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a b s t r a c t

Radial forging is one of the modern open die forging techniques and has a wide application in produc-
ing machine parts. During operation at high temperatures, severe temperature change associated with
mechanical loads and the resultant wearing of the die surface lead to intense variation in strain on the
die surface. Therefore, under this operating condition, thermo-mechanical fatigue (TMF) occurs on the
surface of the radial forging die. TMF decreases the life of the die severely. In the present research, dif-
ferent layers were deposited on a 1.2714 steel die by SMAW and GTAW, with a weld wire of UDIMET
520. The microstructure of the radial forging die surface was investigated during welding and service
using an optical microscope and scanning electron microscope. The results revealed that, after welding,
the structure of the radial forging die surface includes the � matrix with a homogeneous distribution
of fine semi-spherical carbides. The weld structure consisted mostly of columnar dendrites with low
grain boundaries. Also, microstructural investigation of the die surface during operation showed that the
weld structure of the die surface has remained without any considerable change. Only dendrites were
deformed and broken. Moreover, grain boundaries of the dendrites were revealed during service.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

UDIMET 520 is a low volume fraction, � ′, Ni-based super alloy
which is mainly employed for high temperature use. The conven-
tional heat treatment for wrought UDIMET 520 alloy involves a
three-step treatment consisting of 1121 ◦C/4 h/AC, 843 ◦C/24 h/AC,
and 760 ◦C/16 h/AC (where each step is described by the tempera-
ture, the time at this temperature, and the nature of the subsequent
cooling, with AC indicating air cooling) [1,2]. In some applications,
a fourth stress relief step of 8 h at 816 ◦C followed by air cool-
ing is also employed [3]. After the conventional heat treatments
[1,2], the microstructure of UDIMET 520 is composed of a Ni–Cr–Co
(�) rich matrix, which is hardened by fine (approximately 0.1 �m
size) Ni3 (Al, Ti) gamma prime (� ′) precipitates. Grain boundaries
are decorated by M23C6 carbides [4]. String like primary MC car-
bides may also be present within the grains. Little information
has been published on the grain growth and grain boundary car-
bide precipitation kinetics in UDIMET 520, although some work
has been reported on the effect of � ′ size and volume fraction on
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strength [5–7], the effect of long-term aging on the microstruc-
ture and mechanical properties, and the deleterious effects of the
topologically close-packed � phase in this alloy [1,3,8,9].

Radial die forging is a modern open die forging technique that
has vast applications in the forging of parts. The surface of dies
of this kind should have high wear resistance and high resistance
against thermo-mechanical fatigue (TMF). To achieve these prop-
erties, generally two different layers of Ni-based super alloy with
UDIMET 520 as a filler metal are deposited on the die by gas tung-
sten arc welding (GTAW) and shielded metal arc welding (SMAW).
The cellular dendritic structure of the deposited weld of the Ni-
based super alloy on the die surface changes during processing
at high temperature. The severe change of temperature associated
with a mechanical load and the resultant wearing of the die surface
leads to intense variation in strain on the die surface. Therefore,
at this operating condition TMF occurs on the surface of the radial
forging die. It is difficult to investigate the service condition of radial
forging dies because the temperature and strain changes severely
and simultaneously [10]. It seems that the central region of the die is
directly in contact with the ingot, and wearing occurs in this region.
Therefore, existing cross-section variation between this region and
other areas around the die causes enhancement of the strain and
stress concentration. In this region, the possibility of cracking is
increased.
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