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New generation electronic system design of high-temperature guarded
hot plate thermal conductivity apparatus

Zhang Ling Xu Baozheng Li Yanning

(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: An extensive investigation was conducted on the electronic system of the high-temperature guarded hot plate method thermal
conductivity apparatus. It was observed that the electronic system had several issues, including large fluctuation range of temperature
measurement data, prolonged measurement cycles, and inaccurate calculation of heating power, all of which negatively impacted the
measurement repeatability of the apparatus. By designing a new generation of electronic systems for the high-temperature guarded hot
plate method thermal conductivity apparatus, the thermocouple cold junction compensation temperature control structure and the heating
circuit sampling resistor heat dissipation structure were constructed in the design of the new generation electronic system, which reduces
the fluctuation range of temperature measurement data and improves the accuracy of heating power calculation. Moreover, the
temperature measurement circuit was reconstruct by using dual temperature conversion chips to increase the conversion frequency of
temperature measurement. The experimental results demonstrate that the measurement repeatability of the high-temperature guarded hot
plate method thermal conductivity apparatus, after the electronic system enhancement, has significantly improved from +3. 67% ~ 8. 93%
to 2. 69% ~4. 34% within the temperature range of 200 °C ~600 °C. The new generation of electronic systems has markedly enhanced
the measurement reliability of the apparatus, providing more reliable data support for the measurement of insulation materials at high
temperatures. It is of great value in practical applications and is expected to promote the in-depth development of research on high-
temperature insulation materials.

Keywords : guarded hot plate method; thermal conductivity; electronic system; measurement repeatability ; high temperature

Wk H 3. 2024-09-30 Received Date: 2024-09-30



- 42 - LSRR R e o

539 &

0 35l

il

PRIR AR R R T AT 58 SR BOR T I AR A
TR BRI, Z 8] T 2
N PERERIR R K 7 F A e T Tl 5 2 v R R IR A
R/ PG R R R A FRCR . BURMLR KAT
A RURE B A T 2 5 R OR TR A R Sk BH
fe L, PR AP RAT A B S AL A A P A A i A TR
TR AR T R AR TR, BT A R IR A 1 R I
AR AR AU E B RAE > . B A S 0 1
TR R IR B PP, HL I A Bl 4 4 AT RETH
B T R 3 30 % 1 AR R ARE T — AR B R e
PEC BRI AR AS TR TR A TAETR SR, B 4 R
B PAGEAE T PRI 2, P 3 35 T Bl b S vk
FE IR T A SRR I R R RS R
R4 A A B A 1908302 Fil [ % A #E GB/
T10294'° FF % (1 =3 1 B 31 #4025 8L AE 200 C ~
600 °C 119 i B i [l 9 o 47 SC 56 i, I & B R M
+3.67% ~8. 93% , Toikifi /L R IR A BHE B T TR 4L
AIFEI A TR

PR, AR SCRGE A3 AT 1 8 1 7 3 A 72 3 S0
FEEMWENERN, FE NS HARETRENR, &
P, HL T R G0 R FH AR 3R A e I S A 1)
JEE , {E AR o A0 F 1 30 B A R A R i A 2 e L o 1
R EEIR, HR, T R GEXHUES N IR
BT o FE DI T TGk R R, A S L SR A
TEMW 22, e, B 2R 403 ok fin A i 0 L iAok, 3
TR 6 G B8 4 VR T o P BB A, S i SR in A
IR

R, ASCBETT T iR R B B AR I T A B — AR
R4, BRIV AT i F RS R, 375
SR I e A DT (4S8 L 48 6 T8 2 A7l o A Y
W S R IR AR M B R IR A K R, e, BA
Y KB FNZT 2 LR TR A R R IR A 1 T I PR IR M B
FAEGARA EHECR 8 H AAE = 8 A5 1 D b )
IABEREAFTEVF 2, Jo T I B HL 7 o R 2% 1
TR SRR

1 UEENERERER

Bl 4P B 12 A2 S e DM 57— AR A A B
Gy I S AN 1R, AR e AR T
FAAEIRZE , DATERCI P F PO G BB RE 3P AU Bl
AR AR ) B G 447 P il B i A At R ] s A2 1k
AR P TR R IR A R AR RE AR [ B

o PR P B R A B AR AL 1] O 1 0 3K
7 FRld BB REARSE i, 3 (1) 715 R e sl 1 9 5 34
®-d
SRR Y
b A BN SRR @ IR AT
T, R R R EE 5 T, gl Il v TR EE 5 A
MRS ; d AR R R
»ix
WML
yi | wi |
(R
i

BT Byl S

Fig. 1 Single specimen measurement principle
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Fig.2 Test stack structure
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Fig.3 Electronic system overall block diagram
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Fig.4 Cold end compensation thermostat structure
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Fig. 9 Sampling resistor heat dissipation structure
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Fig. 11  Thermoelectric refrigeration control circuit
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400 °C 600 °C AN 52 50 B4~ I B2 oS 2 o 5 2, 52
EaE e TR AR S IR SR BN R R E R
P, LA RINE 1 PR,

M1 AT LIS B — R T RGBT KR =
T R B SR S RO R R, YRR T
200 °C B, {08 i I 12 7 2 P R 2. 69% , 1 it 25 T BE 1Y
T, A Ao I o 5 A2 M BT AR, (R E 600 °C F) I i F
ST REILE] £4. 34%

x1 UEHNEEEH
Table 1 Measurement reproducibility of the apparatus
SR, SRMERBONEE,  WEFE
C (Wem™ K"y (Wem™-K™)

I A %

0.093 25
0. 096 50
0.095 53
0. 100 35
0.097 28
0.111 83
0.110 53
0. 120 20
0. 115 40
0.117 57
0.151 23
0. 150 87
0.139 23
0. 149 85
0. 139 00

200 0. 096 58

400 0.115 11 3.47

600 0. 146 04 4.34

A SCAIF ] ) e 3 75 4 PR AR i S SORT — AU T &
G, AT B Joilt i B ok S A B T R 4
R I BRI F PEREXT LA R AN 2 Fs

Fx2 HBEFRGIEEETLLE
Table 2 Comparison of the electronic system performance
HERIBLAE Dok 3 T et A
o R B e 7 0 i
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e RRRPE R 15 RS 5 2 B R BE IR R T4, 76
—EFREE LS AR AR E Tk

A, FEE NETZSCH 23 7l 4 7= 1 GHP 456 Titan %Y
TR TR BT P 2 S U 29 Xef 2 sr B 2 1Y PH100
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A F RG24 PRI, B0 T A Y il A 2 4 Bl
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T 2 P TR B P AR T AV SN R R i Ay 23R o A 0
Syl R, S EF IR S dey BA AL, BA T
@ i T S S A 7 .

4 &£ i
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