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PREFACE

The AUARD Structures and Materials Panel has had a long and active interest in
researching subjects that are of a critica l nature and of commen Interes t to the NATO
community . in keeping with thIs tradition , the Pane l , in the Spring of 1971 deemed it
hIghly adv i sable to Initiate speci fic actIvities in the area of lo~, cycle high
tempera ture fatigue (LCHTF).

At the Fall 1972 S&M Panel Meeting , Mr. Orapler , who was charged by AGARD wi t h
the coord i nation of the various actIvities on this subject, submitted a document
entitled “Ad Hoc Group on Low Cycle High Temperature Fat i gue - Status Report” (A GARD
R-60’.), which rev i ewed the LCHTF work being carried out by the NATO nation
laboratories interested in this problem. In the fall of 1973, Mr. Drap ler presented to
the S&M Pane l his in-depth report entitled “Survey of Activities in the Field of Low

• Cycle High Teiiperature Fatigue ”. This document was published as AGARD R-618 in
February 197’..

• Through the continuin g efforts of Mr. Drapier , supported by this Panel , AGARD has
published a volume containing the papers presented at the Specialists ’ Meeting on Low
Cycle High Temperature Fat i gue (AGARD CP 155) held in April 107’.. At this meeting ,
experts were invited to provide replies to a number of questions raised by the
organizers; each subject was introduced by a paper, the purpose of which was to survey
the problem areas associated with that subject and to orient and focus the subsequent
discussion.

One of the conclusions of the above noted Specialists ’ Meeting was the
recognition of the need for reliable life prediction methods that are applicable to
LCHTF gas turb i ne components. it was in the spring of 1975 that Mr. Itirschberg
presented a pilot paper suggesting a cooperative testing program aimed at evaluating
the abilit y of the Strainrange Partitioning Method to predict life in the
creep-fatigue range . Messrs tiirschbarg and Orapier were designated coordinators for
this prograil. The laboratories surveyed in AGARO R-618 were then invited to
partIcipate. Ilintoen l aboratories in five countries chose to participate , eac h
testing Its own materials of Interest under Its own l aboratory conditions so that the
results obtained would prov i de validation for a wide range of materials ~.nd insure
maximum usefulness to each of the part ici p ating laboratories. The culmin stion of this
evaluation prograi.1 was the Specialists ’ meeting which brought together these
i nvestigators for the purpose of sharing their laboratory testing experiences ,
permittin g an in—depth evaluation of the Strainran ge Partitioning method, and
providing .,iaximu,n exposure to the findings and recommendations of this distinguished
body of specialists ,

This Technical Evaluation Report of the Spe cialists ’ Ueeting analyzes the present
state of understandin g of the method of Strainrange Partitioning for analysis and
predict Ion of low-cycle high-temperature fatigue life. Recommendations for future
activities which would be appropriate and valuable in this expanding area of life
prediction are also inc l uded , Together with the Conference Proceedings , AGARD CP-2k3
published in August 1978, it represents a major contribution to this technology which
is of vital concern to the NATO nations .

George C. Deutsch
Cha i rman, Sub-Committee on
High Temperature Materials S
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COOPF.RA TIVE TESTING PI100I1AMMt ON STIiAINI1ANGE
PA R TITI ON I N G

EVALUATION REPORT
by

J.M .DRAPIER Marvin II.HIHSCHREHG

Fabrique Nationa l . Herstal NASA Lewis Research Center
Forsétal Division Cleve land , Ohio , USA
‘.400 H.rstal Belgium (U.S. Coord inator )
(European Coord inator)

1. BAC KGROUND

The AGARI) Structures and M .t.rial. Panel has had a long and act iv , interest in
researching subjects that are of a c r i t i c a l  nature and of conmion interest to the NATO
community. In keep ing with this tradit ion , the Panel , in the Spring of 197 1 deemed it
advisable to init iate specific activities in the area of low cyc le high temperatur. fatigue
(LCHTF).

Thi. resulted in an AGARD publication (1) reviewing the L.CHTF work being carried out
by the laborator ies in the various nations intere sted in this problem.

Through the continuing efforts supported by this Panel , AGA I1D published the pro-
ceeding. of a Sp.ciali.t’s Meeting on LCHTF (2). One of the conclus ions of this conference
wa, the recognition of the need for more reliable life predict ion methods that are appli-
cabl, to LCHTF of gas turbine component .. As a result , arid following a suggestion made by
Mr. H.HIRSCHBERG in the spring of 1975 , The Structures and Materials Panel decided to
support the cooperative evaluation programme we are reviewing in this report.

2. PROGRAMME OBJECTIVES

The basic object ive of the cooperative programme was to evaluate the ab i lit y of the
Strains-ang e Partitioning (51W) method to first correlate the creep-fatigue behavior of gas
turbine materials , and then to predict the creep-fatigue lives of laboratory specimen.
subjec t ed to complex cycling conditions.

The programme , by Its very nature , would provide a reference body of htgh tempera-
ture cr.ep-fatI~ ue data that would enable future use by researchers i n  the evaluation of
SlIP or other I CHTF pred ictive techni ques.

It was also suggested at the beginning of this programme that each of the part ici-
• pants generate and record any additional creep-fatigue data tha t would permit them t o  make

a direct comparison between SlIP and any other life predict ion method that they are curren-
tly using or are interested i n  themselves developing.

3. SURVEY OF THE PROGRAMME ORGAN IZATI ON

3.1. Following Invitation, made to the laho ra torte s previou sly surveyed (I) , It’
laboratories in S countries (7 U.S. S U.K ., 2 French , * German and I Italian ) agreed to
part icipate ir the programme.

3 .2 . One important aspect of’ this agreement was that each part ici pant t e S t  its own
S - materials of interest under its own laboratory conditions so that the results generated

would provide validation for a wide range of m ateria ls ~nd would insure maxim~im usefulness
to eac h of the participating Laboratories.

3.3. rhe materials tested included a number of cast , wrought and p/N nickel-base
superalloy s , titanium and copper-base al loys as wel l  as stee ls. Most of them are iced or
are intended for use in gas turbine components , suc h as blades and d iscs , for at , - ra f t  ,‘r
land-based applications.

P 3.4. The programme starting in the fall of 19” was organited and conducted hi
these authors , coordinati ng the ac t i v i t i e s  among the U.S . and the European partic ipa n ts
respectively.

3.5. The culmination of th~ a programme was t he Spec ia l i s t’ s Meet ing d isc ussed
herein which brought together the various investigators with the objective of sharing th ei r
findings to pursue an in-depth evaluation of the SlIP method.

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



3,6. O~e important , and probably decisive , tool used by the coordinator. to gu.-
rsntee the success of thi s activit y was the organization of i,,terim programme review
meetings. these meet ing s provided the opportunit y to the inv est igators for c r i t i t a l
tin-depth interchanges of idea., concerns , testin g technique. , as well as the evaluation of
test results. S

Three sepa rate interim meet in~~ were held in the U.S as well as in Europe , Mr. N.H.
HlR St’HIIEI1G, one of the developers of the SlIP method , attended all of’ these meet tugs.

4 . RFSUI 1’S OF THE PROG RAMME

In order to evaluate the results of the cooperative programme, it must he kept iii mind that
its main ob iective , recalled in Section 2, c,,i reapon~ to the li t -a t , very necessary step in
the evaluation of a life prediction &pproach~ *he evalua t ion of the ab iLi ty of thj5 method
to pred ict the life of specimens subjec t ed to comp lex loading from specimen data ot’tain.’d
from simple tests . One could hope to obtain reliable life predictions for engine coinponeiti
if is not possible to reliably pre dict first the lives of well c,,,,t rolled laboratory
specimens

~* .1 . Data tabulation All of the date collected from the participa ting lsbor~ to-
riPs were tabulated In a common forma t and appear in the A ppendix to the Proceedings of
the Specia list ’s Meeting tIt . In addition to the creep-fatigue test condit ions and data ,
there arc also included chemical compositions , mater ial processing and heat-treatment , end
the conventiona l mechanical properties for each of the alloys tested.

In this form , these tabulations represent an extremely valuable body of data cove-
ring a variety of engineering alloys so that future ~na lvsis and interpretations can be
made with a minimum of effort and a maximum of rel iabil it y .

4.2. Evalu .tton of the 51W method Such an evaluation could he made t v  answering to
the following questions a Does the SlIP method work in correlating , and possibly
extrapolating , LCHVF data generated on laboratory specimens

a How does the SlIP method compare to other techniques
a Wha t are its specific advantages or disadvantages ?
a Are there important gaps at this point in our understanding

of thi s approach ?

rri’ing to answer these questions , the following comments can he made

-~~~ . Through the variou, paper presented , and the d i scuss ions  held at the Conference,
• the general consensus of the investigators involved in the programme appears to be posit ive

and in agreement that the SlIP method i s a s ignif icant  s tep forward in LCHTF life pred ic t ion.

Accordingly, designers of eng i ne components express their inte4t to continue to work
with the SlIP method for the purpose of predicting the initiation phasâ. of creep-fatigue
crack n

-b. Wh ite the application of the ducti li t y criterion requires more e~~t~~ns t v e  valida-
• tion , the use of the present ductility-normalized (ON ) SlIP relationshi ps appears to b~ a
• good realistic way to predict creep-fatigue life relationship s in the absence of cyclic

data.

-c. A single method such as SlIP is not expected to app tv over every set of circum-
Stances involvi ng variables such as material , temperature range , environment and other

• testing conditions which can give rise to different failure mechanisms. In this respect .
it is made clear that the SlIP method, in its present form , is only intended for use under
crack initiat i on condition s .

Ac regards the nickel-base superailove . or more generally mater ials which may have
a very tow fractur, toughness , It becomes very important to separate crack initiation and
propagation phases from each other .

-d. The numerous data generated in thi s programme cte~ rly show that, for nickel—has,
superallovs , the us-SlIP basic life relationships , PP. PC, (‘P and CC , lie very close toge-
ther . in some cacca colt~~Mng into one linø , closer than for ma terials such as stainless

• steels and low alloy cteeI~ which were mainly investigated tip to mow.

-e. Despite th i s particular behaviour of the investigated nickel-base auperalloys
during I HTE t es t i ng , the~~misef’ n, lness ,if SlIP in es tab l is h ing  hounds of l i fe  is stated to be
s t i l l  v ain d.

On the other hand , the use 01’ SlIP appears not to require any more prior information
(and in some instances much less)than other predi ctive mcthodq .

From the re~ ut t c  pt-esented at the Confere nce , i t  w as not po~~a n h l~ to  t dpnt ifv  cmiv
advantagmi or improvement iii (if. predictions in using ~ lt e rn~i ti v e  p red i c t i v e  methods such
as t he simple stress correlation or a continuous damage accumulation approach.

-f. Some problems arise when applying the SlIP method to cases involving small



—•

r
in.lsstic strains and long lives. In particular , partitioni ng of the corresponding narrow
hysteresis loops is reported as being a concern . The major problem i s  amply one of not
being able to accurately i den t i f y  the exact magnitude of the inelastic stra inrange as well
as the creep strain present in the hysteresi s loop . However , t h is is a problem with some
of the other approaches as welt.

-g. The SliP method , iii at. present form , appears to require some modification in
order to handle mean stress effects. Tentatively, it was proposed that , due to the very
close SlIP lines for the nickel-base superalloys , a mean stress effect could give rise to
an apparent inversion of life relationships.

-h. Attempts are also reported to correlate the types of cycling and the modes of
cracking.

Generally, PP and PC test. give rise to transgranular cracking only, whereas CP
cracking was almost entirely intergranular and CC cracking was mixed. However, further
investigations appear to be required in order to substantiate these correlation. as we l l
as to clarify the enviromental effects.

S. CONCLUSIONS AND RECOMMENDATIONS

5.1. From the answer, to the questions posed in the previous Section , i t  cal’ be
concluded that the cooperative evaluation progranane has succeeded in achieving its tasks.

5.2. The results of this programme allow us also to identify some topics wh icl , could
be addressed to the Panel for possible future activities in the field of LCHTF

-a. There is a general interest in the i nfluence of mean stress on low cycle fatigue
behaviour , and some critical experiments would be valuable i n  this area. A systematic
study would certainly be required to separate the effects of strain type and mean stress ,
and so expand the app l icabilit y of the SlIP method.

-b. Difficulties associated with the partitionim ig of narrow hysteresis loops
involving small inelastic strains and long lives should be resolved. The proponents of the
SliP me thod are attempting to overcome this difficulty by formulating the method in terms of
total strains rather than the itielastic strains. it is however , recognized that the data
base required to develop this modified formulation of SlIP i. presently lacking .

-c. L~oking at the predictive nature of the SliP method , attemps to generate extra-
polation data for superalloys , as it has already been made for low alloy
steels ens stainless steels , would certainl y he valuable.

-0. Further investigations would aleo be required in order to increase the under.-
tending of the correlations existing between the modes of cracking and the types of cycl ing

• including the environmental effects.

5.3. Finall y , from a more general view—point and returning to the programme survey
g i ven i n sec t i on  3, these authors feel tha t this activity could serve as a reference to
the Panel for the organization and fulfillment of’ future similar cooperative actions
involving a number of partners among the various NATO nations.

6. ACKNOWLEDGEMENTS
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APPENDIX Al

The contents of this appendix are some additional tabulations

of Creep-Fatigue test data that were col l ected after the publication

of A ’ARD-CP-ZleI. The Chemical Compositions, Process ing & h eat Treatment

information , and the flechanical Properties data appropriate to these

additional data can be found in Tables I , ii , and Ii i  of Appendix Al

In AGARD-CP—21e3 .

ERRATA

AGARD Conference Proceedings No 24 3, page 16—14

In Table 3, th. axial components of strain only must be multiplied
by two to be correct. The torsional components of strain are
correct as reported.

These changes affect the entries in columns 3, 4, 5, 7 and 10
only for specimens numbers A-7, A—B , A-9, A-12, A-l3, A—14,
A—l5, N—l, N—5, N—9, N—2, N—6 and N—l0.

The axial and biaxial data (R— 0,2) plotted in Figs. 9, 10, 11 and
12 are also affect.d, as are the constants in equations 16 and 17.

Questions of clarification should be addressed to the
author, Professor S.Y. Zamrik.
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