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SUMMARY ORIGINAL PAFGIEmIS

OF POOR QU

Twenty laboratories In six countries participated In this program, each testing
its own materials of Interest under its own laboratory conditlons. In thls way the
results obtained provided validation of the Strainrange Partitioning (SRP) method for a
wide range of materlals and Insured maximum usefulness to each of the participating
laboratories., The flrst, very necessary step In the evaluatlion of any life prediction
approach - assessing the ablllity of the method to predict 1ife of simple )aboratory
specimens subjected to complex loading, was thereby taken. The culmination of this
program was the Speclallsts Meeting that was held In Aalborg, Denmark In April of 1978,
At that meeting the various Investigators shared thelr findings, thus providing the
basis for an In-depth evaluation of the SRP method. While the results were varlable
from laboratory to laboratory, most investigators agreed that the SRP method was a
significant step toward 1ife prediction In the presence of high temperature and cyclic
stresses,

INTRODUCT ION

Since advanced turbline engine materials for military appllications are being used
to a high fraction of thelr ultimate capabllitles, there Is a great need for more
meaningful high temperature mechanical property tests on these materials as well as for
Improved analytical techniques for predicting thelr service 1ife. One particularly
vexing problem has been the difflculty In describing and predicting the behavior of
materials subected to the high temperatures and the loadlng condlitions, such as creep-
fatigue Interactlons, encountered In engine component service, The panel, has made an
attempt to address this problem by supporting a cooperative prograwi aimed at the
evaluation of the Stralnrange Partitionling (SRP) approach for the analysis and
prediction of low-cycle high temperature fatigue 1ife. This approach involves an
entlrely different way of dealing with creep-fatigue Interaction than considered
heretofore and Is a product of the high temperature fatigue research conducted at the
MASA Lewls Research Center,

WHAT IS SRP?

Since the early 13950's, a variety of materials characterization and 1ife
prediction techniques have bzen developed to fulfill the Immedlate needs of desligners
and bullders of high-performance, energy-conversion equipment that must operate
reliably for long perlods of time at i!zn temperd>tures. Although most of the approaches
offered some unlque advantage, they all had deficlencies of one sort or another. Also,
since the early 1950's a lzrge quantlity of high temperature, low-cycle fatigue data has
been generated on a host of alloys. In many Instances these data were determined to
answer a single speciflc quesilon relative to a particulcr design requirement, and
iittle regard was given to the generation of data that would hove yoneral applicabllity
to future problems. As a consequence, the designer is faced with a cholce of 1ife
prediction technlques and a vast quantity of diverse, sometimes contraZicicry, and
often inappropriate low-cycle fatigue test data.

it was out of this environment that the SRP approach was formulated In 1971
(ref. 1). In the Intervening years we have developed considerable Insight Into Its
capablilities and recognize the technologlcal Impact the approach offers In the design
of components that must resist fallure due to the interaction of high temperature creep
and fatligue, The primary advantage of SRP rests on Its high degree of generality.
Relatively few test data are necessary to characterize a material In terms of SRP, and
the results are appllcable to complex straln cycles. Not only Is the approach a general
and fundamental one, but It also appears to offer better accuracy than other avallable
methods In predicting 11fe than has been possible heretrrore (ref. 2),
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REVIEW OF SRP CONCEPTS

The Lewlis Research Center has long been Involved In the development of thecrles
and approaches for dealing with low-cycle fatigue behavior of materlals. A most !
Important transition from a stress approach to a straln approach occurred with the
formulation of the Manson-Coffin law (ref. 3). We then went to the total straln
approach with the Incluslion of the elastic portion of the total stralnrange (ref. 4).
The Manson-Hlrschberg method of unlversal slopes was then developed (ref. 5), which
made It possible to estimate total stralnrange versus |Ife behavlor from conventlonal
short-time tensile properties. It was, of course, recognlzed that these approaches were i
all limited ¢y temperatures below the creep 1Imit. Our flrst attempts to account for
creep effects were the 10 percent rule (ref. 6) and the creep-modifled 10 percent rule

(ref. 7). Tnese technlques represented most of the avallable high temperature test data

well, but they were not sufficlently conservative for cases Involving long ho!d times ?
or where large creep stralns could be accumulated. An attempt to remedy thls was made " !
with the 11fe fraction approach (ref. 8). Unfortunately, that method Involves extenslve \

enalytical procedures and was unable to exp'aln some of the experlimental observatlons

regarding the damaging effects of compressive stress. The next step was the |
formulation of the SRP .iethod which holds promise for overcoming defliclencles In i
previous methods. !

The baslic premise for SRP Is that In any hysteresls loop there are combinatlons of
just two dlirections of stralning and two gfypas of Inelastic straln. ihe two directlons e
are, of course, tenslon (assoclated with a positive inelastic straln rate) and I
compression (assoclated with a negative Inelastic straln rate); the two types of :
Inelastic straln are time dependent (creep) and time Independent (plastic). By
combining the two directlions with the two types of straln, we arrive at four possible [
kinds of stralnranges that may be used as baslc bullding blocks for any .oncelvable
hysteresls loop. These define the manner In which a tenslle component of strain Is
balanced by a compressive component to close a hysteresls loop. What was next
proposed, was that the Manson-Coffin relat!onship (which represents the Inelastic
stralnrange versus life behav'or for materlals below the creep 1imit) be expanded to
four relatlonships for dealing with materlals above the creep limlt.

Once these relatlonships have been generated for a materlial, there remains the |
question of how to to apply tiuem to a mora complex loading problem In order to predict ¢
l1fe. This Is accompllished In two parts. First, the hysteresls loop for the cycle being
analyzed must be partitioned Into Its Inelastic components. Second, a damage rule,
which we have developed and termed the Interactlon damage rule, Is applled In order to !
predict the 1ife assoclated with the combinatlon of aprlled stralnranges. |

It Is this total process of generating the indlvidual fallure 11fe relatlionshlips,
partitioning a hysteresls loop Into Its component stralnranges, and combining the
effects of thesc components to determine 1I1fe, that we have called the SRP method.
References 5-21 contaln descriptions of all the varlous aspects of SRP as well as
several examples of the abllity of the method to correlate and predict the fatligue life
of specimens subjected to complex loading conditlons.

THE COOPERATIVE EVALUATION PRCGRAM FOR SRP

Background

The AGARD Structures and Materlals Panel has had a iong and actlve Interest In
researching subjects that are of a critical nature and of common Interest to the NATO
community. In keeping with this tradition, the Panel, In the Spring of 1971 deemed It
highly advisable to Inltlate speciflc actlvities In the area of low cycle high
temperature fatigue (LCHTF).

At the Fall 1972 SAM Pane! Meeting, Mr. Drapler, who was charged by ASARD with the
Foordlnatlon of the varlous activitlies on thls subject, submitted a document entitled
'Ad Hoc Group on Low Cycle High Temperature Fatlgue - Status Report" (ref. 22), which
reviewed the LCHTF work belng carrled out by the laboratorles In the various NATO
naticns Interested In thls problem. In the fall of 1973, Mr. Drapler presented to the
S&8M Panel his In-depth report entitled "Survey of Actlvities In the Flald of Low Cycle
High Temperature Fatlgue" (ref. 23;.

Through the continuing efforts of Mr. Drapler, supported by thls Panel, AGARD has %
published a volume contalning the papers presented at the Speclallsts Meeting on Low
Cycle Hlgh Temperature Fatlgue (ref. 24) held In Washington D.C, In Aprll of 1974, At
this meeting, experts were Invited to provide replies to a number of questions ralsed
by the organizers; each subject was Introduced by a paper, the purpose of which was to
survey the problem areas assoclated with that subject and to orlent and focus the
subsequent dlscusslon.




One of the concluslons of the above noted Speclalists Meeting was the recognitlion
of the need for more rellable 1!fe prediction methods that are applicable to LCHTF gas
turbline conponents, It was In the spring of 1975 that this author presented an Invited
pllot paper to the AGARD Working Group on High Temperature Materlals, suggesting a
cooperative program almed at evaluating the abl) ity of the SRP method to predlict 1lfe
In the creep=fatigue range, This program was approved by the SAM Panel and Messrs
Mirschberg and Drapler were destgnated program coordinators, The laboratorles surveyed
(ref, 23) were then contacted by the coordinators and Invited to particlpate in the
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Twenty laboratorles In six countrles participated In this program, each testing
Its own materlals of Interest under Its own laboratory conditlons so that that the
results obtalned would provide valldatlon for a wide range of materlals and would
Insure maxlmum usefulness to each of the participating laboratorles, In using a common
set of definltions, data sheets, and format for Gata presentaticen, It was also possible
to collect and tabulate the varlous sets of data and present them as a single body of
high temperature creep-fatigue data. The objective here, was to produce a reference
body of data easlly usable by any other Investigator, What we have taken here, was the
flest, very necessary step In the evaluatlon of a llfe prediction approach = the
evaluation of the ablllity of this method to predlct the life of specimens subjected to
complex loading from specimen data obtalned from simple tests. One could not hope to
obtaln rellable 1lfe predictions for englne components If 1{ were not possible to
rellably predict the llves of well controlled laboratory specimens. The culminatlion of
this program was a Speclallsts Meeting held In Aprl) of 1978, that brought together the
Investlgators with the objective of sharing thelr laboratory testing experiences to
permlt an In-depth evaluation of the SRP method, and provide maximum exposure to the
flndlngs and recommendatlions of a dlstingulshed body of speclallsts,

Program Organlzatlon

The program was organlzed and conducted by the twoe coordinators appolinted by
AGARD, Mr, Drapler acted as the focal polnt for coordinating the activities among the
turopean particlpants and this acthor had the equlvalent responsibllites for the U.S,
participants, In the Inltlal phase of thls actlivity, Mr, Drapler had the
responsiblility of surveylng numerous laboratorles In the NATO community to determine
thelr Interest In particlipating. M, Drapler was In an excellent positlion to make this
survey slnce he had previously made another survey In thls area (ref. 2%), Once the
Interested laboratorlies had been determined, a NASA report (ref. 25) was sent to each
describling In detal)l what SRP was, how SRP tests could be run, and suggest!ing numerous
aspects of TRP that needed broader verlflcatlon, This report was translated Into both
French and German and made avallable to those selected laboratorles as well, Sufficlent
time was glvan for the review of this revort and those laboratorles which Inltlally
expressed Interest were agaln surveved to finally establlish whether or not they wlshed
to participate In the program, Once this was determined, the coordinators then
constructed a tinetable for the program, that Included such ltems as Interim program
review meetings (described In Minl=Symposla sectlon), dates for completion of the
texting portlon of the program as well as for the wrltten flnal report, and the flna)
Speclallists Meaeting, The coordinators were also responsible for arrangling the
Speclallsts Meeilng and assembling the final AGARD Report contalning the papers and
discusslons held at thls meetIng.

rrogram Partlclipants

Table | Vlists the principal particinants 'n thils program along with thelr
organlzatlions, There weare of course many other parsons Involyved In the Individual
testing programs as well as those that contributed to the success of the Speclallsts
MeetIng, These names and organlzatlons are rfar too numerous to 1lst here, Most of these
nersons can, however, be ldentlifled In the AGARD publlication of the .roceedings of the
meeting (ref, 26),

Prog am Data Generatlon and Collectlion

In order to be able to easlly construct a set of tables describing all the data
generated In the evaluatlon program, 1t was necessary to flrst agree upon common
definltlons and terms, as well as data sheets that all the parclcipants could use, The
Jdata sheets were used for reporting all the fatlgue data, as well as background
Information Jdefining the materlals used In the Invest!igations, This Informatlon
Included chemlcal composlition, materlal processing and heat treatment, and the
conventlonal mechanlical properties for each of the alloys tested, These data sheel
were used to ensure that pertinent Infomatlon was reported In a conslstent manner,
One of the sample data sheets Is shown In Table 11, Coples of all the data sheels were
sent to the NASA lewls Research Center where Mr, J . F, Saltsman transcribed the
Information to a computerlzed format for ease of storage, analysis, and retrieval,
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Minl=Symposla

One of the prlne reasons for the success of thils activity was the Interactlion
afforded the Investigators from the minl-symposia. They provided the opportunity for
critical In-depth Interchanges of ldeas, concerns, testing techniques, as well as the
evaluation of test results that were a beneflt to all the partliclipants.

in order to assure maximum particlipation In these symposla, separate meetings were
held In the U.S. and In Europe. Durlng the course of the evaluation program, Mr,
Drapler arranged three meetiIngs for the ELuropean particlipating laboratories, They were
held at the Natlonal Physical Laboratory In England, the Center for Metallurglcal
Research in Relglum, and the Natlonal Gas Turbline Establishment In England. This suthor
arranged three simllar meetings for the U.S, participating laboratorles. Two such
meetings were he!d at the NASA Lewls Research Center end one at the Alr Force Materlals
Laboratory. Thls author was the only one who attended all six sympos!a and was thereby
able to keep the laboratories on both sldes of the Atlantic Informed and up to date
regarding all aspects of the SRP evaluatlion proaram, In additlion to reports presented
orally by this author at each symposla, meeting minutes were distributed to all the
particlipating laboratorles,

RESULTS OF THE SRP EVALUATION PROGRAM

The culminatlon of the SRP cooperative evaluat'on program was an AGARD sponsored
Speclallsts Meeting where papers were presented, and where extenslve dlscusslons were
held, These papers, Including thelr Indlvidual eva! 'atlons and reconmendatlons
regarding the SRP method, as wel! as all the tabulated test data are glven In reference
26. A brlef roview of these follows:

Speclallists Meetling

The Speclallists Meeting was held In Aalborg, Denmark on the 11th and 12th of
April, 1978, Seventeen presentations were made In three separate sesslons with a
fourth sesslon devoted entlrely to dlscusslion, Preprints for all of the presentatlions
were avallable at the meeting and had bean distributed to al! the speakers prilor to the
meet Ing. Recorders were asslgned to each of the sesslons for the purpose of documentling
the sense of the discusslons that followed each sesslon. The condensation of these
dliscusslions also appears In reference 18,

Data Tabulation

ALl of the data collected from the narticlpating laboratorles were tabulated In a
common format and appear In the appendix of refarence 26, In this form, It represents
an extremely valuable body of creep=fatlgue Jdata covering a varlety of englneering
alloys. As much of the raw data as possible were Included In the tabulatlons <o that
future analyvses and Interpretations can be made with a nlalmum of effort and a maxinum
?f :ollahll(v. An example of the creep-fatlgue test data for one alloy Is shown In

able 111,

tvaluatlon of the SRP Method

The general consensus of the Investigators Involved In thls program was po=ltlive
and In agreement that the SRP method was ~ signlflcant step foward In high temperature
Tow=cycle fatlgue ilfe predlictlion, There dld emerge - wi this program several concerns
and recommendations regarding SRP, These dealt primarl wlith the problems assoclated
with the appllcatlion of SRP to cases Involving small Inelastlc stralns (and therefore
long llves). The difficultles assoclated with partitioning these narrow hysteresls
loops and the present Inablilty of SRP to handle mean stress offects were also noted.
The specliflcs regarding these concerns and recormendatlions can be found In the
Indlvidual papers of reference 26.
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CONCLUSIONS

in as much as thls cooperarive evaluation program was the result of a request of

the AGARD SAM Pane! Sub-Commitee on High Temperature Materlals, It would te desirable
to review thelr concluslions regarding this program. The following was extracted from
the Summary Record of the L6th Panel Meeting:

“Informal discussions were held with the members of the Sub-Comm!ttee with the
following concluslons:

The Stralnrange Partitlioning Cooperative Program was an outstanding success because

a)

b)

c)

part

It provided an additlional 19 laboratorles In 6 NATO nations with a new method for
physical testing

It provided a broad base of experlence In using the new approaches and the
methods for handling the data

while the results were varliable from laboratory to laboratory, most Investligators
agreed that the stralnrange partiticning method was a sligniflicant step toward
life prediction In the presence of high temperature and cycllic stresses. .....

The above Is In effect an Integration of all the concluslons of the Individual
Icipants In this program. Each of the Investigators have Included thelr own

concluslions In thelr written papers and these are avallable In reterence 26.

10.
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