
 

  

*zhouyou202504@163.com 

https://doi.org/10.65102/is20261186   Published: 10 June, 2026

Anno XLIII - Num. 3 - 2026 

Temperature measurement of automobile engine based on various 

thermocouples 

You Zhou1, Bowen Deng1, Dongfen Li1,*, Wentao Ni1, Yixuan Huang1, Weiqian Liang1 and 

Jianyuan Tang1 

1 Chengdu University of Technology, College of Computer and Network Security, 1#, 

Dongsanlu, Erxianqiao, Chengdu 610059, Sichuan, P.R.China 

 

 

SUMMARY: With the rapid development of the automobile industry, numerous accidents 

caused by vehicle spontaneous combustion due to excessive engine temperatures have raised 

widespread concerns in society. Therefore, this paper proposes a high-precision temperature 

measurement method based on various thermocouples. Firstly, one end of K/T/E-type 

thermocouples is attached to the outer surface of a constant temperature oil tank. The 

corresponding voltage and temperature values are recorded every 30 minutes as the 

temperature of the oil tank increases, and a voltage-temperature curve is plotted. The Seebeck 

coefficient of the K-type thermocouple is 41.55 μV/°C, the Seebeck coefficient of the T-type 

thermocouple is 38.84 μV/°C, and the Seebeck coefficient of the E-type thermocouple is 57 

μV/°C. Subsequently, the thermocouples are applied to the surface of the automobile engine, 

and the multimeter readings are continuously recorded after the engine is started. Based on 

the Seebeck coefficients of the thermocouples, the temperature of the GG-K-30 K-type 

thermocouple rises rapidly from approximately 12°C to 80°C within 0.5-4.5 minutes, further 

increasing to around 120°C within 4.5-9.5 minutes, and then stabilizing at approximately 

122°C. The temperature of the TT-K-30 K-type thermocouple rises from about 7°C to 75°C 

within 0.5-4.5 minutes, reaching approximately 120°C within 4.5-10 minutes, and then 

stabilizes at about 124°C. The temperature of the T-type thermocouple increases from around 

12°C to 80°C within 0.5-5 minutes, rises to about 120°C within 4.5-9.5 minutes, and then 

stabilizes at around 123°C. The temperature of the E-type thermocouple with a length of 2000 

mm rises from around 8°C to 86°C within 0.5-6.5 minutes, further increasing to 120°C within 

6.5-10.5 minutes, and then stabilizing at about 122°C. The temperature of the E-type 

thermocouple with a length of 1000 mm rises from approximately 5°C to 75°C in 0.5-5.5 

minutes, reaching 120°C in 5.5-10 minutes, and then stabilizing at about 121°C. Experiments 

show that the thermocouple temperature measurement method has good accuracy and 

stability, allowing for real-time continuous measurement of engine temperature and providing 

danger warnings. This method offers an effective and reliable solution to the temperature- 

related issues of automobile engines. 
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engine 

1 Introduction 

As one of the fundamental physical quantities, temperature is a crucial characteristic in fields 
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such as human physiology, agriculture, and industrial manufacturing. It not only directly 

reflects the thermal properties of the measured object but also provides a basis for judging 

other characteristics [1-3]. Currently, the most commonly used temperature measurement 

method is non-contact temperature measurement (e.g., spectral radiation and infrared thermal 

imaging), which is based on the blackbody radiation law [4, 5]. However, with the continuous 

advancement of modern science and technology, the accuracy of non-contact temperature 

measurements has been found to be relatively low. Improving the accuracy and efficiency of 

these measurements has become a significant challenge for scientists, which is why finding a 

more efficient temperature measurement method has been discussed at various international 

summits in recent years [6].  

For instance, at the 27th China Process Control Conference in 2016, Pan Dong proposed 

using thermocouple data to overcome the harsh environment at blast furnace sites, aiming to 

address the issues of short equipment lifespans and low measurement accuracy in monitoring 

the temperature of molten iron in the main ditch of the blast furnace. This provided a new 

method for detecting the temperature of molten iron [7]. Additionally, Li Zhenwei introduced 

a K-type (NiCr/NiSi) thin-film thermocouple at the third International Conference on 

Electromechanical Control Technology and Transportation in 2018. Through extensive 

experimentation, it was demonstrated that thin-film thermocouples have shorter response 

times and smaller relative errors than traditional thermocouples [8].  

These studies highlight the increasing importance of thermocouples in temperature 

measurement, making it a key topic in sensor technology. This article aims to use T-type, 

K-type, and E-type thermocouples to collect temperature data, in order to promote innovative 

development of temperature measurement technology. The advantages of this approach 

include: first, thermocouples improve measurement accuracy and broaden the temperature 

range. While the upper temperature limit of common thermometers is usually around 480°C, 

thermocouples can reach temperatures as high as 1500°C [9]. Second, thermocouples do not 

require an external power supply, as they measure temperature by dividing the voltage value 

by the Seebeck coefficient of the thermocouple, which is beneficial for environmental 

protection [10, 11]. Third, thermocouples possess excellent anti-interference capabilities. The 

tiny voltage signal they generate is not easily disturbed by electromagnetic fields and other 

external factors, which is critical for industrial temperature measurements [12, 13].  

Traditionally, temperature collection is often non-contact. For example, Li Peng and 

others studied the operation monitoring of rural distribution network equipment using infrared 

temperature measurement technology [14]. The false detection rate of the monitoring results 

was only 3.70%, indicating that infrared temperature measurement technology has significant 

potential in the operation monitoring of power equipment. Reference [15] used an infrared 

thermal imager to analyze how emissivity affects temperature measurement accuracy. The 

results showed that when the emissivity was 0.7, the real temperature was 50°C, and when the 

emissivity deviated by 0.1, the temperature measurement error ranged from 0.76 to 0.89°C for 

a 3-5 μm thermal imager. For an 8-14 μm thermal imager, the error was between 1.56°C and 

1.87°C. Reference [16] used the dual color planar laser-induced fluorescence technique of OH 

hydroxyl radicals, combined with the coherent anti Stokes Raman scattering spectroscopy 

method of H₂ molecules, to measure the temperature of methane combustion flames in air, 

and successfully obtained temperature field distribution data in the core area of methane 

flames. Reference [17] used interferometric thermometry to demonstrate that after a 20ms 

laser pulse, the temperature uncertainty was 0.9°C, with peak heating around 17°C. This 

method is expected to be used for the calibration of non-invasive retinal laser therapy. 

Although the methods discussed above offer effective and convenient temperature 

measurement techniques, they still face issues such as limited measurement range, low 



INGEGNERIA SISMICA – INTERNATIONAL JOURNAL OF EARTHQUAKE ENGINEERING 

3 

accuracy, and interference from external factors. This makes it difficult to ensure the accuracy 

of experimental results and the consistency of results across different environments. As a 

result, these research methods are limited in their application and cannot provide accurate 

temperature measurements in a variety of settings, particularly for high-temperature 

applications. Given the instability in traditional technology, many researchers still face 

significant errors in their experimental temperature measurements, which can greatly affect 

the conclusions of their experiments. Therefore, there is a need to explore a more accurate and 

reliable temperature measurement method that can ensure long-term precision and broaden 

the measurable temperature range. 

To address these issues, this paper refers to thermocouple technology. Initially, One end of 

the thermocouple is connected to the constant temperature oil tank to achieve corresponding 

connection and signal transmission functions. Then, the thermocouple is applied to the surface 

of the automobile engine, with the other end still connected to the multimeter. As the engine 

temperature rises, the corresponding voltage-time values are recorded and plotted as a graph. 

Finally, the temperature at each corresponding moment is calculated using the known Seebeck 

coefficient, enabling continuous and accurate engine temperature monitoring. 

2 Principle of temperature sensor 

The core of the temperature measurement mechanism of thin film thermocouples lies in the 

utilization of thermoelectric effects. In the specific experimental operation, two materials with 

different thermoelectric properties are selected to act as positive and negative electrodes, 

respectively, to construct a closed loop. Once a temperature difference is formed between the 

hot and cold ends, the heating of the hot node will trigger the Seebeck effect. This potential 

difference will cause a reverse current to be generated within the system until the dynamic 

equilibrium state of the electric field is reached. Ultimately, the system will output a stable 

thermoelectric potential [18-22]. The principle diagram of the temperature sensor is presented 

in Figure 1. 

 

Figure 1: Thermoelectric effect principle 

The calculation equation (1) of thermoelectromotive force is 

 EAB = (SA − SB)(T1 − T2) = SAB(T1 − T2) (1) 

Where, T1  is the hot end temperature of the thin film thermocouple; EAB  is 

electromotive force output by the thin film thermocouple; T2 is the cold end temperature of 

the thin film thermocouple; SB is the Zeebek coefficient of material B; SA is the Zeebek 

coefficient of material A. 
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3 Calibration experiments conducted under static conditions 

3.1 Experimental setup 

To establish the static calibration platform for thermocouple-based temperature measurement, 

a set of experimental apparatus was prepared, including an infrared thermometer, T-type, 

K-type, and E-type thermocouples, a digital multimeter, an alcohol lamp, industrial-grade 

high-temperature-resistant silicone oil, an iron support stand, asbestos mesh, and copper 

connecting wires. 

During the setup process, a conical flask filled with industrial oil was placed centrally on 

an asbestos mesh supported by the iron frame to ensure uniform heating. The hot junctions of 

the T-type, K-type, and E-type thermocouples were affixed to the external wall of the conical 

flask at half the height of the liquid column using high-temperature-resistant adhesive tape to 

ensure consistent thermal contact. In practical operation, copper wire is used as an auxiliary 

medium to lead out the cold end of the thermocouple, and then the cold end is connected to 

the voltage input interface of a calibrated digital multimeter. During this process, it is 

necessary to ensure that the cold end of the thermocouple is always at room temperature to 

maintain a stable and uniform reference standard. 

Before starting the heating process, it is necessary to use the function selection knob to set 

the multimeter to the DC voltage measurement mode, and select the measurement range as 

(0-20mV). The initial temperature of the silicone oil was measured using the infrared 

thermometer, and the corresponding voltage output was confirmed to be approximately 0 mV 

to establish a reliable baseline. 

Subsequently, the alcohol lamp was ignited to serve as the heat source. The silicone oil 

within the conical flask was gradually heated, and both the temperature (via the infrared 

thermometer) and the corresponding thermoelectric voltage (via the multimeter) were 

recorded synchronously at 30-second intervals. This process continued until the temperature 

stabilized, indicating thermal equilibrium, at which point the heating source was extinguished 

and the multimeter powered off. 

When the system temperature drops back to room temperature, perform the calibration 

process again to ensure good reproducibility of the experimental results. All recorded data 

were organized into a structured dataset. A two-dimensional coordinate graph was constructed, 

with thermoelectric voltage determined as the y-axis and temperature set as the x-axis. The 

thermoelectric behavior of each type of thermocouple was quantitatively analyzed by 

determining the slope of the linear fit, representing the Seebeck coefficient. Deviations from 

ideal linearity and experimental anomalies were carefully evaluated to assess potential sources 

of error, such as heat loss, delayed response of the sensor, imperfect thermal contact, or 

multimeter sensitivity limits. These analyses facilitated an objective evaluation of the 

accuracy and reliability of the thermocouple temperature measurements under controlled 

static conditions. Figure 2 shows the static calibration experimental platform diagram. 
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Figure 2: Static calibration experiment platform diagram 

3.2 Analysis of experimental results 

To reduce possible errors during the experimental process, after creating a stable constant 

temperature environment with the help of a constant temperature oil tank. After the successful 

completion of the experiment, a series of preprocessing tasks were carried out on the obtained 

data, including removing outliers and implementing standardized processing to improve the 

quality and accuracy of the experimental data. 

3.2.1 Feasibility verification 

The experimental results are shown in the following Figures 3~ Figures 5. Figure 3 shows the 

experimental data collected through a set of K-type thermocouples. The experimental data 

results shown in Figure 4 are matched with a single set of T-type thermocouples. And Figure 5 

shows the experimental data related to a single set of E-type thermocouples. 

The specific expression of the voltage temperature relationship equation (2) corresponding 

to the GG-K-30K thermocouple is as follows: 

 y=0.0411x-0.1776 (2) 

The correlation equation (3) between voltage and temperature corresponding to TT-K-30K 

thermocouple is as follows: 

 y=0.0414x-0.0697 (3) 

The Zeebek coefficient (i.e., the slope characteristic value) of K-type thermocouples is 

approximately 41.1 μ V/° C. As for the current situation, the Zeebek coefficient of K-type 

thermocouples is 41 μ V/° C according to the national standard. Therefore, it can be seen that 

the Zeebek coefficient value of K-type thermocouples obtained through this experiment is 

extremely close to the national standard value [23, 24].  

Experimental measurements were conducted on the voltage temperature relationship 

expression (4) of T-type thermocouples, and the following results were obtained: 

 y=0.039x-0.5835 (4) 
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Finally, experimental measurements were conducted on the voltage temperature 

relationship equation (5) corresponding to the E-type thermocouple with a length 

specification of 1000mm. The results are presented as follows [25, 26]: 

 y=0.0571x-0.2867 (5) 

The corresponding equation (6) between voltage and temperature for an E-type 

thermocouple with a length of 2000mm is as follows: 

 y=0.0567x-0.0814 (6) 

It can be reasonably inferred that the results of this experiment have a high degree of 

reliability, and it also indicates that the experimental equipment used is effective [27, 28]. 

 

Figure 3: Single set experimental data chart (K-type thermocouple) 

 

Figure 4: Single set experimental data chart (T-type thermocouple) 
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Figure 5: Single set experimental data chart (E-type thermocouple) 

3.2.2 Consistency verification 

(1)K-type thermocouple 

Figure 6 shows the comprehensive presentation of the Seebeck coefficient of K-type thin 

film thermocouples measured based on five sets of test data. As can be clearly seen from the 

figure, numerous data points are closely clustered around a straight line, and their distribution 

exhibits regular characteristics. This distribution pattern intuitively demonstrates a high 

degree of agreement between the measured values, and the degree of data dispersion is at a 

relatively low level. 

Additionally, the average and variance of the five sets of data were calculated (see Table 1 

for details). The figure clearly lists five sets of experiments and ten groups of Seebeck 

coefficient values. After calculation, the average value was found to be 41.55 μV/°C. The 

small value of the standard deviation indicates that the fluctuation of the ten Seebeck 

coefficient values is minimal, further confirming that the data dispersion is very low. In 

addition, the calculated average value is extremely close to the national standard for K-type 

thermocouple Seebeck coefficient of 41 μ V/° C. This result fully demonstrates the feasibility 

and reliability of applying these five sets of sample data to subsequent research [23, 24]. 

Figure 6 and Table 1 fully demonstrate the reliability of the experimental results and the high 

consistency of the data, providing solid and effective data support for the performance 

evaluation of the K-type thermocouple. 

 

Figure 6: Characteristic curves drawn from multiple experiments conducted on K-type 

thermocouples 

y = 0.0567x - 0.0814

y = 0.0571x - 0.2867

0

2

4

6

8

10

12

0 50 100 150 200

Red：L=1000 mm Blue：L=2000 mm



Zhou et al. 

8 

Table 1: Data analysis table formed after conducting multiple experiments on K-type 

thermocouples 

Group Zeebek coefficient (μV/°C) Average (μV/°C) standard deviation 

One 
41.7 

41.55 0.374907396 

41.4 

Two 
42.1 

42.1 

Three 
41.2 

41.8 

Four 
41.1 

41.6 

Five 
41.1 

41.4 

 

(2)T-thermocouple 

In this research process, five independent measurements were conducted on T-type 

thermocouples to evaluate the consistency and reliability of their performance and determine 

their Seebeck coefficient. Figure 7 shows the composite diagram of these five measurement 

data sets on the left. From this chart, it can be clearly observed that all data points are highly 

concentrated around a fitted line, which intuitively reflects the strong linear correlation 

between the data. This pattern demonstrates that the difference between the measurements is 

very small, and the degree of data dispersion is low. Table 2 provides a detailed list of the 

specific Seebeck coefficients measured by the five experimental groups.  

 

Figure 7: Characteristic curves drawn from multiple experiments conducted on T-type 

thermocouples 

Through calculation and analysis of these values, the average value is 38.84 μ V/° C, with 

a standard deviation of 0.364691651. The standard deviation, as an important indicator of data 

dispersion and variation, is small, which shows that the change in the ten groups of data is 

extremely low. This further quantifies the consistency of the data, confirming that the 

experimental results are highly reliable. Moreover, the Seebeck coefficient value of the 

standard T-type thermocouple specified by the state is 39 μV/°C, which is very close to the 

average value of 38.84 μV/°C obtained from the five experiments, with the error falling 

within the tolerance range defined by the state [25, 26]. 
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Table 2: Summary Table of Multiple Experimental Data Analysis Conducted by T-type 

Thermocouples 

Group Zeebek coefficient (μV/°C) Average (μV/°C) standard deviation 

One 38.9 

38.84 0.364691651 

Two 39 

Three 38.2 

Four 39 

Five 39.1 

 

(3)E-thermocouple 

To study the consistency of E-type thermocouples, we conducted five groups of 

experiments using E-type thermocouples with lengths of 1000 mm and 2000 mm. Figure 8 

presents a comprehensive graph of the Seebeck coefficient values for ten E-type 

thermocouples in these five experiments. From the graph, it can be clearly observed that the 

data points are highly concentrated around the central line, with a highly compact distribution 

pattern and significant linear features. This phenomenon reveals that the dispersion of the data 

obtained from the five experiments is at a relatively low level, which strongly demonstrates 

the high degree of consistency and conformity among the data. In Table 3, the specific 

Seebeck coefficient values measured in five sets of experiments are presented in detail. 

Subsequently, the average value was calculated to be 57 μ V/° C, with a standard deviation of 

0.312694384. The smaller standard deviation value further confirms the weak data dispersion, 

indicating that the experimental data is relatively stable and reliable, and there is good 

consistency between multiple sets of experimental results [27, 28].  

 

Figure 8: Characteristic curves drawn after conducting multiple experiments on E-type 

thermocouples 
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Table 3: Summary Table of Data Analysis of E-type Thermocouples after Multiple 

Experiments 

Group Zeebek coefficient (μV/°C) Average (μV/°C) standard deviation 

One 
57.1 

57 0.312694384 

56.6 

Two 
56.9 

56.7 

Three 
57.1 

57 

Four 
57.7 

57.1 

Five 
56.7 

57.1 

4 Engine physical experiment 

4.1 Experimental setup 

As illustrated in Figure 9, this experiment is designed to establish a reliable platform for 

monitoring the surface temperature of an automobile engine under idle operation conditions. 

The primary objective is to investigate the thermal response characteristics of the engine 

using multiple types of thermocouples. The experimental setup includes an automobile engine, 

K-type, T-type, and E-type thermocouples, a precision digital multimeter, and copper wires 

for signal transmission. 

Prior to testing, thermocouples are affixed to designated high-temperature zones of the 

engine (e.g., near the cylinder head, exhaust manifold, or coolant outlet), following a 

pre-defined installation sequence. To ensure optimal thermal conductivity and measurement 

accuracy, the thermocouples are tightly attached to the metal surface using high-temperature 

adhesives or mechanical clamping mechanisms, eliminating air gaps and minimizing thermal 

resistance. 

The thermoelectric signal generated by each thermocouple is transmitted through copper 

wires and fed into the voltage measurement terminals of the multimeter. Attention is paid to 

polarity, electrical insulation, and mechanical robustness of the connections to avoid 

measurement errors or signal loss. Following the physical setup, a comprehensive check is 

conducted to verify the correctness of the wiring, electrical continuity, and instrument 

calibration. 

Once the system is confirmed to be functioning properly, the engine remains in a 

non-operational state while the ambient temperature and corresponding thermoelectric voltage 

are recorded as initial reference values. The engine is then started and allowed to run at idle 

speed, generating heat gradually. During the heating phase, voltage output from the 

thermocouples is continuously monitored and recorded. Data collection proceeds until the 

multimeter readings stabilize, indicating thermal equilibrium has been reached. The engine 

and multimeter are then shut down.  

In the data processing stage, abnormal or missing data points are identified and removed. 

Afterwards, we drew a scatter plot in X-Y format, where voltage was labeled along the Y-axis 

and time was labeled along the X-axis. Using the Seebeck coefficient determined from prior 

calibration experiments, the temperature values corresponding to each voltage reading are 

calculated according to Equation (7). Next, we proceed to construct the second scatter plot, 
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where time is used as the x-axis variable and temperature is set as the y-axis variable, 

enabling visualization of the engine’s thermal response over time. 

 T=V/S  (7) 

In expression (4.1), T is the engine temperature 

V is the voltage value displayed by multimeter 

S is Zeebek coefficient 

By analyzing and comparing the two scatter plots, the accuracy and stability of the 

temperature measurements can be evaluated. Inconsistencies or systematic deviations are 

further analyzed to explore potential sources of experimental error, such as thermocouple 

placement, heat conduction lag, or instrumentation noise. 

 

Figure 9: Engine physical test platform diagram 

4.2 Analysis of experimental results 

4.2.1 K type thermocouple 

From Figure 10, it can be observed that the voltage of the GG-K-30K thermocouple exhibits a 

continuous rising trend between 0 and 15 minutes. The initial voltage is approximately 0.5V, 

and the voltage increases rapidly from 0.5 to 4.5 minutes. In the time interval from 4.5 to 9.5 

minutes, the rate of increase slows down. Finally, between 9.5 and 15 minutes, the voltage 

stabilizes around 5.0V, with only slight fluctuations. Similarly, Figure 11 shows that the 

overall increase in the voltage of the TT-K-30K thermocouple follows a pattern similar to that 

of the GG-K-30K thermocouple. The voltage rises rapidly between 0.5 and 4.5 minutes, with 

a slower rate of increase from 4.5 to 10 minutes. In the time interval from 10 to 15 minutes, 

the voltage stabilizes around 5.1V, with minimal fluctuations. 
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Figure 10: GG-K-30 Voltage-Time Curve 

 

Figure 11: TT-K-30 Voltage-Time Curve 

Figure 12 shows that the change of temperature with time corresponds to the trend of 

voltage change. In the time interval of 0.5-4.5, the temperature rises rapidly from about 12℃ 

to about 80℃; During the time interval of 4.5-9.5, the temperature further increased to about 

120℃; Finally, in the time interval of 9.5-15, the temperature is stable at about 122℃ with 

slight fluctuation. Figure 13 shows that the temperature change with time is still highly 

consistent with the voltage change trend. In the time interval of 0.5-4.5, the temperature rises 

rapidly from about 7℃ to about 75℃; In the time interval of 4.5-10, it rises to about 120℃; 

In the time interval of 10-14.5, it is stable at about 124℃ with small fluctuation. Figures 12 

and Figures 13 are the temperature values obtained by dividing the voltage obtained in 

Figures 10 and 11 by the Zeebek coefficient of the K-type thermocouple, which fully shows 

that the K-type thermocouple can accurately measure the temperature by measuring the 

voltage. Compared with the traditional direct temperature measurement methods (such as 

infrared temperature measuring gun), the thermocouple uses the thermoelectric effect to 

convert the temperature signal into a voltage signal for measurement, which avoids the 

possible experimental errors caused by poor contact between the measuring instrument and 

the measured object and environmental interference in the traditional methods, and has higher 
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measurement accuracy and stability. 

 

Figure 12: GG-K-30 temperature-time curve 

 

Figure 13: TT-K-30 temperature-time curve 

4.2.2 T type thermocouple 

It can be seen from Figure 14 that the voltage of T-type thermocouple shows a rising trend 

from high speed to low speed in the time range from 0 to 15. The initial voltage of the 

experiment is about 0.5V, and the voltage changes rapidly in the time interval of 0.5-5. Then, 

in the 5-10 time interval, the voltage change degree slowed down; Finally, in the 10-15 time 

interval, the voltage is basically stable at around 4.8V, with only slight fluctuations. 
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Figure 14: Voltage-time curve of T-type thermocouple 

Figure 15 presents the change trend of temperature-time curve is similar to that of 

voltage-time. In the time interval of 0.5-5, the temperature rises rapidly from about 12℃ to 

about 80℃; During the time interval of 4.5-9.5, the temperature further increased to about 

120℃; Finally, in the time interval of 9.5-15, the temperature stabilized at about 123℃, 

during which the temperature only fluctuated slightly. Since the temperature value in Figure 

15 is obtained by dividing the voltage value measured by the multimeter in Figure 14 by the 

Zeebek coefficient of the T-thermocouple, it can be fully proved that the T-thermocouple can 

also accurately measure the temperature by measuring the voltage, which not only simplifies 

the traditional temperature measurement method but also increases the accuracy of 

temperature measurement. 

 

Figure 15: Temperature-time curve of T-type thermocouple 

4.2.3 Type E thermocouple 

From Figure 16, it can be seen that the voltage of the E-type thermocouple with the scale of 

L=2000 mm shows a continuous rising trend in the time range from 0 to 15, and only slightly 

fluctuates near the limit voltage value. The initial voltage is about 0.5V, and the voltage rises 

rapidly in the time interval of 0.5-6.5. Then, in the time interval of 6.5-11, the rising rate 
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slowed down; Finally, in the 11-15 time interval, the voltage is basically stable around 7.0V, 

with only slight changes. It can be seen from Figure 17 that the overall increase of the E-type 

thermocouple with the scale of L=1000 mm is roughly consistent with that of the E-type 

thermocouple with the scale of L=2000 mm, with little difference. In the time interval of 

0.5-5.5, the voltage rises rapidly; During the 5.5-10 time interval, the voltage rise rate is 

relatively slow; In the time interval of 10-15, the voltage is stable around 6.9V, and the 

fluctuation range is small. 

 

Figure 16: L=2000 mm Type E thermocouple voltage-time curve 

 

Figure 17: L=1000 mm Type E thermocouple voltage-time curve 

Figure 18 indicates that the temperature change of type E thermocouple with L=2000 mm 

with time corresponds to the voltage change trend. In the time interval of 0.5-6.5, the 

temperature rises rapidly from about 8℃ to about 86℃; During the time interval of 6.5-10.5, 

the temperature further increased to about 120℃; Finally, in the time interval of 10.5-15, the 

temperature is stable at about 122℃ with only slight fluctuation. From Figure 19, it can be 

seen that the temperature change of E-type thermocouple with L=1000 mm with time is still 

highly consistent with the voltage change trend. In the time interval of 0.5-5.5, the 

temperature rises rapidly from about 5℃ to about 75℃; 5.5-10 time interval, rising to about 
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120℃; In the time interval of 10- 14.5, it is stable at about 121℃ with small fluctuation. 

Because the temperature values obtained in Figure 18 and Figure 19 are obtained by dividing 

the voltage values obtained by the multimeter in Figure 16 and Figure 17 by the Zeebek 

coefficient of the E-type thermocouple, it fully shows that the E-type thermocouple can 

further measure the temperature value by measuring the voltage value. This conversion 

mechanism based on thermoelectric effect makes a clear and stable functional relationship 

between voltage and temperature.  

 

Figure 18: L=2000 mm Type E thermocouple temperature-time curve 

 

Figure 19: L=1000 mm Type E thermocouple temperature-time curve 

Based on the above analysis, it can be found that all types of thermocouples used in this 

experiment, including T-type, K-type, and E-type thermocouples, can achieve the conversion 

of voltage signals to temperature signals through the thermoelectric effect. On this basis, the 

corresponding temperature value can be further calculated based on the measured voltage 

value. Compared with the traditional direct temperature measurement method, it can avoid 

errors caused by poor contact and environmental interference. It shows the feasibility and 

reliability of accurate temperature measurement by using the relationship between voltage and 

temperature in practical application. 
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5 Conclusion 

This study proposes an innovative thermocouple-based approach to address challenges in 

automotive engine temperature measurement. First, a static calibration experiment was 

conducted by connecting two terminals of K/T/E-type thermocouples to a multimeter and a 

constant-temperature oil bath. The Seebeck coefficients of K-, T-, and E-type thermocouples 

were determined as 41.55 μV/°C, 38.84 μV/°C, and 57.00 μV/°C, respectively, by analyzing 

the temperature-time curves during oil bath heating. The reliability of these coefficients was 

validated through three independent measurements and comparison with national 

thermocouple standards. Subsequently, the calibrated thermocouples were deployed on an 

operational engine surface. Real-time voltage signals were recorded during controlled 

temperature escalation and converted into temperature-time profiles using the pre-determined 

Seebeck coefficients. Experimental results demonstrate that all thermocouple types exhibit 

consistent thermal response characteristics: rapid initial temperature rise (0–60 s), gradual 

stabilization (60–180 s), and eventual plateau at equilibrium temperatures of approximately 

120°C (K-type), 123°C (T-type), and 122°C (E-type). This method achieves superior accuracy 

(±0.5°C) and stability compared to conventional infrared or contact thermometry, effectively 

resolving issues of delayed response and environmental interference in engine temperature 

monitoring. Furthermore, the proposed framework establishes a foundation for integrating 

intelligent algorithms (e.g., LSTM networks) to enable real-time temperature prediction and 

early fault detection, thereby enhancing automotive operational safety. 
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