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Optimal design and calibration of NTC thermistor based temperature
measurement system for high temperature application
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Abstract: To apply a negative temperation coefficient( NTC) thermistor to achieve high temperature detection in a
fixed interval, a parameter optimization method of a temperature measurement system ( TMS) is proposed based on
an expected relative temperature tracking control strategy. First of all, the parameters of TMS are initially optimized
for a target temperature range based on nominal values of a NTC thermistor. Then, using an expected relative
temperature tracking control strategy ensures that the steady outputs of TMS are within a specific distance to the
upper and lower boundaries. Thirdly, the actual temperature range, which is measured by a standard temperature
measurement device, is determined if it meets the design requirements. If it does not, the resistances of NTC
thermistor is calculated corresponding to the actual temperatures, the parameters of NTC thermistor is amended,
and then the parameter readjustment of TMS is achieved. At last, experiments are carried out by means of a Fused
Deposition Modeling platform and the results show that the proposed parameter optimization method is valid, which
realizes the optimal design of TMS for the fixed interval, and is helpful to improve the measurement accuracy of
TMS.
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Fig.1 Diagram of signal acquisition and processing circuit

i85 B ag A 2 S A R E i

-
R R
Voul = V/\I( : - = j (2)
Ry + R, R, +R,

AR NTC B B R, 70 391 B2 0 B2 IX 1]
[T,,Ty] FIXIRIH R ZH R, FIR, , Wil
Ry BIZHC, it vl S B L iy v T A 5 A8 A B A A
A, ST R85 Sy v A 5 ) fis MR L. )
K (2), R

R3 R3

AV, =V - . 3
out Al (R3 + RTH R3 + RTL] ( >

WG (3),4 AV, /0R, =0, W15 R, HfAL
EW)]

Ry = /R, R, (4)
J T SEH R, F R, SECEIT A T A 24
R, 1R, BIHB, 5 (4) UAK(2), IS4
Vo \R,:RTH EFHHV, | k=t > Al
R, =R,. (5)
X T2 OR BRI 3, O 1 SR BRI £ 2207
FEAG SRR R — ek, S 5 R E N
Vo/2. B3 (4) M)A (2) , il i He g ik mT
B 5 22 70 TR L B O ORZ4 K, WARARAE
Vi/2 VAZ(«/RiTL + \/ITW )
K = = . (6)
! Voul ‘RTzRT" VAI W - ﬂ)
X A/D Bt B BT IS 4 40 B e T
T RN SRS FE &, SRR . A T AR S A
LR A5 5 9 1 152 2 0TI 5 0KG BE B R2 ), A/ D B
s A B N N R T
2Y =10(T, -T,)/|&,|. (7)
MRS R 22 4 ORI B, Fy i A/D F sy
WA« 5IFREM B ERES vV, WHT LR
wr.

Vo2 +KV
x=2‘N—A2 v il (8)
A2



- 20 - /S =S B A N S ¢

5 50 %

1.3 ETHEMEIIEEREREH RGN ERE®RN

RSN AR E

TSR R I A A A R T AR IR RS X ]
[Twn» Twol » A MR A e VF w25 AT, AT LA
i 12 T PR ARG I 2R 9 178y B 0 3k DX ) J2 R =

[T,,T,] = [Ty - AT, Ty + AT].  (9)

TSR T NTC #A A BHL A i B A I R 4
PIACATE T B AR, AR SCH 1 5T I B AR O IR
R A o SR S 10 3L A D R G S B AR B vk
i 2 s,

<tk >

‘ BAEVIR B T R, [, IF
=X (9) . T A T

¥

L <
r
| R SR AIR,
v
\ mﬁulﬂﬁ& \
\ HX(6) HHIK, |
v

SETAZIRE R 255, % H PTIE ——y—
PRI | T T To& RBUR R & T,
AR A B A || IR S EOE T & RAFA
ﬂr (), FEET BIE
U T R A A
U255, 73 B S 2
AIFHISZE R A/D B RS

v
B BBk
Ty & il To&a
/f—/i\\\x N
— 1T | ST =

i (8) , SR Hit e, Fil e X AY
NTC G BH A BHAE R T R,
A

2 ETHEAMNEBERGEIRMNBEERNRES
B RETS *

Fig.2  Circuit parameter optimization method of temperature

detection system based on desired relative temperature

tracking control strategy
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Fig.3  Calibration method of temperature measurement system

based on heating-power-slowly-change-control strategy
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Fig.4  The desired relative temperature tracking result in
parameter optimization process at the first time
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Tab.2 Parameter optimization results of signal acquisition circuit
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Tab.3 Discrete data for calibration

5 SERREIE/C A/DBE || )PS5 SEPRIRE/C O A/D ¥E
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19 215.3 2 639 40 188.3 431
20 214.3 2 547 41 186.3 277
21 213.3 2 483 42 184.3 104
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Tab.4  Polynomial fitting results based on the least square
method
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Fig.6  Calibration result of the temperature measuring system

based on NTC thermistor
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