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Abstract 
Combining with the working characteristics of the liquid rocket engine face seal, the necessity of quality control 
of graphite material for face seal is expounded. In the high speed, high pressure, vibration shock, high and low 
temperature and strong oxidation environment, if the face seal fails, it will directly affect the performance and 
reliability of the liquid rocket engine. Based on the inhomogeneity and anisotropy of graphite material, the micron 
scale X-ray scanning technique is determined, the key parameters of the X-ray detection such as power, filter slice 
and integral time are compared and analyzed, then the process parameter setting rule and the high precision 
detection method of the internal defect inspection of graphite material are confirmed, the highest accuracy is up to 
20 microns. and the experimental results show that the detection accuracy is accurate and reliable. Based on the 
VGDeFX algorithm in VG Studio MAX, the visualization analysis and simulation of the voids in the graphite 
material are carried out. A statistical method for calculating porosity of graphite materials based on image 
processing is proposed, and taking two typical graphite materials as an example, the porosity test was carried out. 
The accuracy of porosity measurement of graphite material is greatly improved, and the reliability of liquid rocket 
engine is guaranteed. 
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1.  Introduction 
As an important component of the energy transmission system of turbopump in liquid rocket 
engine, the end face seal is mainly used to seal liquid oxidizer, fuel and isolate gas. If the end 
face seal fails, it will directly affect the performance and reliability of the engine, and even 
produce disastrous consequences. Especially for the new generation of liquid oxygen kerosene 
engine in our country, the working parameters of the turbine pump face seal are improved 
continuously, and the vibration and shock environment is extremely bad. Porosity is the basic 
factor that affects the mechanical properties of graphite material. If the porosity is too large, it 
will lead to the porosity of graphite matrix, more voids, coarse grains and uneven density, then 
the mechanical strength is reduced, in the high speed, high pressure, vibration shock, high 
temperature gradient and strong oxidation work environment, there will be risk of abrasion, 
falling off, crushing and even burning. Therefore, in order to ensure the reliability of the engine, 
the porosity of the graphite material should be controlled accurately[1-2]. 
The void of graphite material is divided into open type and closed type [3], at present, boiling 
method is usually used to calculate the opening porosity, and the internal pore of graphite 
material can not be accurately reflected. A method for measuring the porosity of the whole hole 
is proposed by JB-T 8133.15-2013<Test method for physical-chemical properties of electrical 
carbon product-Part 15:Porosity>. The sample of this method is over 70 mesh (0.224mm) 
standard sieve, the precision is not enough, and the immersion method can not detect the tiny 
pore inside the sample, considering the uneven density and anisotropy of graphite material, the 
porosity of each graphite material is different. The method only shows the average porosity of 
the local region of the sample. Based on micron scale X-ray tomography NDT technique [4-5], 
an accurate method for detecting total porosity of graphite material is proposed. 
 
 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

21
98

0



 

2 
 

The 9th International Symposium on NDT in Aerospace 
8-10 November, 2017, Xiamen, China 

2.  Effect of preparation process of graphite material on porosity 
At home and abroad, the space sealed graphite material is usually developed by the 
conventional two element method, namely, the preparation method of calcined coke as 
aggregate and asphalt as binder, through the crushing of raw materials, mixing, kneading, 
rolling, milling and other processes to form pressure powder, then use extrusion, molding, 
vibration or isostatic pressing and other molding, the carbon product is formed by roasting 
process, and the graphite is processed by soaking and densification, and finally graphite 
products are formed. By adopting the preparation method, about 40% of the component in the 
binder asphalt can be decomposed and escaped in the process of roasting, then a large number 
of voids are left in the tissue structure. Although the latter is strengthened by impregnating 
asphalt carbonization process many times, the structural integrity of the material is poor. 
The microstructure of the graphite material, shown in figure 1, contains a large number of 
microcracks and pores, leading to a decrease in mechanical strength. 

               
Fig. 1 microstructure of graphite 

3.  Test method of conventional porosity 
3.1 Opening porosity 
The opening porosity of ordinary graphite material is calculated according to formula (1): 
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In the formula, m is the quality of the sample; m1 is the weighing bottle; m2 is the quality of the 
boiled sample and weighing bottle; d0 is the volume density of water; V is the volume of the 
sample. 
3.2 Total porosity 
The total porosity is calculated by formula (2) [6]: 
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In the formula, dj is volume density, dz is true density; 
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In the formula, dl is the density of ethanol; m3 is the density bottle filled with ethanol; m4 is the 
quality of the density bottle containing the sample and the ethanol. 
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In the formula, m5 is the quality of density bottle; m6 is density bottle and water quality; m7 is 
density bottle and ethanol quality. 
As mentioned above, the method of total porosity in the detection process, required sample size 
less than 0.224mm, but by the immersion method can not detect the test sample of internal 
micrometer closed porosity, lack of precision. 
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4.  Micro scale X-ray tomography 
In this paper, a micro focus X ray machine is used to investigate the accuracy of porosity 
measurement of graphite materials, as shown in figure 2, Firstly, the high power X ray tube is 
used to realize the micro scale NDT of graphite materials; Secondly, the 3D model of the 
graphite material to be measured is reconstructed by YXLON-CT software to reconstruct the 
detected data; Finally, the 3D model is imported into VG Studio MAX software, and the 
VGDeFX algorithm is used to analyze the defect image [7-8]. 

 
Fig. 2 micro focus X ray real time imaging system 

4.1 High precision scanning parameter setting 
In the X ray detection process, the power, filter and integration time affect the image's gray 
level, saturation and so on, thus affecting the imaging effect of the defect characteristics. 
Therefore, in order to accurately capture the internal defects of graphite materials, the key 
process parameters need to be studied. 
4.1.1 Power 
As shown in figure 3, with the reduction of power, the image uniformity and clarity are getting 
worse and worse, and the defect features become increasingly blurred, when P=60W, the crack 
defect size is 0.202mm, which agrees with the actual defect size, when P=40W, the defect size 
is 0.16mm, and the defect characteristics begin to blur, however, when P=10W, the defect size 
is not recognized. Therefore, in the process of graphite material internal defect detection, in 
order to obtain more accurate graphite material defect characteristics, determine the power 
P=60W. 

 

Fig. 3 Effect of power on X ray imaging 
 

4.1.2 Filter 
The function of the filter is to reduce the background, increase the peak to back ratio, filter the 
interference peaks and stray peaks, and improve the counting accuracy of the detector. 
Therefore, in the X ray inspection process, the choice of filter is particularly important, it is 
directly related to the image uniformity and defect resolution. In this paper, three kinds of filters, 
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such as Al, Fe and Cu, are compared and analyzed. The result is shown in figure 4, with Al 
filter, the image has the highest degree of gray and saturation, while the Cu filter is used. The 
image has the lowest gray level and saturation, and the result is inversely proportional to the 
density of the filter. The image and defect features are shown in figure 5, and the Al filter has 
the best image results, so it is recommended to use a Al filter with a slightly higher density than 
graphite. 

 

Fig. 4 defect detection results under different filter conditions 

4.1.3 Integral time 
The integral time is directly related to the intensity of radiation, in the case of current and 
voltage, the longer the integration time, the higher the image gray level, the greater the dose of 
X ray radiation. In this paper, the condition is that the voltage is 220kV, the current is 0.3mA, 
then the integral time is 300ms, 400ms, 600ms and 800ms are compared and analyzed, as shown 
in figure 5, with the increase of integration time, the image intensity and saturation become 
higher and higher. When the integration time is 400ms, the image uniformity and defect feature 
are optimized. 

 
Fig. 5 defect detection results under different integral time conditions 

4.2 Inspection accuracy verification 
To verify the accuracy of the above process parameter setting method, machining different sizes 
of defects on graphite material, the size defect is tested and the accuracy of the detection method 
is verified. The test results are shown in figure 6, the defect feature detection accuracy is good, 
and the size of bar and round defect detection coincides with the set size. 
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Fig. 6 Comparison of different defect detection accuracy 

5.  Porosity test 
According to the standard of setting up the key process parameters, the internal voids of two 
common liquid rocket engine graphite materials are simulated and analyzed. The main process 
is as follows: 
(1) Setting the parameters of the micro focus X ray machine: the voltage is 220kV, the current 
is 0.3mA, the integral time is 400ms, the filter piece is 0.5mm aluminum piece, and the 
minimum defect detection capability is 0.049mm. 
(2) The 3D model of graphite material is obtained by processing the test result by YXLON-CT 
software. 
(3) Use VGDeFX algorithm to analyze the defect image, set Noise reduction as High adaptive, 
Probability criterion as General, and Probability threshold as 0.1. 
The simulation results are shown in figure 7, there is less voids in the material A, and there are 
more voids in the material B, The main reason is that the production process of material A is 
based on the intermediate carbon microsphere, the self sintering process was developed, by 
adjusting the work content of β resin can have good self-adhesive, then the structure is compact, 
therefore, the microstructure of the material A is quasi-single-phase. The material B uses the 
traditional carbon / graphite material production process, calcined coke was used as raw 
material and coal tar as binder, and it is manufactured by kneading, rolling, milling, pressing, 
roasting, impregnating and graphitization, the densification and strengthening of the material 
mainly depend on impregnating asphalt carbonization process, therefore, the structure integrity 
of the materials is poor and multiphase structure appears. 

       

（a）Material A 
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（b）Material B 

Fig. 7 simulation results of voids in different materials 
Based on the internal defect detection method, the volume defects of graphite materials are 
calculated 1V 、 2V …… nV ; 
The porosity of graphite material is calculated: 

V
V......VV 21 nP   

In the formula, V is the volume of graphite material. 
The internal voids of the two materials are statistically analyzed, as shown in figure 8, the 
material A porosity is 0.024%, the material B porosity is 1.487%. 

 
（a）Material A                                                  （b）Material B 

Fig. 8 statistical data of voids in different materials 

6.  Conclusion 
(1) The working characteristics of end face seal of liquid rocket engine are studied, and he 
necessity of measuring porosity of graphite material for end face seal is expounded, and the 
defects of the commonly used methods are also compared; 
(2) Based on the inhomogeneity and anisotropy of graphite material, NDT techniques for 
micron scale X-ray tomography is determined, the influence factors such as power, filter piece 
and integral time are compared and analyzed, then the high-precision measurement of the 
internal defects of graphite materials is achieved. and the highest accuracy is up to 20 microns, 
the test results show that the detection accuracy is accurate and reliable; 
(3) A method for calculating porosity of graphite material based on NDT image processing is 
proposed, and the accurate measurement of total porosity of graphite material is realized. 
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