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Abstract: In this study, the fracture behavior of aluminum-
copper bimetallic sheet during single-point incremental
forming process has been analyzed during experimental tests.
For this purpose, the bimetallic sheet was produced by
explosive welding method and then deformed during
incremental forming process. To provide a basis for
comparison with the uniaxial stress condition, uniaxial tensile
tests were also conducted on the bimetallic sheets.
Microstructural examinations of the fracture zones in both
conditions were carried out using optical microscopy (OM)
and scanning electron microscopy (SEM). The tensile test
results indicated that the fracture strength of the bimetallic
specimen increased by 70% compared to the monolithic
aluminum sheet, reaching 317 MPa, while elongation
improved from 8.5% to 7.5%, suggesting higher toughness in
the bimetallic sample. Moreover, fracture surface
observations revealed that aluminum exhibited brittle
behavior, whereas copper showed ductile fracture under
both incremental forming and uniaxial tensile loading. The
interfacial microstructure contained intermetallic
compounds, and energy-dispersive spectroscopy (EDS)
confirmed hardness increase within the bonding region.
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1- Introduction
The single-point incremental forming (SPIF) process is a
modern, low-cost, and flexible technique for producing
thin metallic components, in which a simple forming tool
controlled by a CNC machine incrementally forms the
sheet through localized deformation [1]. The advantages
of SPIF include the elimination of expensive dies,
geometric flexibility, numerical control, and the ability to
manufacture customized parts. Its applications are rapidly
expanding in medical (prosthesis manufacturing),
automotive, aerospace, and food industries.

However, analyzing the deformation and fracture
behavior in SPIF, especially for bimetallic sheets, is
complex. Plastic deformation causes grain refinement,

increases dislocation density, and induces the formation of
intermetallic compounds at the interface, which in turn
affect mechanical behavior and fracture mechanisms [2].

Aluminum—copper (Al/Cu) bimetallic sheets are
widely used in heat exchangers, automotive radiators, and
corrosive pipelines due to their combination of low weight,
high electrical and thermal conductivity, and good
corrosion resistance. Several studies have investigated
their behavior under SPIF conditions. Alaie et al. [3]
analyzed the influence of forming temperature and
reported that increasing temperature up to 250 °C
improves formability, whereas higher temperatures lead to
brittle intermetallic formation and premature fracture.
Tayebi et al. [4] observed that increasing the copper layer
thickness reduces the forming limit angle. Zahedi et al. [5]
simulated fracture initiation in SPIF using coupled
damage-plasticity models.

Despite these studies, experimental analysis of fracture
surfaces, intermetallic compounds, and their effect on
mechanical performance in Al/Cu bimetallic sheets
remains limited. This study aims to investigate the fracture
mechanism of explosively welded Al/Cu sheets during
SPIF and to examine their microstructure and mechanical
behavior up to fracture.

2- Methodology
The Al/Cu bimetallic sheet was fabricated by explosive
welding using AA1050 aluminum and C11000 copper
plates. The total sheet thickness was 1.15 mm, consisting
of a 0.70 mm aluminum layer and a 0.45 mm copper layer.
The chemical composition was determined by
quantometric analysis: the aluminum layer contained
0.335 wt% Fe and 0.167 wt% Si (=99.35 wt% Al), while
the copper layer had <99.97 wt% Cu with traces of Ni, Fe,
and Zn.

The SPIF process was conducted using a
hemispherical-ended steel tool (diameter = 10 mm) at a
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feed rate of 200 mm/min. The 100 x 100 mm sheets were
clamped and incrementally formed under CNC control
along a conical path with a variable wall angle. The
process continued until complete fracture occurred at a
depth of 18.63 mm. The deformed geometry and fracture
surfaces were preserved for subsequent analysis.

Uniaxial tensile tests were performed according to
ASTM E08-04 on wire-cut samples using a SANTAM
testing machine. Two types of specimens—monolithic
aluminum and Al/Cu bimetal—were evaluated. The
mechanical responses are presented in Fig. 1.
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Fig. 1 (a) The Stress-Strain Curves, (b) The extracted
mechanical properties.

3- Results and Discussion

Fracture morphology was analyzed using scanning
electron microscopy (SEM) in both backscattered (BSE)
and secondary electron (SE) modes. The aluminum layer
exhibited ductile fracture with deep dimples, while in the
bimetal, as shown in Fig. 2 and Fig. 3, the aluminum side
showed brittle cleavage and the copper side ductile
dimple-type failure.

Fig. 2 Fracture surface of Al/Cu bimetallic sheet after uniaxial tensile test at two different magnifications, (a) SEM
image with backscattered electrons, and (b) SEM image with secondary electrons.
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Fig. 3. Fracture microstructure of Al/Cu bimetallic sample after incremental deformation process. (a) SEM image with
backscattered electrons and (b) SEM image with secondary electrons.

To identify interfacial compounds, point EDS
analysis was performed on dark regions observed in the
cross-section area. As presented in Fig. 4, the results
indicated the formation of CuAl and CullAlll
intermetallic phases, which contributed to the increased
strength and hardness of the interface [6]. A small amount
of carbon detected in these regions was attributed to
trapped contamination during welding, explosive by-

products, or preparation artifacts, but it did not
significantly affect the mechanical properties.
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Fig. 4 Results of elemental analysis of the dark area in
the cross-section of the Al/Cu sample.

In addition, elemental mapping (X-ray MAP) confirmed a
uniform distribution of Al and Cu across the interface, with
no evidence of nonmetallic inclusions or secondary
phases, indicating a sound and continuous metallurgical
bond.

4- Conclusion

The mechanical and microstructural analysis of the
explosively welded Al/Cu bimetallic sheet demonstrated a
high-quality metallurgical bond between the two metals.
The intermetallic phases formed at the interface enhanced
overall strength. The ultimate tensile strength and yield
strength of the bimetal were measured as 317 MPa and 293
MPa, respectively, compared with 186 MPa and 153 MPa
for pure aluminum—representing increases of 70 % and
91 %.

However, the total elongation decreased from 7.5 % in
monolithic aluminum to 5.8 % in the Al/Cu bimetal,
indicating a 22.6 % reduction in ductility. This decline was
attributed to the presence of brittle intermetallic layers that
limited dislocation motion at the interface. SEM images
revealed local cracks related to CuAl and CulJAl[] phases,
while EDS and MAP analyses confirmed their
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discontinuous distribution, increasing interfacial hardness
without severely reducing overall strength. The brittle
fracture of aluminum and ductile fracture of copper was
consistent with their microstructural characteristics and the
strain distribution during forming.
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