
13© Copyright by International OCSCO World Press. All rights reserved. 2019 Research paper 13

of Achievements in Materials
and Manufacturing Engineering

International Scientific Journal 

published monthly by the 

World Academy of Materials 

and Manufacturing Engineering

Volume 94 • Issues 1-2 • May-June 2019DOI: 10.5604/01.3001.0013.5117 

Hardness prediction of a cold rolled 
Nimonic 80A exhaust valve spindle

S.W. Kang a, S.J. Heo b, J.H. Yoo b, J.H. Kang c,*
a Friend Co. LTD, 9, Gwahaksandan-ro 333beon-gil, Busan, 46749, Korea
b Graduate School, Department of Convergence Engineering, Jungwon Univ., 

85, Munmuro, Chungbuk, 28024, Korea
c Department of Aero-Mechanical Engineering, Jungwon Univ., 

85, Munmuro, Chungbuk, 28024, Korea

*  Corresponding e-mail address: jhkang@jwu.ac.kr

ABSTRACT

Purpose: of this paper is to predict the hardness of cold rolled exhausts valve spindle 
fabricated of Nimonic 80A via axisymmetric finite element analysis, compression testing, 
and hardness inspection.

Design/methodology/approach: The stress-strain relationship of Nimonic 80A was 
obtained via compression testing with deformation ratios of 10%, 20%, and 30%. Hardness 
changes caused by the strain hardening effect were measured in cut specimens in both the 
axial and circumferential directions following compression testing. The effective strain at the 
measurement position was calculated via finite element analysis. The regression equation 
for hardness changes caused by work hardening was derived from analysed strain and 
inspected hardness. The cold-rolling deformation of an exhaust valve spindle was analysed 
using axisymmetric finite element analysis.

Findings: The stress-strain relationship calculated from compression testing was well 
expressed using the Holloman equation and the strain-hardness relationship by strain 
hardening was successfully regressed using the shifted power law model for Nimonic 80A, 
Nickel-Chromium based super alloy.

Research limitations/implications: This research focused hardness prediction of 
spindle after ring rolling operation for generating beneficial compressive surface residual 
stresses for enhancing fatigue life. Further research to quantify compressive residual stress 
after rolling shall be followed to increase fatigue life.

Practical implications: The cold rolling process is a typical incremental forming method 
and should be analysed under three-dimensional conditions. However, it takes lots of 
time to solve incremental forming analysis. To predict hardness distribution after rolling in 
the manufacturing field, FE analysis was performed under two-dimensional axisymmetric 
conditions based on the assumption of no friction generated by the rolling tool. The deformed 
shapes and hardness distribution from the inspection quality standard and two-dimensional 
FE analysis showed very similar results. Simplified finite element analysis method for ring 
rolling process for local area could be very effective method in the industrial field.

Originality/value: The stress-strain relationship and the hardness and strain relationship 
were derived by compression test and hardness measurement for compressed specimen 
for Nimonic 80A, Nickel-Chromium based super alloy. And simplified finite element analysis 
method was suggested to predict deformed shape and hardness distribution of locally cold
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rolled region and achieved similar result between FE analysis result and Quality standard. 
Suggested method would be very effective method to engine spindle manufacture to predict 
hardness of different size of product.
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3. Rolling analysis
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4.  Conclusions
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