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Abstract. The probe and measurement circuit for the liquid level measurement of ultra low 
temperature cylinder was designed. Liquid Nature Gas( LNG) sensor is a coaxial capacitance sensor 
which was used with the material of 304 stainless steel. Teflon was used as an insulating material to 
isolate the stainless steel sleeve and to realize the coaxial positioning. The circuit was designed based 
on 7555 timer and STM32 chip, combining the embedded technology to convert the capacitance of 
the sensor to the pulse signal output. the height and fuel allowance were calculated based on relative 
capacity method. The experimental results shows that the measuring circuit can converted the 
capacitance signal of the sensor to pulse signals reliably and stably, the expected measurement 
accuracy is less than 0.6 % . 

Introduction 
Liquefied natural gas (LNG) is becoming one of the prominent clean energy sources with its 

abundance, high calorific value, and low emission and price[1-3]. The gas vehicles which used with 
LNG have been put into operation.  LNG vehicle cylinders have been gradually used in vehicles, 
trains, ships and aircraft and other transportation vehicles.  Nowadays the total liquefied natural gas 
(LNG) production capacity has reached 290 Mt/year[4-9]. LNG vehicles need to display the LNG fuel 
parameters on the instrument panel, this can help the driver to know the usage of LNG and the rest of 
the situation at any time to ensure reliable and safe driving[10-14]. 

The traditional fuel sensor drives the electromagnet with the float, thus the dry reed switch on or 
off producing changing resistance value to measure the oil level, but this method is not suit to LNG 
measurements because the LNG storage temperature is below -162℃ and it is sealed storage. The 
general liquid level detecting device is difficult to resist the pressure caused by this kind of ultra low 
temperature environment, so it requires to research the sensor, transmitter and display device based 
on the characteristics of LNG gas cylinder[15-16]. In particular, the processing of capacitance signal 
will directly affect the measurement accuracy of liquid level under the ultra low temperature[17]. 

The measurement principle  
    According to different materials, the structure of capacitive sensor and the measurement principle 
are different. The structures are divided into two types: parallel metal plate and coaxial cylindrical. 
Parallel plate capacitor is the most widely used and the most common, but the cylinder rod type is the 
best choice, good accuracy, good stability, good resolution in the liquid capacitance sensor. The 
liquid level measurement principle of the sealed storage in the ultra low temperature environment is 
shown in Fig.1. When the ultra low temperature liquid level changes, the dielectric constant of the 
low temperature liquid will be changed, so the capacitance value is changed, and then liquid level will 
be calculated by the measuring device according to the changing capacitance value. 
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Fig.1 Vehicle LNG tank 

    The basic structure of the non-conducting liquid capacitance sensor is shown in Fig2. It is 
composed of two coaxial cylindrical stainless steel tube, the upper and lower ends of the two tubes are 
both fixed with the insulation materials to form coaxial structure. There is a mall hole in the bottom of 
the outer tube which can allow the liquid to flow freely. The liquid is insulated,  PTFE insulation 
material isolate from the metal cylinder, there are many liquid holes distributed overall the cylinder 
which can keep the same level inside and outside. The inner metal tube and the coaxial sleeve form 
two electrodes, the capacitance is only related to the liquid level, and it has nothing to do with the 
physical structure of the storage tank.When the liquid flows, it changes the dielectric of the capacitor 
and the capacitance value of the capacitor will be changed. The liquid level can be measured 
according to this principle . 

 
Fig.2 the structure of capacitive sensor 

The liquid flows between the two tubes , the liquid level determines the change of capacitance and 
has nothing to do with the dielectric constant of the liquid. Therefore, the value of the liquid level can 
be calculated by calculating the value of the capacitor. 
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Here ε  is the relative permittivity of the gas inside the tank, 1ε  is relative permittivity of the liquid 
fuels. It can be seen that the height of the liquid level is linear with the capacitance value.  

The conversion relationship between capacitance of the coaxial capacitance sensor and liquid level 

is 
h
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relative permittivity of 

the insulating medium.
 
d and D are respectively the inner diameter and outer diameter of the 

capacitance sensor, h is the height of liquid level.
 
According to the formula, the total capacitance of 

the sensor can be obtained: 
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Hereε is the relative permittivity of the gas inside the bottle, 1ε is relative permittivity of the liquid 
fuels. When the fuel height in the bottle is changed from zero to H, the sensor capacitance value is : 
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Table 1 

parameters value parameters value 

outer cylinder diameter 44.5mm thickness 2.5mm 

iinner cylinder diameter 22mm height 591mm 

empty bottle capacitance value 130pf material 304 stainless steel 

Full bottle capacitance value 215pf weight 1350g 

Signal wire diameter 2.5mm Insulating layer Teflon 

PTFE is used for The communication cable and the insulation material. PTFE is a kind of synthetic 
polymer material, it is more commonly used in plastic materials and has good resistance to low 
temperature and mechanical properties. When the temperatures drop to -196℃,it still has good 
elongation, which can work well in a wide range of temperature. 

Circuit design 
The structure of the ultra low temperature capacitive liquid level gauge measuring device includes 

three parts: the capacitance sensor, the transmitter circuit board and the man-machine interactive 
display module, the overall frame of the device is shown in Fig. 3. 

 
Fig.3 overall schematic diagram 

Based on the multi-harmonic oscillator, the capacitance signal is converted into a pulse frequency 
signal by using a capacitor. the relationship between frequency and capacitance is shown as formula 
(4) and (5). The pulse width of the pulse signal is detected by testing the time of the pulse signal high 
level.  The pulse width can be achieved by the use of micro controller internal timer. The tested pulse 
signals are output from the multi - harmonic oscillator to the microprocessor, these pulse signals are 
regarded as an external interrupt by the microprocessor. When the pulse signal rising edge is detected, 
it starts counting; when the pulse signal falling edge is detected, it stops counting; The measured 
value of the timer is multiplied by the machine cycle, then the pulse width is obtained. Oscillation 
period T is the sum of add 1T and 2T . 1T is the charging time for capacitor, 2T is the discharge time. 

the charging time: 
 1 1 2 1 2( ) ln 2 0.7( )T R R C R R C= + ≈ +                                         （4） 

the discharge time: 
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2 2 2ln 2 0.7T R C R C= ≈                                                  （5） 
oscillation period of rectangular wave: 

1 2 1 2 1 2ln 2( 2 ) 0.7( 2 )T T T R R C R R C= + = + ≈ +                           （6） 
the period and frequency of the square wave output can be changed by changing the value of the 

1R , 2R ,and C. The value of capacitance is obtained which can calculate the height of the fuel level, 
and the function of the fuel volume and fuel level in bottle is fixed. Then, the purpose of calculating 
the residual fuel in the bottle by measuring the capacitance value is reached. 

Experiment and discussion 
Selecting 5% precision ceramic capacitor as the measured capacitance, Signal Vout is square wave 

signal. the waveform of the signal was recorded and the signal cycle was measured by signal 
generator . 

Table 2  capacitance measurement data table 
Nominal 

capacitance
（pF） 

High level time 
(mS) 

Capacitance 
calculation  

(pF) 

Relative range error 
(%) 

Relative 
error 
（%） 

0 0 0 0 0 
10 0.0016 11.42857 0.142857 14.28571 
140 0.02 142.8571 0.285714 2.040816 
330 0.044 314.2857 -1.57143 -4.7619 
610 0.08325 594.6429 -1.53571 -2.51756 

1080 0.1445 1032.143 -4.78571 -4.43122 

The error of the capacitance of the capacitor is 5%, The deviation of the measurement results is 
also less than 5% when the capacitor capacity is up to 100pF. The relative error is 14% when small 
capacitors is several tens of PF, relative to other range, the measurement error is less than 1%. the 
Subsequent calibration is needed for the existing measurement error still. Calibration method is: 

(1) By linear fitting of the measured data , then the linear relationship between pulse width 
and capacitance can be obtained. 

(2) the linear formula is written into the lower computer algorithm, then the output 
capacitance is the calibrated capacitance. 

The fitted curve equation is as shown(7) 
7.431730 357.356393y x= −                                          （7） 

The corrected data are shown in Table 3. The maximum measurement error is 1.16pf, the 
maximum error rate is 1.16/1000=0.16%, the device is higher accuracy and smaller error for the 
overall measurement. The results of the calibration capacitor value and the liquid level value fitting 
are shown in Figure 3. 
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Fig. 3 the post calibration capacitor and its AE 
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After calculation analysis, non conducting liquid level measurement in laboratory test , The 
average absolute error is about 0.713mm, the average error rate is 0.3%, the maximum error is 1.2mm, 
the maximum error rate is only 0.6% compared with the whole range. 

Summary 
A LNG car bottle liquid level detection device was designed based on characteristics of LNG 

vehicle cylinder structure, LNG temperature and pressure , Error compensation and precise 
measurement were achieved for the cylindrical capacitor sensor capacitance signal based on relative 
capacitance method; the capacitance and pressure signal acquisition, filtering, amplification 
processing circuits were also designed, the multi harmonic oscillators carry out the information 
transmission which is composed of 7555 by digital quantity instead of analog quantity, and then the 
temperature drift, zero drift, and a variety of clutters would be eliminated. The standard 485/232 
interface output is set up in the control system,. The test results show that the designed LNG in the 
liquid level monitoring system can meet the measurement accuracy requirements, it can improve the 
stability of the LNG vehicle to speed up the promotion of LNG vehicle in real life and ease the vehicle 
energy contradiction. 
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