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Figure 2: block diagram of the proposed system

2.2 Amplifying Circuit

This circuit contains mainly 4 sections which are thermocouple, thermocouple output linear
section, amplifying section and summing section. An inexpensive, battery-powered, cold-
junction-compensated, thermocouple thermometer with an output of 1 mV/°F can be
constructed using type-K thermocouple wire. Because type-K thermocouple wire has a
relatively linear output characteristic, only an ice-point reference and a scaling factor are
necessary to produce an output that can be measured with a digital meter. By plotting the
thermoelectric voltage versus temperature, it can be seen that the slope of the type-K
thermocoupleapproaches a constant over a range of —0° to S00°F. The best straight-line fit
between —40° to 500°F ylelds the equation '

Y=0.226X - 0.707 -

Where Y is the thermoelectric voltage in millivolts and X is the temperature in degrees
Fahrenheit. Solving the equation for X and multiplying by 101 for the gain of the inverting

amplifier, the following equation can be derived:

X=(101Y+71.4)/22.8

Therefore, by adding 71.4 mV to the thermoelectric voltage (101Y) and dividing the summed
voltages by 22.8, 1-mV/°F output can be obtained. The circuit shown performs this function
by adding a cold-junction compensated voltage to the thermocouple (LT1025) and amplifying
the output by 101 (LT1013) . Then 71.4 mV is added to the amplified signal and the voltages
are summed together in the summing amplifier (LF356). Finally, the output voltage is divided

using a 15-turn, 10k potentiometer.+6

To calibrate the circuit, used a digital voltmeter and adjust the 200-Q 15-turn potentiometer

-until the meter reads 71.4 mV. Then obtain high-quality thermometer and connect a digital
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meter to the 10k, 15-turn output potentiometer and adjust it until it reads the same temperaturc

as the thermometer.

A more accurate way to calibrate the circuit is to immerse the thermocouple in a foam cug
filled with'ice water (32°F) and measure the output at pin 6 of the inverting amplifier. Then
repeat the procedure using boiling water (212°F). After that, plot the thermoelectric voltage
versus temperature. When this is completed, a straight-line equation between these two point:
can be derived. This will give a more accurate value of b, the y intercept. Finally, adjust the
200-Q, 15-turn potentiometer until the meter reads the same value as b. The adjustment of the
10k potentiometer is performed as described above. This method takes into account the small
thermocouple vbltages generated wherever dissimilar materials are joined together. They can
be generated where the thermocouples are soldered to the circuit board, or can even occur at
the junction between the IC package and .sockc‘ets. The circuit was optimized to measure
temperatures from —40° to 500°F, although higher temperatures up to léOO°F can be measured

with lower accuracy.

%@ Swes 1 gt PR & .)//
5 ALY S50 O B =4l /’,
o
/"0
e
e
i -
..
rd
= e
-
v
- R & N R
e 3L A &2 G T 1 12w R RS
’//
] -
d
24 r Pl
4
e -

04

ol

e

A
/’/

i,--—r‘,r’;- s ,“1

Graph 2: Amplifying circuit unite calibration graph
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Limitation of this circuit is the system can’t measure up to 450 °C and lower to 100 "C, because

that temperature measurement unit gets linear values only for 100-450 C range.
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