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Abstract 
Diesel exhaust after treatment system is usually designed to meet stringent packaging constraints and emission norms. 
After treatment packaging has critical impact on the overall system efficiency and durability since many components 
in exhaust systems have welded joints. An after treatment inlet and outlet tube joints, connected to engine outlet and 
Original Equipment Manufacturer (OEM) tailpipe respectively are subjected to vibrations and bending moment 
leading to fatigue failure at the inlet/outlet welded joints. It has been observed over the years that the prevailing failure 
modes in after treatment systems are cracked welds at joints between inlet tubes and flanges, outlet tubes and 
connecting tailpipes. Fatigue failure is a complex and progressive form of local damage which occurs in welded 
components of exhaust after-treatment systems. Thus, this fatigue failure needs to be estimated accurately and at the 
early stage of design to save cost and time. But due to geometrical irregularities, compact packaging design and load 
transfer conditions, it becomes difficult to estimate accurate fatigue strength of the welded areas. Thus weld fatigue 
analysis, a high cycle fatigue test to validate inlet/outlet module of exhaust system against dynamic overturning 
bending moment and to calculate the location of minimum weld fatigue life within the inlet welded joints is 
performed. Weld fatigue analysis uses advanced fatigue assessment technique, BS 7608, Stress x Life (S x N) 
approach for accurate and precise estimation of welds. The present work deals with reducing the package volume of 
the after treatment system by applying different concepts, verifying design robustness by FEA simulation using 
ANSYS 18.2 and validating the structural durability of the system by testing. The objective of the present work is to 
estimate the fatigue life of the welded structures precisely and accurately, calculate the threshold bending moment to 
determine whether the design is robust to the bending moment loads seen over course of its life and make design 
modifications as per simulation result. Further the FEA and testing results of weld fatigue analysis are correlated.  
Keywords: Fatigue Analysis, After-treatment system, Fatigue life, Stress-based approach, packaging design 
1. Introduction 
The diesel engine has the merits of high power output, low fuel consumption and excellent longevity. However, the 
fuel lean combustion also generates significant amount of hazard emissions, such as oxides of nitrogen and particle 
matters, exposure of which increases the risk of respiratory infection, heart problems, premature death and lung 
cancer. 
2. Design Procedure 
Hence regulation on diesel engine emission has become more and more stringent, leading to a large volume of diesel 
aftertreatment catalysts. Catalyst packaging becomes a challenging task for diesel aftertreament system design. The 
criteria for an optimal packaging design are to: (1) fit large catalysts into the limited space of the vehicles, and (2) 
maintain the well utilization of packed catalysts. As emission regulations are getting stringent day by day, it is also 
leading to lighter and compact vehicles. The after treatment system is designed to be mounted either on engine or on 
chassis. Also while designing an after treatment system, it is needed to check the available space according to the 
mounting strategy. As per OEM space claim requirement, different concepts for compact packaging design are 
generated during brain storming sessions with the cross functional team. Using Pugh matrix, one best concept for 
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Table VI. Correlation of simulation and validation 
Weld Location Weld Name Simulation Results Validation Results  

Weld-1 Weld between inlet tube and Marmon 3.17 E+06 2.0  E+06 
Weld-2 Weld between inlet tube and inlet flanges 1.18 E+06 2.0  E+06 
Weld-3 Weld between heat shields at inlet 5.12 E+06 2.0  E+06 
Weld-4 Weld between flanges at inlet 2.87  E+06 2.0  E+06 
Weld-5 Weld between Heat shields 1.2  E+06 2.0  E+06 
Weld-6 Weld between inlet 2nd flange and 2nd heat shield 2.07  E+06 2.0  E+06 
Weld-7 Weld between inlet 2nd flange and outer body 1.64  E+06 2.0  E+06 

 
8. Conclusion 
The down selected concept for compact packaging design of after treatment system shows considerable length 
reduction by 12 % as compared to baseline design. 
The FEA results also states that with 97.8% confidence interval (d=2), all the welds will survive more than 1 million 
life cycles without failure with the design modification in tube length. 
It is also ensured about validation through FEA analysis of welds that the probability of three samples surviving 1.2 
million life cycles during test is 100%. 
 It is also inferred from the fatigue simulation that 333.74 N-m threshold bending moment is to be applied to achieve 
maximum service life of the inlet components. 
The validation results infer that all the three test samples have passed the safe design criteria of 1.2million life cycles 
without any cracks or failure. 
The correlation of Weld fatigue simulation and testing have 2% variation in both the results considering number of life 
cycles. 
Thus as per FEA results and testing, inlet tube design has safe fatigue life (reduced warranty claims) and is structurally 
durable and robust. 
Acknowledgment 
I express my sincere gratitude towards the faculty members. I am also thankful to Cummins India Ltd. for sponsoring 
and supporting in my project. 
References 
Oh, G. (2017). Bending Fatigue Strength and the Effect of Assembling Stress on Fillet Welded Joints of Catalyst 

Muffler Flange Pipes. International Journal of Automotive Engineering, 8(2), 87-94. 
Alexandre, S. F., Camarão, A. F., Fernandes, A. D. O., Bezerra, M. A., Argentino, M. A., & Ripoli, R. R. (2001). A 

Finite Element Approach for Fatigue Analysis of Welded Components (No. 2001-01-4077). SAE Technical 
Paper. 

Apurva, A., & Pande, D. (2014). Mesh Insensitive Structural Stress Approach for Welded Components Modelled 
using Shell Mesh. International Journal of Engineering Research & Technology, 3(11), 1425-1434. 

Wei, Z., Yang, F., & Luo, L. (2012). Fatigue life Assessment of Welded Structures with the Linear Traction Stress 
Analysis Approach. SAE international Journal of Material Manufacturing, 5(1), 183-193. 

Code of practice for Fatigue design and assessment of steel structures, British standard, BS7608, 1993. 
Wei, Z., Hamilton, J., Yang, F., Luo, L., Lin, S., Kang, H., & Dong, P. (2013). Comparison of Verity and Volvo 

Methods for Fatigue Life Assessment of Welded Structures (No. 2013-01-2357). SAE Technical Paper. 
Kyuba, H., & Dong, P. (2005). Equilibrium-equivalent structural stress approach to fatigue analysis of a rectangular 

hollow section joint. International Journal of Fatigue, 27(1), 85-94. 
Kang, H. T., Dong, P., & Hong, J. K. (2007). Fatigue analysis of spot welds using a mesh-insensitive structural stress 

approach. International Journal of fatigue, 29(8), 1546-1553. 
Gao, Y., Chucas, D., Lewis, C., & McGregor, I. J. (2001). Review of CAE fatigue analysis techniques for spot-welded 

high strength steel automotive structures (No. 2001-01-0835). SAE Technical Paper. 
Stocco, D., Vilela, D., & Batalha, G. F. (2009). Spot weld fatigue durability performance evaluation through the use of 

fea (No. 2009-36-0189). SAE Technical Paper. 



mer.ccsenet.org Mechanical Engineering Research Vol. 8, No. 2; 2018 

47 

Zhang, S. (2001). Recent developments in analysis and testing of spot welds (No. 2001-01-0432). SAE Technical 
Paper. 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


