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1-Introduction

The rolling process is one of the common and widely used
methods in manufacturing and forming various parts. The
rolling process has a significant effect on the mechanical
properties and microstructure of materials, which making
it important in the manufacturing of products. 3D printing
or additive manufacturing is a of the new method in
producing parts that allows for the direct creation of parts
from digital models. This process is based on creation parts
layer by layer and can produce various parts quickly and
with high precision. The unique features of additive
manufacturing, such as design freedom, no need to dies
and auxiliary equipment, and the ability to produce
complex and integrated parts, have caught the attention of
many industries such as aerospace, oil and gas, marine and
automotive industries to use this method. In the other hand,
problems such as microstructure defects, distortion,
residual stress and anisotropy of mechanical properties are
among the challenges in additive manufactured or 3D
printed parts. Using the rolling process to modify 3D
printed parts is one way to improve the microstructure and
mechanical properties of materials. By combining the
rolling process with additive manufacturing, hardness,
strength, and elongation can be increased by
homogenizing and refining grains of the structure. Also,
this process can reduce distortion and residual stress in the
additive manufactured parts.

2-The effect of the rolling process on parts produced
using methods other than 3D printing

Rolling is an essential process in the production and
shaping of materials, particularly metal materials. During
this process, the raw material passes between two or more
rollers, resulting in alterations to the geometry, mechanical
properties, and microstructure of the material. This process

can be divided into three categories: cold rolling, warm
rolling and hot rolling based on temperature. Cold rolling
is performed at ambient temperature, warm rolling is done
at a temperature below the recrystallization temperature,
and hot rolling is performed at a temperature above the
recrystallization temperature of the raw material.
Investigating the effect of the rolling process on the
mechanical properties and microstructure of materials
produced through traditional processes reveals that the
rolling process cause to an increase in hardness and
strength, as well as a transformation of the microstructure
into fine grains. Figure 1 illustrates the schematic of the
rolling process.
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Figure 1: Schematic of the rolling process, including the
workpiece, rolling rollers and support rollers

3- Rolling process related to parts produced by 3D
printing method

With the growing popularity of 3D printed materials, it is
important to examine and understand the effect of the
rolling process on the parts created using this method.
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There are various methods for additive manufacturing of
metal parts, including selective laser melting (SLM), wire
and arc additive manufacturing (WAAM), etc. The
following discusses studies conducted on the effect of the
rolling process on parts made by the additive
manufacturing method.

3-1- Rolling configurations in 3D printing and hybrid
mechanisms

In 2013, Zheng et al. presented a transformative
mechanism for the WAAM process. This mechanism
features a unique rolling system with three rollers, that can
be configured based on the part’s characteristics to roll
either the top or side surfaces of the deposit (Figure 2). In
this research, the study focused on the effect of rolling
force and temperature on the shape of the printed layer.
The goal was to determine the optimal rolling parameters
that could effectively control the height and width of the
layers. Rodrigues et al. emphasized the significance of
roller design in the interlayer rolling method. They
suggested that the geometry of the roller placement should
be tailored to the characteristics of the part, such as
thickness, to ensure the achievement of homogeneous fine
grains. In this study, the WAAM process and Ti-6Al-4V
alloy were utilized.

Figure 2: Simulation of metamorphic rolling mechanism for
different work condition, (a) one roller, (b) two rollers, (c)
three rollers for thin wall with thickness of 6 mm, (d) three

rollers for thin wall with thickness of 10 mm

Michel et al investigated ring rolling as a flexible forming
process to produce seamless rings of various dimensions
and cross-sections. Figure 3 shows the completed design,
which includes a rolling table with four mandrels. It should
be noted that sometimes different parts may require
multiple forming steps to achieve the final geometry. To
improve the flexibility of the process, it is beneficial to
utilize high-efficiency additive manufacturing methods
like WAAM in the ring rolling process. This method offers
the opportunity to work on various materials at a high

deposition rate. In this case, more complex sections can be
produced with just one ring rolling step. Upon examining
the results, it is evident that WAAM pre-forms exhibited
good forming behavior did not develop any surface
defects. Also, The defects within the rings did not have any
negative effect on the rolling process. The condition of the
surface, whether raw or machined, does not affect the
forming behavior. The combination of WAAM and ring
rolling appears to be feasible in achieving the goals of
enhancing process efficiency and reducing costs.
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Figure 3: Scheme of the ring rolling automated machine

3-2- Process repeatability
In their research, Martina et al. used the WAAM method
to print a piece of Ti-6Al-4V material. They then rolled

each layer of the print between passes using the high-

pressure rolling method. They demonstrated that rolling
the samples in this manner improved the repeatability of
the production process, which could aid in the industrial
implementation of the process.

3-3- Mechanical properties, microstructure, defects

Zheng et al. demonstrated that utilizing the combined
deposition and rolling method can be beneficial for
achieving fine graining, preventing hot cracking and
enhancing the mechanical properties of parts (refer to
Figure 4). Guo et al pointed out that the rolling process
improves the fine-grained structure and also increases
hardness. Therefore, the mechanical properties of the
produced alloy are enhanced when using the WAAM
method. Martina et al. proved that applying the rolling
process to steel structures produced by the WAAM
method, can reduce grain size. The results obtained from
this research show that rolling significantly improves the
grain refining process, reduces the overall thickness of the
layers, and changes the microstructure from a completely
columnar state to an axial one. This change is the reason
for the recrystallization of the deformed layer during the
deposition and melting of the next layer. Wu et al showed
that when WAAM process is utilized, the thermal gradient
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of the deposition layers and the alternating heating and
cooling process result in improved microstructural
evolution and mechanical properties of the target part. The
cold rolling  technique  significantly  reduces
microstructural anisotropy by subjecting the deposits to
intense plastic deformation. Interpass cold rolling can also
play an important role in reducing hydrogen porosity in
aluminum parts manufactured using WAAM process.
Maleki et al. have stated that selecting appropriate
parameters for the rolling operation can enhance the grain
refining process and induce compressive residual stresses
in the treated layer. These characteristics can result in
improved mechanical properties and decreased surface
roughness. Different approaches have been examined to
utilize rolling in managing the microstructure of layers on
additive manufactured metals, such as performing a rolling
pass on the outer surface/finish layer or using interpass
rolling.
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Figure 4: Average microhardness of rolled WAAM ER2319
with increasing rolling load

3-4- Distortion and residual stress

Gu et al. demonstrated that the strength of the alloy is
indeed enhanced after heat treatment. However, the main
issue lies in controlling distortion. Therefore, inter-pass
cold rolling was also applied to the process. This was able
to significantly reduce the maximum residual stress. With
the help of this process, distortion can be reduced or even
eliminated. Martina et al. showed that high-pressure
rolling, originally used for welding, is a mechanical
stretching method used in manufacturing. In this process,
a moving roller applies the load. If the load is sufficient to
cause severe plastic compression of the surface in the
normal direction, plastic stretching occurs in the direction
of rolling, thus reducing the longitudinal residual stresses.
In another study, researchers applied high-pressure rolling
to each layer of a part produced with Ti-6Al-4V material
using the WAAM method in an interpass manner. In the
rolled samples, the out-of-plane distortion was reduced by
half. Honnige et al noted that rolling can help control
residual stress and distortion in aluminum parts made
using Wire Arc Additive Manufacturing (WAAM)
process. In this research, rolling was applied vertically on
each sediment layer (interpass) and after the completion of

the sediment. Distortion is virtually eliminated by the
vertical interpass method unlike with other metals, and can
be reversed by lateral rolling. Vertical interpass rolling
eliminates distortion, but results in a multidirectional stress
field. This includes hydrostatic compressive stresses with
approximately 2 mm depth and hydrostatic tensile stresses
5-10 mm depth below the surface.

3-5- Geometry of particles

In their research, Martina et al. applied high-pressure
rolling to each layer of a Ti-6Al-4V manufactured
component using the WAAM method. In the rolled
samples, a change in the sediment’s geometry was
observed due to plastic deformation. This resulted in an
increase in the wall width and a decrease in the layer
height. Rolling significantly reduces The standard
deviation of layer height, making the WAAM process
easier.

3-6- Composite materials and new concepts

In 2019, Zhao et al. conducted research on an innovative
method for creating titanium/steel clad plates. Instead of
using Ti sheets, pure titanium powder was initially
deposited onto steel plates using Cold Spray Additive
Manufacturing (CSAM) (Figure 5). The titanium/steel
clad plates were then fully coupled by hot rolling and
annealing. The mechanical properties of these plates were
evaluated at various stages of production through a series
of tensile and shear tests. It was found that the
titanium/steel coated plates had an excellent shear strength
of 280 MPa, ultimate tensile strength of 564 MPa, and a
suitable elongation of 18%.
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Figure 5: Schematic representation of (a) cold spraying of Ti
on steel plate, (b) hot-rolling process, (c) annealing process,
and (d) sample dimensions for tensile and shear tests.

4-conclusions
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In this review article, research conducted on the effects of
the rolling process on mechanical properties,
microstructure, residual stress and crack growth in
materials produced by additive manufacturing has been
investigated and various 3D printing-rolling hybrid
processes have been introduced and examined. The results
of this research are summarized as follows:

* The strength of 3D printed parts increases through the
rolling process. It is caused to increase tensile strength
and reduced flexibility.

The rolling process can be effective in grain refining and
improving the microstructure of materials produced by
additive manufacturing. It can convert the material from
a completely columnar state to a coaxial one, and to some
extent reduce structural defects and porosity in the
structure.

Various rolling methods, such as high-pressure rolling
and interpass rolling, can greatly reduce residual stress
and distortion in materials produced using additive
manufacturing processes.

Compared to the typical additive manufacturing methods,
parts made using a combination of deposition and rolling
exhibit better surface quality, flatter geometry and
significantly less dimensional fluctuation.

The design of rollers plays a crucial role in the interlayer
rolling method. The placement geometry of the rollers
should be carefully designed based on the characteristics
of the part. This will help create the desired properties in
the 3D printed parts.

The hybrid method of additive manufacturing-rolling is
effective and useful for grain refining, preventing the
formation of defects like cracks, and enhancing the
mechanical properties of parts. Additionally, it reduces
distortion and residual stress in parts produced by 3D
printing.
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The Effect of the Rolling Process on the Properties of Materials Produced by Additive Manufacturing
(3D printing): a Review Paper

Seied Meisam Sharif Mosavi Farshad Nazari Reza Mosalmani

Abstract The rolling process is one of the common and widely used methods in manufacturing and forming various
parts. The rolling process has a significant effect on the mechanical properties and microstructure of materials, which
making it important in the manufacturing of products. 3D printing or additive manufacturing is a of the new method in
producing parts that allows for the direct creation of parts from digital models. This process is based on creation parts
layer by layer and can produce various parts quickly and with high precision. The unique features of additive
manufacturing, such as design freedom, no need to dies and auxiliary equipment, and the ability to produce complex
and integrated parts, have caught the attention of many industries such as aerospace, oil and gas, marine and
automotive industries to use this method. In the other hand, problems such as microstructure defects, distortion,
residual stress and anisotropy of mechanical properties are among the challenges in additive manufactured or 3D
printed parts. Using the rolling process to modify 3D printed parts is one way to improve the microstructure and
mechanical properties of materials. By combining the rolling process with additive manufacturing, hardness, strength,
and elongation can be increased by homogenizing and refining grains of the structure. Also, this process can reduce
distortion and residual stress in the additive manufactured parts.

Keywords Rolling process, 3D printing, Additive manufacturing, Mechanical properties, Microstructure, Residual
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Average width (mm) Maximum width absolute error (mm) | Mean square deviation (mm)
Deposition layer
a* b a b a b
First 8.73 8.67 0.36 0.06 0.14 0.03
Second 8.92 8.71 0.19 0.10 0.08 0.04
Fourth 8.83 8.76 0.33 0.12 0.13 0.02
Sixth 9.07 8.78 0.45 0.07 0.20 0.05
Eighth 9.14 8.70 0.42 0.04 0.18 0.02

*a is the condition for the thin- walled parts without vertical rolling. b is the condition for the thin- walled parts with vertical rolling.
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