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PWM-based temperature- 
This circuit controls the speed of 

a DC fan, depending on the output 

of a temperature sensor, and it can 
switch the fan on and off and adjust 

its speed in steps as the temperature 
increases. The number of degrees in¬ 
crease required to run the fan at full 

speed is selectable at either 3°C, 5°C 

or 10°C. It can also sound an over¬ 
temperature alarm if the temperature 
rises above a critical value. 

Potentiometer VR2, switch S3 and 
a 16x2 alphanumeric LCD are used 
to set the fan-on temperature and 

alarm temperature. Dining normal 
operation, this LCD shows the cur¬ 
rent temperature, fan cut-in tempera- 

tine, alarm temperature and current 
fan speed. 

The circuit uses an LM35 preci¬ 
sion temperature sensor, IC2, which 

gives an output of OV + 10mV/°C, ie, 
its output is IV at 100°C. This voltage 
is fed to the ADC5 analog input (pin 

■controlled fan 
28) of ICl, an ATmega8 microcon¬ 
troller. Another analog input, ADC4 
at pin 27, monitors the voltage at the 

wiper of potentiometer VR2. 

Once the micro has measured the 
temperature, it decides what speed 
the fan needs to run at and produces 
an appropriate PWM signal from its 

OClA output at pin 15. This drives 
the base of NPN transistor Ql via a 
4.7k£l base current-limiting resis¬ 
tor and Ql in turn switches pulses 
of current through the 12V DC fan. 

The higher the PWM duty cycle, the 
faster the fan runs. 

The PWM output at pin 16 (OC1B) 

generates a separate PWM signal to 
drive alarm LED1 via a 3300 cur¬ 
rent-limiting resistor. This LED is 
on when the unit is first powered up 

but fades out after a few seconds or 
flashes at full brightness in an over¬ 
temperature alarm condition. 

Three-position switch S2 is used 

to select the temperature increase 
required for full fan speed. ICl has 

individually-enabled internal pull- 
up current sources for each pin and 

the software switches these on for 
input pins 9 & 10. Hence, it can de¬ 

termine the position of S2 by reading 
the voltage at these inputs, as one or 
the other is pulled low (or neither), 
depending on the position of S2. 

Note that the fan will contin¬ 
ue to run for 60 seconds once the 
sensed temperature drops below 

the set threshold. During this time, 
a count-down is shown in the up¬ 
per-right comer of the LCD screen. 

The fan then switches off. This 
prevents the fan from switching 
on and off if the temperature is hov¬ 
ering near the set-point. 

ICl reads the position of switch 
S3 via input pins 17 & 18 in the 
same manner as it monitors S2. S3 
is used to set the fan-on temperature 

threshold and the alarm temperature 
threshold. During normal operation, 
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Automatic speaker switching 
between two power amplifiers 

This simple circuit shows how 
two 24V DC coil high-current DPDT 

relays can be used to switch one pair 
of speakers between two amplifiers. 

In this case, the speakers are shared 
between a Silicon Chip 20W Class- 

A amplifier (May-August 2007), for 

music, and a surround sound ampli¬ 
fier, for watching TV and movies. 

When the Class-A amplifier is 
switched on, its 22V DC supply rail 

is used to energise the two relay coils 
and the relays connect the speaker 
+ and - terminals to the outputs of 

that amplifier. When this amplifier 
is switched off, the coils are de-en- 

ergised and the speakers are instead 
connected to the + and — outputs of 

the surround-sound amplifier. 

Both terminals are switched so 
that this arrangement will work 

properly even if the surround-sound 
amplifier drives the speakers in 

bridge mode. In this case, both the 
negative and positive terminals are 
actively driven; if relays were used 

to only switch the positive outputs, 
with the negative outputs connected 

to Earth permanently via the Class- 
A amplifier negative outputs, this 
could prevent the surround sound 

amplifier from operating properly 
and possibly even damage it. 

The Class-A amplifier has ~22V 
DC supply rails, so if the relay coils 

are connected in parallel, they can be 
powered directly from either of the 

two amplifier supply rails directly 
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(ie, between +22V and GND, or GND 

and -22V). Alternatively, you could 
use 12V DC relays and connect the 

two relay coils in series. 
For amplifiers with higher voltage 

rails, use relays with the highest DC 
coil voltage you can get below the 

supply rail voltage and, if necessary, 
add series resistors to drop the coil 

voltage to within the relay’s operat¬ 
ing range. 

To determine the resistor value 
required, multiply the relay coil re¬ 

sistance by the difference between 
the supply and coil voltages, then 

divide by the coil voltage. For ex¬ 
ample, to run a 24V relay with a coil 
resistance of lkD from a 35 V supply 

rail, use a (35V - 24V) x 1000Q 24V 
= 458D series resistor; 470D is the 

closest value available. 

To determine the required resistor 
power rating, square the difference 
in voltages and then divide by the 

resistor value. So in this case, (35V - 
24V)2-^470Q = 0.257W so a half-watt 
(or higher) rated resistor is suitable. 

Add one such resistor in series with 
each relay coil. 

Peter Clarke, 
Woodcroft, SA. ($40) 

S3 is left in the middle position. To 
set either threshold, it is switched to 

one of the other positions and then 
VR2 is rotated until the desired value 
(in °C) is shown on the LCD. S3 can 

then be set back to its centre posi¬ 
tion and the new setting is stored in 
ICl’s EEPROM. 

The LCD interface uses the stand¬ 
ard 4-bit configuration, with output 
pins PD0-PD3 (pins 2-5) used to send 
data and outputs PD7 (pin 13) and 
PD6 (pin 12) for control. The LCD 
backlight is powered via a 150Q cur¬ 
rent-limiting resistor from the 5V rail 

while the contrast is set using lOkQ 
potentiometer VRl. 

On the LCD, the current tempera¬ 
ture is shown after “T:”, the alarm 
temperature threshold after “A:”, fan 
temperature threshold after “F:” and 
current fan speed step after “Sp:”. It 
also shows a blinking heart symbol 
as a “heartbeat” at 1Hz to indicate 
that the unit is operating. 

Power comes from a 12V supply 
via power switch Si, reverse po¬ 
larity protection diode Dl and 5V 
linear regulator REGl which has a 
pair of input bypass capacitors and 

two output filter capacitors. Before 
switching the unit on for the first 
time, VR2 should be rotated fully 

clockwise and S3 set to the SET FAN 
TEMPERATURE position. 

The software is written in BASIC 
and can be compiled into a HEX file 
to load into the Atmel processor 
using BASCOM. The source code 
is available for download from the 
Silicon Chip website (Software- 

pwm-based temperature-controlled 
fan.bas). 

Mahmood Alimohammadi, 
Tehran, Iran. ($60) 
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