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Portable thermocouple thermometer on the nonlinearity compensation

Seong-Kuk Kim, Jae-Won Song

2 o

1000C7HA HlAd A4S BT +# e FU4 K¥ 24 2248 44 3 A%sgn. 44dE 9%
& LA A oF & TA= B4 BAR 7183 Hgolnt. €dde vHd¥ 54 EPROME A
dlo] BAstd o, 7123 BAL HA 4% ADSBHAE AHEste Fasit HHE
g6 TAA Hdl 236T(269%)) £x7F Ao, Azd Fd& K& ¥ =A2 3
=9 delA £2T02%)9 24 54§ 7Hdch ofd B42 K¥ EddE A3
E1000CHANA 2EAN Lk 74 & HEen 2ee 438 Fo§ KI
T 2o W@y s A4E £ Atk 283 oY vNY BAS nAsE

Mg Bgd H4E & gink

A

Jlm

oL
o

BAetr] e
e dA

e
3

r

s 2
b g e
O L oon o
1
du b4y
a2 so
L
o e
£
rlo oo
Hloro rob ro

)

i

f

£ oo
ofi

Fu

Abstract

A portable type K thermocouple thermometer is designed and fabricated to compensate the linearity to
the high temperature 1000C. The problems to be solved, which use a thermocouple thermometer are the
compensation of the nonlinearity characters and reference compensation. The nonlinear character of the
thermocouple is compensated, using an FPROM, and the reference compensation done using an IC AD335A.
Before this compensation, there was the maximum error of 23.6C(269%) at 876. However the results
measured by the portable type K thermocouple thermometer fabricated show the character of the error of *
2T (02%) in the range of the total temperature. This character satisfies the precision specifications of the
type K thermal sensors in the range available 1000C, which can be measured by the use of tvpe K
thermocouples, Therefore the portable type K thermocouple thermometer fabricated can be comparatively
exactly ‘used for the wide range of temperature of interest. Then this technique of compensating the
nonlinear characters can be applied to the other kinds of thermal sensor compensation.
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Table 1. Presented specification of the thermocouple
thermometer.
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{a) Block diagram.
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(b) Circuit diagram(reference compensation and
amplification circuit).
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{¢) Circuit diagram(linearization and indication

circuit).
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(d) Circuit diagram(power supply circuit).
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Fig. 1. Portable type K thermocouple thermometer.
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AD595A output =
(Type K Voltage + 11p¢V) X 2473 - - (1)
Tyvpe K voltage =
(AD395 output / 247.3) - 11uV (2)
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Fig. 2. AD595A output error with temperature
(Nonlinear error).
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Table 2. LED output of the A/D converter IC7107.

AoHE 22 |A B I C|DJE|F |G
0 01010 {0 {0 O [1
1 1 10 J0 /1 |1 |1 |1
2 0 |0 |1 0 |10 11 10
3 0 J0JO0 |0 |1 |1 (0
4 1 |0 j1 ]J1 |0 |0 |0
5 0 |1 10 0 {1 |0 |0
6 . 0 /1 [0 40 (0 j0 |0
7 0 |0 j6 11 1111 |1
8 0 ]0 10 |0 10 |0 10
9 0 |0 jO0 [0 11 100
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Table 3. BCD for address construction.

%A | ABOMSB) | F | DG | E(LSB) | 57} BCD
0 0 011 0 2
1 1 1 |1 1 F
2 0 1 10 0 4
3 0 110 1 5
4 1 0 |1 1 8
) 1 0160 1 9
6 1 010 0 8
7 0 1 11 1 7
8 0 010 0 0
9 0 010 1 1
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Fig. 3. Fabricated portable type K thermocouple
thermometer.
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Table 4. Measured data(comparative measurement

with standard thermometer, unit : ).
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(a) Error curve of the fabricated thermoemter.
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(b) Measured values of the fabricated thermoemter

with comparative method.

EFE [ AR Fud KY 939 254 F& 25A e EAFLUKE-SD)
CEA TR T o2& | 8A | 4 | 1A | o2& | 3& | 4% | & | 2% | 3w | 4%
500 | 500 | 500 | 500 | 500 | 519 | 520 | 520 | 520 | 496 | 495 | 498 | 492
550 | 50 | 550 | 550 | 50 | 568 | 570 | 570 | 570 | 549 | 542 | 549 | 549
600 | 600 | 600 | 600 | 600 | 619 | 622 | 620 | 620 | 601 | 392 | 601 | 600
60 | 640 | 640 | 640 | 650 | 670 | 672 | 670 | 670 | 651 | 642 | 653 | 648
00 | 700 | 690 | 700 | 700 | 720 | 720 | 720 | 720 | 702 | 699 | 705 | 700
O | O | U0 | BO | B0 | 69 | 712 | 710 | 770 | 4 | 17 | BT | B4
800 | 80 | 800 | 800 | 800 | 80 | 87 | %20 | 820 | 07 | 799 | 809 | &6
80 | &0 | 80 | &0 | 80 | 80 | 873 | 80 | 80 | &8 | 80 | 8.1 | 80
900 | 910 | 900 | 910 | 910 | 920 | 920 | 920 | 920 | 911 | %0 | 914 | %9
B0 | %0 | 960 | 9%0 | 970 | 970 | 972 | 970 | 970 | %2 | %3 | %5 | 92
1000 | 1000 | 1000 | 1000 | 1010 | 1020 | 1022 | 1020 | 1020 | 1008 | 1007 | 1015 | 1013
e )
weeve First Experiment T

LB 23338RBRE 3

sssee Hg thermometer
avaas Digital thermometer
+++++ Fabricoted thenmameter

Comparative Thermometer

L

Standard Thermometer °

(¢) g AE fg 23 dolet v
(c) Comparison of measured data for the several
goods.

38 4 549 QAN EFE 2549 vusy,
o9 0), EF &2 ¥y 50 ~ 100T

Fig. 4. Measured error characters(comparative
measurement with standard thermometer,
unit ¢ T), Measured temperature range :

0 ~ 100T.
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Table 5. Measured data of the ice point and boiling
point with fixed point and comparative
method(unit : T).
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Fig. 5. Experimental setup for the characteristic

measurement of the portable type K

thermometer.(Indirect

measurement method : 0~10007).
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Table 6. Measured data by the fabricatied portable type K thermocouple thermometer.
il I O I Bl IR CE R RS
27148 [mV] 4748 [mV]

20 50 49 31.2 750 750
411 100 9 333 800 800
6.1 150 148 35.3 850 849
8.1 200 198 37.3 500 398
10.2 250 250 39.3 950 950
122 300 299 413 1000 998
14.3 350 349 43.2 1050 1049
164 400 399 45.1 1100 1075
185 450 449 470 1150 1067
206 500 500 483 1200 1065
22.8 550 552 50.6 1250 1065
24.9 600 600 524 1300 1064
27.0 650 650 5.1 1350 1064
29.1 700 698 LED open EAEY 4
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Table 7. Precision specification of the thermocouple(KS C 1602 — 1982)"
A 7% T3 = A& 3 £ 2}
0C~ 1000C 04 +15C &= L5249 £04%
K CA 0C~ 1200C | 0758 $25C EE LEEA £(075%
-200C ~ 0T 153 +25C ®= &E&A9 +]5%
¥ 8 KS C 1615 — 19917
Table 8. KS C 1615 - 19917,
Al A = B A I
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