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Abstract: The morphology, size and composition of intermetallic compound at the interface of Al 1050 and nodular cast iron were
studied by electron microprobe analysis(EMPA) and scan electron microscopy (SEM), respectively. The bond strength of the
interface was measured by the tensile tests and the morphology of the fracture surface was observed by SEM. The observation of the
interface reveals that there are two distinct morphologies: no intermetallic compound exists in the central area at the interface; while
numbers of intermetallic compounds (Fe,Al,) are formed in the peripheral area due to the overfull heat input. The tensile tests
indicate that the distribution of strength in radial direction at the interface is inhomogeneous, and the central area of the interface
performs greater bond strength than the peripheral area, which proves directly that the Fe,Al, intermetallic compounds have a
negative effect on the integration of interface. The morphology on the fracture surface shows that the facture in the central area at the
interface has characteristic of the ductile micro-void facture. So it is important to restrain the form of the intermetallic compound
to increase the bond strength of the Al 1050 and nodular cast iron by optimizing welding parameters and the geometry of

components.
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1 Introduction

Joining of dissimilar materials is generally more
challenging than that of similar metals because of
differences in the physical, chemical and metallurgical
properties of the parent metals to be joined[1-2]. Many
highly efficient solid-state joining processes such as
explosion, friction, diffusion, and cold roll welding are
being developed to join dissimilar materials. Among
these welding techniques, rotary friction welding(RFW)
technique is a distinct, favorite method to join dissimilar
metal substrates due to its characteristics of high
reproducibility, sub-melting temperature, short weld time,
low energy input and negligible intermetallic
formation[3—4]. At present many dissimilar materials
have been bonded by the RFW, such as aluminum[2,5],

copper[6,7], titanium[8] and steel[9].

Pure aluminum to nodular cast iron welded joints
can be readily produced by RFW, and such joints are
extensively used in the various types of components for
electrical machinery to obtain lightmass products and
Studies of the pure
aluminum to nodular cast iron welded joint combinations,

reduce manufacturing costs.

however, have not yet been well documented. It is well
known that the bond strength at the interface is an
important criterion to evaluate the mechanical properties
of the RFW materials. A large number of references on
the RFW of dissimilar metals have indicated that the
between the bond
microstructure at the interface have been established

relations strength and the
extensively[10—12]. However, the investigation on the
strength distribution in radial direction at the interface
has not been found yet. In the RFW process, the heat
inputs and the temperature in the radial direction are
inevitably different because of the different linear velocity
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under the same rotate speed. As a consequence, the
strength in the radial direction maybe exhibits obvious
distinction, which influences intensively the integration
strength on the interface. So the investigation on the
strength distribution in the radial direction is of
importance for optimizing welding parameters and
geometry of components and ultimately improving the
integration strength. Until now no detailed measurements
of the distribution of strength in the radial direction at
interface have been made.

In the present work, Al 1050 and nodular cast iron
were successfully joined by the RFW process. The
microstructures at the interface and the facture surface
were investigated by electron microprobe analysis
(EMPA) and scan electron microscopy(SEM),
respectively. The distribution of the bond strength in
radial direction at interface was measured by a series of
tensile tests, and the fracture behavior was also analyzed.
It is expected that the preliminary results can be
significant in promoting the properties of the rotary-
friction-welded Al 1050/nodular cast iron composite.

2 Experimental

2.1 Rotary friction welding

The commercial Al 1050 (pure aluminum
containing 99.823% of Al, mass fraction) and nodular
cast iron, which were machined into rods with a diameter
of 20 mm, were used for rotary friction welding. The
working surfaces of both materials were polished
successively with fine grades of emery papers up to
1 000 level before welding. All welds were produced
using a continuous-driving machine with the constant
parameters, which were optimized by static tensile
strength in earlier studies. The interesting parameters
were as follows: the friction pressure(p;) was maintained
at 40 MPa with the friction time(#;) fixed at 1.0 s. The
rotational speed(v) was held at 3 000 r/min. The forging
pressure and forging time were 100 MPa and 3.0 s,
respectively.

2.2 Microstructure of interface

Cross-sectional interfaces of the RFW were ground
and polished using an emery paper and diamond powder.
Microstructure and elements distribution at the
cross-sectional interfaces were investigated by EMPA
and SEM, respectively.

2.3 Static tensile testing

In order to measure the distribution of strength in
radial direction on the interface, the specimens were
machined into a series of tensile rods with different
diameters as schematically shown in Fig.1. The tensile

tests were conducted at room temperature using an
Instron type testing machine with cross head speed of
2.5X 10 mm/s. The morphologies on the fracture
surfaces were observed by SEM.
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Fig.1 Schematic illustration of specimens for tensile tests
3 Results and discussion

3.1 Microstructure of interface

The interfaces are separated into five zones in the
radial direction as shown in Fig.2. The preliminary
observation shows that the microstructures in zone 2 and
zone 4 exhibit representative features. Fig.3 and Fig.4
show the cross section microstructures of zone 2 and
zone 4, respectively. It can be seen that the interface is
smooth and relatively straight, and the reaction layer can
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Fig.2 Partition of zones in radial direction at interface
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Fig.3 Cross section microstructure in zone 2 at interface
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