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ABSTRACT

The effect of gamma prime precipitate size on the monotonic and cyclic properties of Udi-
met 500 were determined. Gamma prime diameters of from 500-3000 angstroms were ob-
tained by varying cast section thickness and hence affecting cooling rates during solid-
ification and subsequent heat treatment. It was found that the elevated temperature yield
strength decreased as a function of 1/r* indicating both particle shearing and looping were
active as dislocation movement mechanisms. Cyclic behavior was strongly influenced by the
gamma prime size, However, the optimum size was dependent on the strain range with larger
particles found to be beneficial for large strain ranges and smaller particles preferred at low
strain ranges. These effects are attributed to the cyclic stress-strain exponent of the two
conditions.
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INTRODUCTION

As all materials engineers realize the mechanical behavior of a material is strongly depen-
dent on the microstructure of the alloy. In the case of precipitation hardenable nickel-base
superalloys the microstructural constituent regarded as having the greatest influence is the
gamma prime precipitate and in some cases the gamma double-prime precipitate. The kinet-
ics of precipitate nucleation and growth, and hence resultant morphology of a cast nickel-
base alloy such as Udimet 500, is influenced by cooling rates during solidification and subse-
quent heat treatments. Therefore processing techniques which produce the desired mechani-
cal properties for a component of relatively thin cross-sectional area may not provide similar
strength in a much thicker component. In general, all things being equal the gamma prime
diameters will be larger for components or areas of components of thicker sections com-
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pared {0 those of thinney sross-sections, Under such conditians i becomes novessary when
praviding marenal Properties fir thesg alloys o alsa spectfy the heat treatment emplivyed a5
well as the section thickness for which the dats is relevane. s study was undertaken )
quantity the affect of 1he SAMUTA primie precipiiate size on aath the yichd stength apd fy
tigue behavior

TELT PROMEDURES aND RESULTS

Spegimen Cogdinons, Specimens cantuning w inbery VUYINg garmma PIUINe SI708 wire nh.
tained by casting components of differcin spcting thickness while malntaining al| casting

Arocess vanables constant, The COMpOnCins wers then mp'd and heat rreared a5 describagd
byl e

I Hot Lsnsrarie Frissing
Vemperature-1 204" ¢
Time-d hours
Pressure-107 MpPa

2. Heat Treatment
Solutioned- | [20° for 4 howrs
Stabilized-1075C for 4 haurs
Precipitation- 760 ¢ far 16 kours

Spacimens from each SOMPONEnt were machined for tepsijs and Fangue testing per stan-
dard configurations. Tensije testing was conducted at 4577 and the strain cantralicd fow
cyvele fatigue testing was conducted ar 650" C under plastic-plasne conditions. Gainma pric
Precipilate sizes were determined frogm scanming alectron microscope examinatian of pol-
ished metallographic Speciinens using image analysis Hquipiment

Monatonjc T ﬂﬂjﬂlﬁﬂlﬂ_&iﬂm[ﬂ When nichel-hase alloys such as {filimes
304 are strained, dislocations begin o movs throwgh the material ynyi) their paths ars
blacked by the samma Prime precipitares. They will cantinue sq pile op agains the narticles
wrealng a buildup of internal siess which will eventually be sutficient to forge # dislocation
theough or around the Precipitane. Huether and Reppichi 1978, 1979, Reppichi 1982 and
Reppich et al.( 1982) describe three regimes of dislocanion-particlz int=raction which could
OULUN a8 3 function of particle sjze At smaller particla sizes, the yield strengrh increases pa-
rabolically with incrcasing particle radius as described by tha Brownand Ham theory 4pa
critical radius the particles e barge enouph 1w Permn toth disiocations: weak ang stroly
coupled) 1o exist sl'rm.dlanenu.-sty in the precipitate. This indicates a transition Trom weak
soupling to strong coupling of dislocation pairs, Ahove the eritical radius a hyperbolic de.
crease in yield strength is predicred with a further increase in particls diameter 25 1 equa-
tion |
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sume stll larger radius, Orawan lwoping hecmies competitive with the sheanng process and
the yield strenuth decreases 35 1 fFunction of 17 a5 in Squation 2 Whethier or noe looping oe-
©uTS i% A Tunction of particle Leametry and volume fracrion,

Fo =To b 20In(AEn Ly (2)
Whare ir is the burgers vecror, & is the interparticle spacing amd o 15 o constant. The results
af the tensile [L':itl.l'.l.ig are shown in Figure 1. A ponlinear curve it was performed using a
Marquardl-l.:vﬂnhcrg algorithm, It was found thar the vield strenpth vared approximane]y
as ()" for the precipitate diameters tesied, Orowan looping is expected in he the primary
mechanism of dislocanion mavement around the particles, however the deviagon from the
LT relationship may be due 1o nhomogenecus gamma prime sizes in the specimens ar soime
shesnng of particles cheving equation |
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Figure | Results of monatanic tensile testing

Uyelic Test Resules and Discussion. The effect of pracipitale size on the cxelic behavior of
nickel-base alloys is complicited due to 1he complex inferactions of precipitates ars their
relative ability o cyelivally soften ar harden during resting at el=vared Temparanres. The
seneral behavior has been deseribed cloguently by Antalovich and Lerch {1989, The
nermalized hehaviar of the SpECImEns contzining the larpest EARma prime precipitates rela-
lve 1o those containing the smallast LAmMa prime particles is shown in Figure 2. At low
STRUN ranges the specimens containing the small precipitates exhibit langer livas thar, those
with large precipitates. while the apposite is true ar high strain ranges, A thaury we explain
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Figure 2 Results of strain controlled (plastic-plastic) fatigue testing

such behavior has been proposed by Lerch and Gerold (1987) based on the work hardening
characteristics of superalloys during cyclic loading. To get an idea of the work hardening
characteristics of the test specimens the maximum stress was plotted against the applied
strain range in a double logarithmic fashion as shown in Figure 3. The slope of the curves
(n') is referred to as the cyclic stress-strain exponent and is a measure of the amount of work
hardening which occurs during fatigue. At high strain ranges the material which work hard-
ens more rapidly results in a higher response stress which for a given strain range provides a
greater driving force for crack initiation and propagation thus reducing fatigue life. At lower
strain ranges the majority of the deformation occurs elastically within the grains and the dis-
locations in these grains in these grains are free to move back-and forth across the grain,
meeting with no resistance from any intersecting planes. Thus no work hardening occurs
and the material having the higher tensile strength exhibits the longer life; in this study the
specimens containing the smaller precipitate sizes exhibited the higher tensile strength.
Stoltz and Pineau (1978) found that materials having a more homogeneous dislocation
structure work hardened more rapidly. Studies on the dislocation structure of subject materi-
als after testing was outside the scope this work.
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Figure 3 Work hardening characteristics of materials tested
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