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1 Abstract

The Ni-superalloy Udimet 720 LI is typically used for application as turbine disc material for
gas turbines. The present investigation was undertaken to determine if the elevated temperature
fatigue strength can be improved by mechanical surface treatments. Shot peening and deep
rolling were performed on circumferentially notched (k, = 2.3 and 3.5) specimens. Axial fatigue
tests were performed at 7 = 650 °C using a stress ratio of R = 0.1. The fatigue performance will
be compared with electrolytically polished references.

2 Introduction

Udimet 720 LI is a nickel-based superalloy with reduced chromium, carbon and boron content
as compared to the original Udimet 720. Typical property requirements are good LCF and HCF
strengths at elevated temperatures, creep strength and damage tolerance. Considerable work has
been undertaken to optimize these properties by thermal and thermomechanical treatments re-
sulting in microstructural modifications regarding, e. g., grain size, ¥’ size and distribution, car-
bide- and boride-phase content, and grain boundary morphology [1-3]. The present
investigation was performed to determine if the elevated temperature notch fatigue performance
of Udimet 720 LI can be improved by mechanical surface treatments such as shot peening and

deep rolling.

3 Experimental

Cylindrical blanks (& 12 x 60 mm) were prepared by wire-guided electrical discharge machi-
ning from a fully heat treated turbine disc having a homogeneous fine grained microstructure as
shown in Figure 1. Tensile specimens were machined from the blanks with gage diameters and
lengths of 4 and 20 mm, respectively. Tensile tests were performed at ambient and elevated
(650 °C) temperatures. The initial strain rate was 8.3 x 107 571, Tensile results are given in Ta-

ble 1.



Table 1: Tensile properties of Udimet 720 LI

test temperature  E 0p.2 UTS El &=
[GPa] [MPa] [MPa] (%] InAy/ Ap

RT 220 1120 1535 14 0.13

650 °C 180 1050 1280 32 0.33
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Figure 1: Microstructure of Udimet 720 LI Figure 2: Geometry of the notched fatigue
specimens

Fatigue specimens were machined having a circumferential 60° V-notch as illustrated in Fi-
gure 2. The notch root radius was either 0.43 or 0.30 mm. Part of the specimens was electrolyti-
cally polished (EP) to serve as a reference. Others were shot peened. Shot peening was
performed using an injector type machine and spherically conditioned cut wire (SCCW 14) with
an average shot size of 0.36 mm. Specimens were peened to an Almen intensity of 0.24 mmA.
Furthermore, some specimens were deep rolled using a hydraulically driven three-roll device
operating in a lathe. Deep rolling (DR) was performed on specimens having a notch root radius
of 0.43 mm. 55° rolls with a tip radius of 0.3 mm were used. Thus, during deep rolling, the
notch root radius of the specimens was reduced from 0.43 to roughly 0.3 mm. After these me-
chanical surface treatments, the surface layer properties were characterized by measurements of
surface roughness through profilometry and X-ray measurements of half width breadths and re-
sidual macrostresses. Measurements were taken from the (311) planes. Surface layers were sub-
sequently removed by electropolishing to enable the determination of depth profiles. Fatigue
tests were performed in axial loading at R = 0.1 using a servohydraulic testing machine. Tests
were done at 650 °C at a frequency of about 60 Hz. Specimens were heated by means of a
3-zone electric resistance furnace. Fracture surfaces were studied by SEM.

3 Results and Discussion
The microstructure of the fully heat treated Udimet 720 LI material is shown in Figure 1. The

average y grain size is about 15 um. Typical surface layer properties caused by shot peening are
illustrated in Figure 3. In addition, measurements are shown for material shot peened and an-


















