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Abstract This article describes the results of a study on improving the temperature measurement
accuracy of a thermistor used for overheat prevention in an ICCB power plug of electric vehicles
charging. The thermistor for overheat prevention is installed inside the ICCB power plug to measure the
plug pin temperature while charging the electric vehicle, convert the measured temperature into
resistance, and deliver it to the ICCB module. The ICCB module that receives the resistance value shuts
off the power supply at a specific temperature to prevent a fire. However, due to the thermistor
assembly method inside the power plug, there is a deviation in the measured temperature. To improve
the temperature measurement accuracy, the thermistor fixing inside the power plug was divided into
three types, and the temperature measurement accuracy was checked for each type. The best thermistor
fixing method was found, and 18 types of temperature sensor fixture parts were manufactured based on
the previous experimental results, and a conformity evaluation was performed for each type. As a result,
it was confirmed that the Al,O3 content and the fixture part thickness affect the temperature accuracy.
This study is expected to be a reference for mass production of high-reliability ICCB Power Plug.
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Table 1. Thermistor candidate group

Category Thermistor Shape Rz (Q)
Current Applied -
Thermistor - 3.0
Candidate < - 30
Thermistor #1 — :
Candidate — -
Thermistor #2 « e 2.7
Candidate i -
Thermistor #3 a« — 33
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Fig. 1. Experiment plan for fixture design parameter
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Fig. 3. Thermistor assembly type
(2) Thermistor head on copper wire
(b) Thermistor head on plug pin
(c) Thermistor head into thermal pad
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Table 2. Compound mixing ratio

Category Unit | ALOs | PA6 | Total

Type #1 % 10 90 100

Compound Type #2 % 30 70 100
Type #3 % 60 40 100
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Fig. 4. Fixture structure for thermistor assembly
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Fig. 5. Schematic diagram of Fixture
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Table 3. Thermistor assembly fixture dimension

Table 5. Candidate thermistor resistance performance

parameter data
Symbol Unit Dimension Temperature Resistance Temperature Resistance
A m 19.4 ©) Value (i) © Value (i)
B Juint 9.7 -55 288.900 50 1.081
C mn 11.0 -50 201.030 55 0.896
D mn 8.0 -45 141.510 60 0.746
E mn 3.93/5.93/7.93 -40 100.950 65 0.625
F n 1.2/2.5 -35 72.780 70 0.526
-30 53.100 75 0.444
-25 39.120 80 0.377
-20 29.121 85 0.322
- -15 21.879 90 0.275
3. W du M -10 16.599 95 0.237
-5 12.696 100 0.204
0 9.795 105 0.177
3.1 2EMM AL M I} 5 7.617 110 0.153
. _ 10 5.970 115 0.134
RILAA AlF A H7FE BSto] ICCB Ao 71l 15 VIt 120 0117
90T A <] %At ICCB Power Plugell Z-&5= 241 20 3.747 125 0.103
_ - = 25 3.000 130 0.090
A9l B 71E AL E st A TH 2EAA 30 2417 135 0.080
¥ 24 A7E Fig 6ol HaaA 5 159 I w0
} . 0 1.59 1 0.0
SHE ARE 2FAIA #1, #2, #3008 VIS A 45 1311 150 0.056
Fgkoll 714 ke Aoz =L,
. 3.2 MM 1H 7y
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Fig. 6. Comparison thermistor performance
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Table 4. Candidate thermistor #1 specification

General technical date Symbol Unit Value
Climate category B B
(IEC60068-1) %5 1155756
Resistance tolerance ARR/RR % +1, 3, £5
Dissipation factor (in air) oth mW/K 1.2 /3.2
T“hermal coolini‘g ‘ Te s 15/ 12
time constant (in air)
Heat capacity Cth mJ/K | 22.5 / 38.4
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Table 6. Comparison resistance value @ 90T

Division Type #1 Type #2 Type #3
Assembly memc ] 5 [ e ) [ B)
Concept —i —rI: — I )
@ Standard
R Value(k) 0.275 0.275 0.275
@ Measured
R Value(k) 0.453 0.298 0.324
4 Resistance
Value@-D, ) 0.178 0.023 0.049
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Table 7. Comparison resistance value @ 90T
accordance with Al;O3 mixing ratio

ALO; Standard Thermistor Position (mm)
mixing ratio Value 7.93 5.93 3.93
10% 0.275 1.095 1.208 1.089
30% 0.275 0.690 0.682 0.703
60% 0.275 0.715 0.719 0.705
Table 72 TFRE 1.2t 38 ALO; THFHE =9

I RJIME 7HE Al 57 AL AFfelnt. 10%°14 30%
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Table 8. Comparison resistance value @ 90T
accordance with Al;O3 mixing ratio

ALO;s Standard Thermistor Position (mm)
mixing ratio Value 7.93 5.93 3.93
10% 0.275 0.769 0.795 0.779
30% 0.275 0.611 0.536 0.556
60% 0.275 0.495 0.497 0.519
Table 82 FAXE 2.5t, ALO; T-HFH Z81

o o
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Table 9. Analysis of variance (ANOVA)

Source DFY Adj SS? Adj MS? F-Value? p-Value®
Model 13 3.01735 0232104 23.49 0
linear 7 2.49324 0.356177  36.04 0
Temp. 2 1.08382 0.541909  54.84 0
Posi. 2 001252 0.00626  0.63 0.54
Ratio. 2 082915 0414577 41.95 0
Thick. 1 056775 0567748  57.45 0
W 6 02411 0087351 884 0
Temp.*Ratio. 4  0.45315 0.113288 11.46 0
Ratio.*Thick. 0.07095 0.035477  3.59 0.04
Error 40 0.39529 0.009882
Total 53 3.41263

1)DF : Degree of freedom; 2)AdiSS : Sum of squares;

3)AdjMS : Mean of square; 4)F-Value : MSTR/MSE: 5)p-Value
: The criterion for determining the significance level and the
reference value is less than 0.05.
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