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Abstract—There are large errors of linear measurement V'
when the thermocouple measure temperature as $
temperature sensor. In order to improve the measument t THERMO- Fit e VO

precision, the sensor cold junction compensation an —) AMPLIFIER }
nonlinear compensation are usually needed. For the COUPLE
circumstances that the cold junction’s temperature is Vf
determinate, there is biggish nonlinear between
thermoelectric power and temperature signals of the
thermocouple sensor’s output. In order to solve the THE NONLINEAR
problem, this paper proposed a practical method ofinear FEEDBACK LOOP(_
compensation, introduced the principle of linear

compensation and gave the corresponding compensatio  Fig- 1 The block diagram of thermocouple temperature senso
linearization principle

It is nonlinear between thermoelectric potenial
outputted by thermocouple and the represented
eror and so on. temperaturé, And as the measurement range different
Keywords—nonlinear; thermocouple; compensation for different types of thermocouples or the sanmel&i
of thermocouples, its characteristic curve is défe.

In order to guarantee the linear relationship betwe

circuit and circuit analysis. This circuit has the
characteristic of simpleness, high reliability, smt linear
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dio: 10.3969/j.issn1674-8042.2010.supp..28 measured temperature and output signal of the
thermocouple sensor, we must take linear
1 Background compensation.

The block diagram of thermocouple temperature

Temperature is physical quantity to express theSensor is shown in Fig. 1.From Fig. 1 we know that
substance’s degree of cold and hot, it is one ef th the input amplifier signak E+Vs-Vf, Among them,
all kinds of production and scientific experiments. temperature doesnt chang, and the relationship
Many products’ quality, production and process betweenE; and tis nonllnea_lr. If the relationship
control are directly related with temperature. PetweenVy andt is also nonlinear. And correspond
Therefore, it has the extremely vital significartce with the non-hnear _relatlonshlp of thermocouples
realize  accurate  temperature  measurement(Ecrt).sothe relationship between D-valueBfandVy
Thermocouple has advantage such as stabl€duale andt |_s_I|near.reIa_t|onsh|p, the_ output S|gnal of
performance, simple  structure, convenience,the € ampllfleq via linear amplifier is linear
economies, durable and easy to maintain.  We relationship with t. Therefore, to realize the
convert temperature signal to electrical Signa|sthermometr|c linearization, _The character!stlcs of
through the thermocouple, to realize the signal’sfeedback loop(the characteristic ¥~V that is the
Therefore, thermocouple are widely used for thermocouples.

measuring temperature in industrial production and ) ] ) ] )

scientific research fields. 3 Linearization hardware circuit

2 Linear temperature measurement We design a linear circuit according to the
principles thermocouple linearization compensation principle,

that a nonlinear operation circuit actually is leok
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line circuit, it is wused polygon method to the output is decreased. The size of the resistance
approximately represent the thermocouple parallel depends on the request of the new linepes
characteristic curve. Fig. 2 shows the nonlinearthe value of reference voltage and the stabiligolt’
characteristic curve approximately representedhiey t breakdown voltage depend on the time when one line
four segment broken line. In the diagraxh,is the  transit to another,that is the break point of thekbn
input signal of feedback lodg, is the output signal of lines.

nonlinear operation circujt, y,, y3 andysrespectively sy oo 2 AVb ~ T CAVfE
represent the slope of four characteristic curee T
number of broken line and the size of the slopeugre
to the thermocouple characteristics. Normally, the
error is less than 0.2% as 4~5 broken line
approximately represent a segment of thermocouple’
characteristic curve.

As shown in Fig. 3,we designed a kind of typical
operation circuit which is applied in thermocouple
linear compensation according to the characteristic
curve(Fig. 2).

Fig. 4 The sketch diagram of nonlinear arithmetic circuit

A For the first part liné{;<Vy),the slope isy; As
Vﬁ Ve<Vp+Vs,Ve<Vp+Vsa, Ve<Vp+Vs3 Ve<Vp+ Va4, then
v DW,~ DW, are all breakover, Fig. 3 is reduced to Fig.

“5'""""""""""3,; _____ | 4,when IC, is ideal operational amplifier, we can
Vu4———————————————¢},—‘ ————— | i obtain4V,andy, by the Fig. 4:
N > L R

i

%12 _____ 1 | | | Ava={1+RZ+R“(1+R2+R3ﬂx Ry, (1)

a0 R RU R JJRR

Vi Vp Vg Vg Vs >Vf Vi = AV :{1+R2 +R4(1+ R+ R3J:|x R, @)

Fig. 2 The characteristics curve of nonlinear arithmeiicuit Av; R R R R+R

We design a typical arithmetic circuit used for From the formula (2) we can see that the first
linear compensation that is shown in Fig. 3, witch line’s slope is determined W, Ri~ Rs, RoandR,, it

depends on the characteristic curve(Fig. 2). generally can be adjusted by changiig
Vag RO <l%_ovf For the second part linég< Vi<Vi3), The slope of
. this line isy;>y,.the range of this line requir®g + Vs;
4 < Ve Vp+ Vsq Ve< Vp+ Vg3 andV,< Vp + Vssthen

DW;~ DW; are not breakoverD, is breakover.
Because the dynamic resistance and the internal
resistance of reference voltagef is very small when
D,is breakover, this is equal that resistaRgparallel
resistancdzy,from this we can acquitdV, andy,:

”Ra ’ 6 MR7

D1 D2 | D3
s Ava{lﬁﬁ(lﬁ;%ﬂx R, ®
Fig. 3 The schematic diagram of nonlinear arithmetic dircu R R RIIRy RR
In this figureD,, D,, DzandDjare stabilivoltsyp JA\YA R R, R+R R (4)
. . . . . Vo =—== 1+—=+=|1+—=—2||x
is their value. Its resistance is maximum before "™ ay R Rl R/IRJ| R+R

breakdown, this circumstance equal to open circuit,
and the resistance is very small after breakdohis, t
circumstance equal to short circMi;,Vs,;VsaVsaare
reference voltage offered by reference voltageuiirc
for common point, they were negative
valuelC4,R, R, Rs, Ry, Ry, Ry constitute the basic circuit
of the operation circuit, this circuit decides tfest
rectilinear’s slopg.When the after line’s slope greater
than before, that ig>y;,we can parallel a resistor with
Rithe feedback is decreased and the output is
increased. If require the after line’s slope smalean
before, that igz>y,, we can parallel a resistor wiky,

Compare the slope formula of the first and the
second line with (2) and (4),we can sge:y;, we let
the R, to parallel a resistance, then can increase the
slope of the thermocouple characteristic curve.
Therefore, we just choose the propgibased on; to
satisfy the required slopg. According to the same
methord, can we getandy,. In order to make the
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output properties of the nonlinear operation circui § Acknowledgments
consistent with the characteristics of thermocasiple

we select corresponding value of parallel resigdnc
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(From P.103)

the unit is obviously equally applicable to thegkar
number of Chinese debates which are now popular on
the mainland. Indeed, the equipment can be used in
any situation where oral speech has a time-critical
element. As such, it may be applicable to confezsnc
workshops and in the business environment.
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