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This study aimed to investigate the formability of multilayer
sheets in deep drawing. The three-layer sheets comprised a
sandwich of aluminum 1050, a 304 stainless steel mesh, and
another aluminum 1050 layer, produced by roll bonding. This
configuration was examined to increase the limiting draw ratio
and enhance formability. Experimental tests were performed
under lubricated conditions on sheets annealed at 250°C and
350°C to assess the influence of temperature and lubrication on
final drawing depth and part quality. Alongside experiments,
numerical simulation of the deep drawing process was conducted
using ABAQUS 6.14 to predict final cup depth and analyze stress
and strain distributions. Simulation results were compared with
experimental data to evaluate modeling accuracy. The results
showed that the steel mesh in the core layer markedly increased
composite strength without substantially impairing formability.
An annealing temperature of 350°C was determined as optimal for
maximizing drawing depth. The maximum cup depth achievable
without failure was 10.1 mm, corresponding to a limiting draw
ratio of 1.53. These findings demonstrate that multilayer sheets
reinforced with stainless steel mesh, with proper annealing and
lubrication, can significantly improve formability in deep drawing.
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EXTENDED ABSTRACT

Introduction

The desirable mechanical and physical properties of metallic and non-metallic
sheets, including higher strength, improved formability of low-formability sheets,
enhanced corrosion and wear resistance, high electrical conductivity, and reduced
weight, can be achieved in multilayer sheets. These properties have led to the
widespread application of multilayer sheets in industries such as automotive, marine,
aerospace, and chemical engineering.

Currently, the forming process of metallic sheets is one of the most critical aspects
of manufacturing industrial components, household appliances, automotive bodies,
aircraft structures, and similar applications. Among various forming methods, the deep
drawing process holds a significant position.

More importantly, formability is a key factor in the deep drawing process. Equation
(1) represents the Limiting Draw Ratio (LDR), which serves as a criterion for evaluating
the formability of sheets in the production of cylindrical components.

D
LDR = %, Dpax = Vd? + 4dh M

In the deep drawing process, where Dmax represents the largest diameter of the
blank (initial workpiece) that can be drawn without failure, d denotes the punch
diameter (final workpiece), and h indicates the height of the component after the
drawing operation, the limiting draw ratio serves as a criterion for evaluating the
formability of sheets in the production of cylindrical components.

The novelty of this research lies in the fact that, in addition to utilizing the findings
of other researchers, the drawability of aluminum sheets reinforced with 304 stainless
steel mesh is investigated, and the optimal conditions for deep drawing and annealing
processes for these sheets are determined.

Methodology

In this study, pure 1050 aluminum sheets and 304 stainless steel mesh were utilized.
The aluminum sheets, with a thickness of 1 mm, were cut into dimensions of 60x60 mm,
and the stainless steel mesh, with a thickness of 0.1 mm, was similarly cut to 60x60 mm
(Figure 1).

(@) (b) (9

Figure 1. a) 304 stainless steel mesh, b) pure aluminum 1050, and c) sample preparation for the
drawing process

97



Journal of National University of Skill Spring 2026, Vol. 23, No. 1, p.96-117

This research focused on the use of a practical metal, namely 1050 aluminum,
reinforced with 304 stainless steel mesh. The test specimen consisted of a three-layer
composite: aluminum/stainless steel mesh/aluminum, with the initial thickness of the
aluminum layers being 1 mm and the stainless steel mesh 0.1 mm. To enhance the
bonding process prior to layer joining, the aluminum sheet surfaces in contact with the
stainless steel mesh underwent surface preparation.

Results and discussion

The parameters influencing formability in the deep drawing process include
workpiece lubrication conditions, punch and die radii, clearance between the punch and
die, and blank holder force. In this study, two factors—lubrication and blank holder
force—were investigated through both experimental and simulation models. The
limiting draw ratio was calculated from the experimental and simulation results and
compared.

Based on the recorded thickness values at the thinning locations of the components,
a value of approximately 30% was adopted as the failure criterion.

Figure 2 illustrates the failed cups. Figure 2 (a) corresponds to a composite sheet
without annealing, drawn to a depth of 3.9 mm without lubricant and with a blank
holder force of approximately 23,400 kN. Figure 2 (b) pertains to a composite sheet
annealed at 250°C, drawn to a depth of 4.4 mm without lubricant and with a blank
holder force of approximately 26,400 kN. Finally, Figure 2(c) relates to a composite
sheet annealed at 350°C, drawn to a depth of 5.2 mm without lubricant and with a blank
holder force of approximately 31,200 kN.

@ () ©
Figure 2. a) without annealing, b) annealed at 250°C, and c) annealed at 350°C.

The depth of the samples in different states is shown in Figure 3.

(a) sample depth=4.35 mm (b) sample depth= 4.82 mm (c) sample depth= 10.1 mm

Figure 3. Depth of experimental samples under conditions: a) without annealing, b) annealed at 250°C,
and c) annealed at 350°C.

The limiting draw ratio was calculated using Equation (1). The LDR results are
presented in Table (1).

Table 1. Results Obtained for the limiting draw ratio from Experimental and Simulation Methods
without annealing  annealed at 250°C  annealed at 350°C
experimental 1.25 1.28 1.53
numerical 1.24 1.27 1.49
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The criterion for sheet failure in this study is thickness reduction, which was
determined to be 30% by measuring samples from the tensile test under an optical
profile projector. This value indicates that a 30% reduction in sheet thickness is
permissible. For instance, if the sheet has an initial thickness of 1 mm, a reduction to 0.7
mm is allowable; exceeding this reduction will result in blank rupture. The unannealed
composite sheet was drawn to a depth of 4.9 mm, with the sheet thickness at this depth
reaching 0.936 mm. The composite sheet annealed at 250°C was drawn to a depth of
4.61 mm, with the sheet thickness at this depth reaching 0.703 mm. Finally, the
composite sheet annealed at 350°C was drawn to a depth of 9.18 mm, with the sheet
thickness at this depth reaching 0.710 mm.

Conclusion

The objective of this research was to investigate the drawability of three-layer sheets
and to evaluate the effects of annealing, blank holder force, and lubrication on the
limiting draw ratio. Experimental tests were conducted to determine the LDR. The
optimal three-layer sheet was achieved under conditions involving the use of lubricant,
annealing at a temperature of 350°C, and a spring with a stiffness of 3000 N/mm. The
maximum cup depth drawable without failure was reported as 10.1 mm, with an LDR
of 1.53. The findings of this study indicate that annealing enhances the mechanical
properties of three-layer sheets, improving formability and reducing hardness induced
by the accumulative roll bonding process. Furthermore, appropriate lubrication
reduces friction between the sheet and the die, facilitating more uniform material flow
during the drawing process, which leads to improved surface quality and a reduction in
defects such as wrinkling and tearing.
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