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Surface nanocrystallization of SAE 1008 steel by single
and multipass thread rolling process
Nanokristallisierung der Oberfläche von SAE 1008 Stahl durch
Ein- und Mehrfach-Gewindewalzen
F. Kahraman1, G. M. Gençer1, A. D. Kahraman2
In this study, the layers are investigated which are obtained on the surfaces of the
single and multi-pass thread rolled screws. It is observed that deformation is more
homogenous depending on the pass number and thread laps failure do not form on
the 3-passed threads. A nanocrystallized layer that thicknesses and size depends
on deformation amount is determined on the surfaces of the thread rolled SAE
1008 steel. While top of this layer has finer grain sizes, depending on the deformation amount grains coursed and oriented by the deformation direction. The finer
grains are observed in the single pass thread rolled sample as size of 136 nm at
the 15 mm inside from the surface of the root of the thread. Compared with bulk
material, significant hardness increase is observed on the surfaces of the all thread
rolled samples. The effect of pass number on the hardness is very low, increases
of the pass number, hardness increases slightly. But thicknesses of layer are enhanced to increase the pass number.
Keywords: Nanocrystallization / Cold forming / thread rolling / thread rolling lap failure
/ SAE 1008
Schlüsselwörter: Nanokristallisierung / Kaltumformen / Gewindewalzen /
Gewindewalzdefekte / SAE 1008

1 Introduction
Threaded fasteners, one of the solvable machine elements, and the shafts that have external thread are
commonly used in all industrial fields, especially in
civil constructions and mechanical applications [1].
Thus, the performances of the methods used for
production and design of threaded machine elements also have great importance [2]. The screws of
bolts and external threaded shafts are produced by
machining or thread rolling methods [3]. Detailed
description of the thread rolling process is given
elsewhere [1, 4].
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Due to the no chip formation in bolt production
process with this method, the factors (microcracks,
micro scratches) that shorten the usage life of bolts,
such as formed notch effect at the bolt surface via
the cutting tools, are prevented and thus, the bolts
can be obtained with high surface quality [5, 6].
Although the thread rolling process has been
commonly used as a production method for a long
time, studies about the thread rolling process were
usually focused on the effects on the mechanical
properties [5, 7-9] and the finite element modeling
of the thread rolling process [5, 7-17]. Whereas, little research is focused on the microstructures of the
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Table 1. Chemical composition of SAE 1008 steel [%].

Fe

C

Mn
max.

P, S
max.

Si max.

Ni max.

Cr max.

Mo max.

V max.

Nb max.

Ti max

balance

0.02-0.1

0.50

0.035

0.10

0.20

0.15

0.06

0.008

0.008

0.025

Figure 1. Optical micrographs of threads; (a) single pass; (b) two pass; (c) three pass.

threads and formation of the thread laps in single
and multipass thread rolling process. But none of
these studies have detected and identified the surface layer which has nano-scale grain [7, 13].
Therefore, the formed nano-sized microstructure at
surface of the material, as a result of single and
multi-pass thread rolling process, was investigated
and characterized in detail in this study.
© 2017 WILEY-VCH Verlag GmbH & CO. KGaA, Weinheim

2 Experimental study
SAE 1008 carbon steel was used as parent material
for the production of the threaded fastener in the
study. The chemical composition of the parent material was given, Table 1. Samples were prepared in
dimensions of Ø18 mm x 300 mm and then M20
screws were produced by using two-die cylindrical
www.wiley-vch.de/home/muw
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order to define the surface properties of screws microstructural examinations and hardness test was
used.
Microstructural examinations were made by using an optical microscope (Nikon, Epiphot 200),
scanning electron microscope (Jeol 6060) and
Atomic force microscopy technique (Nanomagnetics, ezAFM) with a scanned area of
5 3 5 mm2.
The hardness measurements of the samples were
conducted by using a microhardness tester (Shimadzu, DUH-W201S). A Vickers indentation experiment was carried out and the applied load was
25 mN. Microvickers hardness traverses were done
under the load of 50 g and load duration of 10 s.
Hardness traverses were carried out from the root
and top of threads to the center.

3 Results and discussions
3.1 Microstructure of thread cross-section

Cross-sections of thread rolled screws show that
thread lap failure formed at the surface of the screw
in the single pass thread rolling, Figure 1, 2. Thread
laps are one of the most common and unwanted defects in thread rolling [18]. These failures are
caused by design mistakes that cause heterogeneous
deformation such as misalignment of the thread roll
dies, quality of blank, improper die design, tilting of
Figure 2. Thread lap failure in the single pass threads.

thread rolling machine (FK20 Gokceoglu). Ø250
mm alloy steel dies were used for thread rolling.
Thread rolling method was done at room temperature and no lubricant was used. The rotation speed
of dies fixed at 45 min-1 for all thread rolling processes. Threads were obtained by single and two and
three multi-pass thread rolling to examine the microstructural and mechanical changes in the thread
surface.
Screws were cut the cross-section for the metallographic examination and hardness tests. Then, the
samples were mechanically polished with sandpapers of different grain sizes and finally to a mirror
finish with diamond paste down to 1 mm for layer
morphology. After the mirroring, the samples were
etched in the 3 % Nital at the room temperature. In
© 2017 WILEY-VCH Verlag GmbH & CO. KGaA, Weinheim

Table 2. Hardness values of the root and max. diameter
of the single pass thread.

Depth from Surface
[mm]

Hardness (HV)
Root (Min. Diameter)

Max. Diameter

10
20
40
60
80
100
120
140
160
180
200
220

258
257
249
237
237
231
233
222
225
219
215
220

250
232
252
257
258
241
234
220
220
210
211
211
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Figure 3. Microstructure of surface layer of threads; (a) single pass; (b) two pass; (c) three pass.

blank, slippage of the blanks and the condition of
the rolling machine [19, 20]. Increasing on the number of passes in the thread rolling, the plastic deformation becomes increasingly homogenous and
thread laps failure did not formed on the 3-pass
threads, Figure 1b, c.
Owing to the high amounts of cold deformation,
finer grains formed on top of the thread surface
comparison with the grains of parent material.
These grains have nano-scale sized and formed on
the thread surfaces. This nano-crystalized layer
formed on the all treated samples surfaces. It is
clearly seen as a layered structure formed on the
surface due to the orientation, Figure 3. Grain refining became clear, especially in the root of the
threads. Grain boundaries in this layer cannot be
clearly seen in optic microscope, Figure 3. The
shape and size of grains change through from the
surface to the inner regions of the material, Figure 3.

© 2017 WILEY-VCH Verlag GmbH & CO. KGaA, Weinheim

Atomic force microscopy images of the nanocrystallization layers show that grain morphology in
the nanocrystallization layer has elongated and
equiaxed structures, Figure 4. The outermost grains
are equiaxied and very fine, Figure 4a. Beneath this
equiaxed grains, the grains are oriented perpendicular to the direction of the plastic deformation, Figure 4d.
The sizes of grains decrease towards the thread
surface depending on the deformation amount. The
smallest grains formed at the surface of the roots of
threads in all samples. At the 15 mm inside from the
surface of the thread root, the average grain size reduced down from 20 mm to 136 nm, 214 nm and
332 nm, single pass, two pass and 3 pass respectively. Precipitates distributed homogeneously
in top of the surface because of the high deformation amount, Figure 4a, b. Ever than precipitates are
formed at the grain boundaries in the 60 and 120
mm from the surface, Figure 4c, d.

www.wiley-vch.de/home/muw
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Figure 4. Grain structure of the single pass sample nanocrystallization layer of a) 15 mm; b) 30 mm; c) 60 mm d) 120 mm from
the surface.

The grain sizes of the surface region slightly decrease with increase in the deformation amount per
pass. Because deformation amount at the each pass
decreases in the multipass thread rolling. As a result
of high deformation amount in the single pass, grain
size at the surface became smaller than the multipass samples. This phenomenom is also seen in severe plastic deformation methods [21]. However,
micro and nano-sized cracks and pores occured especially at the surfaces of the single pass threads,
Figures 5, 6. Dislocation motion is also clearly seen
from the atomic force microscopy 3D images, Figure 5.
© 2017 WILEY-VCH Verlag GmbH & CO. KGaA, Weinheim

Thickness of nanocrystallization layer is not uniform at the surface of the threads. Thicknesses of
this layer are thicker at the roots and increases with
an increase in the deformation amount. The thicknesses of the nanocrystallization layer at the root for
single, two and three pass threads are 100, 150 and
160 mm, respectively. Also, a region that has oriented grains were formed below nanocrystallization
layer. These grains oriented perpendicular to the direction of the plastic deformation, Figure 3.
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3.2 Hardness behavior

Figure 5. 3D AFM image of the occurred microstructure at
the 60 mm inside from the surface of root of the single passed thread.

After the thread rolling processes, significant hardness increase was determined in the surface of the
all samples compared with the parent material, Figure 7. The hardness values of the all sample surfaces are above the 250 HV0.05 while the hardness of
parent material is 200 HV. The hardness values decrease from surface to inside of the material. The
highest hardness values were obtained at the roots
of threads in all samples, Table 2. These results are
compatible with the studies in the literature [22].
Depending on the number of passes, the hardness values were increased after each pass of thread
rolling process unsurprisingly owing to the work
hardening. However, this high hardness values at
the surface are not only result of work hardening
but also grain refinement that is known from HallPatch relation [23]. The highest hardness value was

Figure 6. The micro cracks and pores occurred at the surface of the single passed screw; (a) head; (b) root of thread.

determined in surface of the three passed thread.
This hardness value is very close to the single and
two pass threads surface hardness.

4 Conclusion

Figure 7. The hardness profiles of the thread roots depending on the number of passes.

© 2017 WILEY-VCH Verlag GmbH & CO. KGaA, Weinheim

Depending on the number of passes, plastic deformation becomes increasingly homogeneous and
thread lap failure decreased in two passed sample
and did not occur in three passed sample as a result
of homogeneous deformation. A nano-crystallized
layer has formed on the surface of all samples due
www.wiley-vch.de/home/muw
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to the high deformation amount. Atomic force microscopy images show that grain morphology in the
nanocrystallization layer has elongated and equiaxed structures. The grain sizes become smaller
from inside to surface of material depending on the
increase in deformation amount. The smallest grains
formed at the surface of the roots in all samples.
The smallest grain sizes (136 nm) were determined
at the surface of the root of single passed screw.
However micro and nano-sized cracks and pores
were observed at the surface regions of the threads
that were produced by single pass thread rolling
process. Also, a region that has oriented grains were
formed below nanocrystallization layer. These
grains oriented perpendicular to the direction of the
plastic deformation. Significant hardness increase
was obtained at the surfaces of all samples compared with parent material. The hardness values decrease from the surface to inside of the material.
The highest hardness value was obtained in the
three pass thread. However, this difference in hardness is not remarkable.
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