


The Rainflow Method in Fatigue 



This page intentionally left blank



The Rainflow Method 
in Fatigue 

The Tatsuo Endo Memorial Volume 

The papers presented at The International Symposium on 

FATIGUE DAMAGE MEASUREMENT AND EVALUATION 

UNDER COMPLEX LOADINGS 

in memory of Prof. Tatsuo Endo, the inventor of the rainflow method 

Fukuoka,Japan 

July 25-26 1991 

(Supported by ONO SOKKI Co. Ltd.) 

Y. Murakami, editor 

U T T E R W O R T H 
E 1 N E M A N N 



Butterworth-Heinemann Ltd 
Linacre House, Jordan Hill, Oxford OX2 8DP 

*S P A RT 0 F R E E D INTERNATIONAL BOOKS 

OXFORD LONDON BOSTON 

MUNICH NEW DELHI SINGAPORE SYDNEY 

TOKYO TORONTO WELLINGTON 

First published 1992 

© Butterworth-Heinemann Ltd 1992 

All rights reserved. No part of this publication 
may be reproduced in any material form (including 
photocopying or storing in any medium by electronic 
means and whether or not transiently or incidentally 
to some other use of this publication) without the 
written permission of the copyright holder except in 
accordance with the provisions of the Copyright, 
Designs and Patents Act 1988 or under the terms of a 
licence issued by the Copyright Licensing Agency Ltd, 
90 Tottenham Court Road, London, England W1P 9HE. 
Applications for the copyright holder's written permission 
to reproduce any part of this publication should be addressed 
to the publishers. 

British Library Cataloguing in Publication Data 
A catalogue record for this book is available 
from the British Library 

Library of Congress Cataloguing in Publication Data 
A catalogue record for this book is available 
from the Library of Congress 

ISBN 0 7506 0504 9 

Printed and bound in Great Britain. 



Contents 
A brief personal history of Tatsuo Endo ix 

Dedication x 

Prof. JoDean Morrow's Message to Symposium Participants xi 

Prof. Tatsuo Endo's original papers presented at JSME meeting 

during 1967-1968 xii 
List of contributors xxv 

List of supporting company, symposium chairman, panel discussion organizer and 
session chairmen xxx 

I. Cycle Counting Method: Concept, Software and Load History 

Reconstruction 

Rainflow cycle counting : A historical perspective 
Darrell Socie 3 

Algorithm of the rainflow method 
Hiroyuki Anzai -11 

Rainflow cycles in random loads 
IgorRychlik 21 

Multiaxial rainflow : A consequent continuation of Professor Tatsuo Endo's 
work 

A. Beste, K. DreBler, H. Kotzle, W. Kruger, B. Maier 
and J. Petersen 31 

Rainflow and ordered overall range cycle counting 
Drew V. Nelson 41 

Some comments on methods of reducing and reconstructing irregular fatigue 
loading histories 

N. E. Dowling, S. Thangjitham, C. Leser and J. W. Fash 51 

Recent topics on the effective random peak method 
TatsuhikoYoshimura and Shigeto Kano 61 

Rainflow applications in accelerated cumulative fatigue analysis 
R. Sunder 67 

Stress waveform analyzer : Application of the rainflow method 
Toshishige Maeda, Hachiro Imaizumi and Hideo Suzuki 77 

v 



II. Ground Vehicles 

Field data acquisition system by "rainflow method" and fatigue life estimation of 
automobile 

Masao Takahara 87 

Application of Modal Analysis to the Development of vehicle fatigue strength 
Nobuyuki Yonehara, Yutaka Kagaya and Hajime Yamashita 94 

Improving the fatigue strength of welded joints by shotpeening 
Satoshi Hiyoshi, Hiroji Iwasa and Kyosuke Hamada 102 

A fatigue design system combined with FEM Analysis for welded structure of 
construction machines 

T. Mizoguchi, O. Ohtani and A. Kiuchi 112 

III. Fatigue Testing and Analysis 

Analysis of the cyclic stress-strain response in variable amplitude loading using the 
rain-flow method 

J. Pokik and A. Vasek 123 

The effective stress range as a fatigue damage parameter 
D. L. DuQuesnay, T. H. Topper, M. A. Pompetzk 
and R. Jurcevic 132 

Crack closure measurements under spectrum loading 
R.Galatolo 142 

Direct observation and micromechanism of fatigue crack growth under varying 
amplitude loadings 

Masahiro Jono 151 

Static and fatigue biaxial testing of fiber composites using thin walled tubular 
specimens 

C. Bathias, D. Lai and T. Soemardi 161 

Fatigue behaviour under uniaxial and multiaxial service load 
H. Zenner, J. Liu and C. Sanetra 170 

IV. Panel Discussion 
Total System of Fatigue Damage Measurement and Evaluation 
under Complex Loadings: Case Studies, Theories and Designs 

On the application of the rainflow count method at the SAAB Aircraft Division 
LarsJarfall 185 

Overview of the application of fatigue damage measurement to automobile body 
development 

Megumu Oshima 194 

Fatigue design methods for ground vehicle structures 
Ronald W. Landgraf 200 

vi 



A method for fatigue design evaluation of complex structures using multiple FEM 
load case analysis and service occurrence estimates 

Daniel L. Morrow 208 

Summary of panel discussion: Fatigue design and experiment in vehicle 
development - It's current status and future direction 

Darrell Socie and Gail Leese 216 

vn 



Tatsuo Endo 
1925-1989 

Vlll 



A brief personal history of Tatsuo Endo 

Birth: April 1, 1925 in Fukuoka, Japan 
B.S., 1947: Kyushu University, Department of Mechanical Engineering 
1947-1952: The special graduate research course of the first and second 
period, (corresponds to present PhD course), Kyushu University 
1952: Assistant Professor, Kyushu University 
1953: Assistant Professor, Kyushu Institute of Technology 
1956: Associate Professor, Kyushu Institute of Technology 
1964-1966: Visiting Professor at University of Illinois 
1974: Professor, Kyushu Institute of Technology 
1988: Professor, Kyushu Sangyo University 
Died: July 5, 1989 
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Dedication 
Professor Tatsuo Endo was born on the 1st April 1925 as the second son of an 
owner of a modern farm. The youngest of eight, with six sisters, he grew up in a 
very loving atmosphere. It might be this happy childhood that formed his friendly 
personality which lasted throughout his lifetime. 

He married Shigeko in 1952. It became Shigeko's task to guard his health against 
overwork. This was never an easy job as he was particularly devoted to educating 
his students and helping his colleagues and friends. 

Most of his academic life was spent at the Kyushu Institute of Technology. It was 
there where he developed the idea of the Rainflow Method after visiting the 
University of Illinois for a year and a half. In 1988 he retired from the Institute and 
he passed away suddenly on the fifth of July 1989. 

Six months before his death, I received two letters from him. He wrote about his 
retirement, stating "My second life has started now!" and "Youth is not a time of 
life; it is a state of mind". Clearly he was looking forward to a rest after all his hard 
work with his students and colleagues, although the second statement seems to 
suggest that he knew there was not much time left for him. Even in retirement, he 
was asked to teach at a private university and did not obtain the peace he had been 
looking for. I believe he is now enjoying a second life in heaven and is watching us 
all scurrying around with his characteristic smile. 

In addition to his great intellect, the warmth and generosity of Professor Endo were 
remarkable. During my seven years as associate professor with him, I often heard 
students say "Endo is a buddha!". The opinions of his peers were no less 
praiseworthy; there is no better example than Professor JoDean Morrow, Emeritus 
Professor of Technical and Applied Mechanics, University of Illinois who described 
Tatsuo Endo in 1981 as "an angel"! 

Ideas and problems arising from the work of Professor Tatsuo Endo were 
energetically examined and discussed at this symposium. The symposium would 
not have been possible without the financial support of the ONO SOKKI 
Corporation, spiritual support of the University of Illinois group and the technical 
support of the Committee for Fatigue Reliability of the Society of Automotive 
Engineers of Japan. 

It is a fitting tribute to the work of Professor Tatsuo Endo that the participants have 
reconfirmed the importance of the Rainflow Method, and are now looking to extend 
and develop his work. 

Yukitaka Murakami 
Symposium Chairman 
Kyushu University 
Japan. 
25/9/91 
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TO: Participants in the International Symposium on 
Fatigue Damage Measurement and Evaluation under 
Complex Loadings 

FROM: JoDean Morrow, Emeritus Prof, of Theoretical and 
Applied Mechanics, University of Illinois, U.S.A. 

DATE: July 15, 1991 

It is fitting that this Symposium be held in memory of Professor Tatsuo Endo, inventor of th 
rainflow method of counting fatigue cycles. His contributions were key to the development 
of an overall method for evaluating the service life of engineering components subjected to 
fatigue loading. Such methods of fatigue life prediction employing Endo's rainflow cycle 
counting techniques are widely used today throughout the world. To serve the needs of 
industry in the area of fatigue analysis, new commercial products and even several new 
companies have emerged. 

All of you have been enlightened, challenged and have benefited from Professor Endo's 
research. Some of us had the pleasure of knowing him personally. We knew him to be a 
quiet and modest man who dedicated himself to solving important engineering problems 
through hard work and original thought. 

I'm sure that if Professor Endo were with you at this Symposium, he would patiently try to 
convince you that his contributions were modest. In reality, he is acknowledged, world wid( 
as a major contributor to our understanding of how to count cycles for variable histories of 
loading. What could be more basic than learning to count correctly? 

Congratulations to the organizers, participants, and sponsors of this important and timely 
Symposium and best wishes to Professor Endo's family and colleagues. 

Sincerely, 

< ^ A / U * A * ^ 
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