  Again note if micro switch is pressed current can no longer flow through the motor, thus the motor is stopped.
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