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Fracture analysis for lubricating oil pipe of compressor 
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Abstract: The rupture analysis of lubricating oil pipe has been conducted through chemical composition 
analysis, metallographic analysis and fracture analysis. The analysis results show that there are machining 
defects and bidirectional vibration at the joint of lubricating oil pipe, which leads to fatigue fracture. 

1 Introduction 

In the pressure transmission system, mechanical vibration 
and noise are produced due to the reciprocating nature of 
the compressor working process in the system. Under the 
action of cyclic load, the original defects or manufacturing 
defects of pipelines in the system are prone to fatigue 
fracture failure, which may lead to the leakage of 
transmission materials and pollute the environment, or 
even cause system damage and casualties. Structural 
failure often occurs in industrial production due to 
mechanical vibration [1-6].  

The lubricating oil pipe of compressor in a chemical 

plant has broken after one year of operation. The construct 
material of the oil pipe is ASTM 316L stainless steel, and 
the medium in the pipeline is lubricating oil. In order to 
find out the cause of the fracture of the lubricating oil pipe, 
the failure analysis was carried out in this paper. 

2 Macroscopic examination 

Fracture macroscopic morphology of lubricating oil pipe 
is shown in Fig. 1. Both ends of the oil pipe have the same 
structure, which are conical pipes. The fracture location of 
the lubricating oil pipe occurs within the clamp on one side 
and there is no significant plastic deformation at the 
fracture location. 

 

  

 
Fig 1. Fracture morphology of lubricating oil pipe 

3 Chemical component analysis 

Chemical composition analysis was performed on the 
material of the broken lubricating oil pipe, and the analysis 

results were compared with the requirements of ASTM 
316L material, as shown in Table 1. The results show that 
the material conforms to the requirement of 316L stainless 
steel composition stipulated in ASTM standard, and the 
possibility of fracture caused by wrong material selection 
is excluded. 
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Table1. Comparison of chemical composition analysis results (w%) 

element C Si Mn S P Cr Ni Mo 

measured 
value 

0.019 0.56 1.73 0.010 0.029 17.77 12.87 2.15 

the value in 
ASTM 316L 

standard 
<0.030 <1.00 <2.00 <0.030 <0.045 16.0~18.0 10.0~14.0 2.00~3.00 

4 Fracture analysis 

Overall macroscopic features of the fracture of lubricating 
oil pipe are shown in Fig.2. The external surface 
characters at the location of fracture is shown in the Fig.2a, 
and the origin of the crack is lie in the conical position 
constructed of the lubricating oil pipe. There are deep 
machining grooves in the part of A side, but there is no 

trace of such redundant machining in other parts along the 
circumference direction. The macro morphology of the 
section of fracture is shown in the Fig.2b. It can be seen 
from Fig.2b that both sides of A and B are the initiation 
positions of crack growth, and the cracks propagate 
towards the centers of the section of the oil pipe. The 
direction of arrow in Fig.2b shows the direction of crack 
propagation. 
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Fig 2. Macro morphology of the surface and section of the broken lubricating oil pipe 

The section of fracture of A and B sides was analyzed 
by Scanning Electron Microscopy (SEM), as shown in 
Fig.3 and Fig.4. It can be seen from the Fig.3 and Fig.4 
that there are obvious fatigue striations on the fracture 
surfaces on both sides of A and B, so the broken reason of 
the oil pipe can be judged as fatigue fracture. The length 
of fatigue crack propagation in A side is longer than that 

in B side. With the propagation of fatigue crack, the 
material strength is not enough to bear the pressure and the 
instantaneous fracture occurs finally. Since there are two 
initiation zones in the section of oil pipe, it can be judged 
that there is bidirectional vibration for the oil pipe in the 
process of service. The schematic diagram of fracture 
process simulated is shown in Fig. 5 
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Fig 3. Scanning electron microscopy (SEM) of the fracture on A side 
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Fig 4. Scanning electron microscopy (SEM) of the fracture on B side 
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Fig 5. The schematic diagram of fracture process simulated 

5 Metallographic analysis of materials 

The metallographic structure of the sample taken from the 

fracture location was analyzed. It can be seen from the 
figure that the metallographic structure of the oil pipe was 
normal, which was single-phase austenite structure, as 
shown in Fig. 6. 

 
 

Fig 6. Metallographic structure of lubricating oil pipe 

6 Conclusion and recommendation 

The analysis shows that the failure mode of the lubricating 
oil pipe is fatigue fracture. The conical structure of the 
lubricating oil pipe is over machined, which leads to 
discontinuity of structure and stress concentration at the 
position machined. At the same time, there is the bi-
directional vibration phenomenon at the conical position 
of the oil pipe during operation. Under the action of 
vibration, cracks are firstly initiated at the over machined 
part of the conical position. With the initiation of the crack 

here, the crack also occurs on the opposite side, and then 
the crack gradually expanded, and finally the 
instantaneous fracture occurs. Therefore, the fracture of 
lubricating oil pipe is mainly caused by fatigue under 
machining defects and external vibration conditions.  

It is suggested that the machining quality should be 
improved and measures should be taken to reduce fluid the 
induced vibration of fluid. 
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