
ORIGINAL RESEARCH

International Journal of Material Forming (2025) 18:16
https://doi.org/10.1007/s12289-025-01879-7

Introduction

Modern technology demands the creation of metallic 
materials with unique properties that can be tailored at 
both micro and macro levels [1]. One of the most efficient 
approaches to achieving this is the formation of heteroge-
neities in the surface layers of metallic workpieces through 
local plastic deformation [2]. It is important to note that the 
creation of such macroscopic heterogeneities encompasses 
the formation of microscopic heterogeneities since these 
scale levels are interconnected concomitantly contributing 
to the improvement of the mechanical properties in materi-
als [3–5].

Recently, various approaches for the targeted creation 
of surface heterogeneities, such as Shot Peening, Surface 
Mechanical Attrition Treatment, Burnishing, Deep Rolling, 
etc. have been developed [6, 7]. Such methods belong to 
the processes of ‘cold’ local plastic deformation, while ‘hot’ 
local plastic deformation is implemented through the pro-
cess of Friction Stir Processing (FSP) [8, 9]. Each of these 
methods has advantages and disadvantages, while all these 
methods may lead to the formation of surface defects such 
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Abstract
In the light of recent developments in the design of structural materials, micro-architected heterogenous-structure metals 
are considered among most structurally efficient. In this work, a new technique for Local High Pressure Torsion (L-HPT) 
enabling the creation of heterogeneous structures through localised deformation processing in sheet metals by impeding a 
rotating punch is proposed. Using AA5083 aluminium alloy as an example, we show experimentally that the rotation of 
the punch sets adjacent material layers in motion. This results in more than two-fold increase in material hardness over ini-
tial level in the workpiece bulk with rather sharp gradients in hardness level transition. The maximum hardness is observed 
at the peripheral edge of a punch tip. Finite-element modelling of the L-HPT process confirmed that the rotational flow of 
workpiece material leads to the accumulation of shear strain. The level of accumulated strain increases with an increase 
in friction at the contact surface. Further analysis based on dimensionality theory revealed that for such an L-HPT con-
figuration the level of equivalent strain is directly proportional to the ratio of rotation-to-translation speeds at the punch.
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as microcracks. On one hand, the cold processes improve 
the strength and fatigue resistance of materials, as well as 
increase their wear resistance [6, 10]. On the other hand, the 
hot process of FSP enables for deeper changes in the micro-
structure without significant surface defects, while improv-
ing the strength and ductility of a workpiece. Besides that, 
FSP may lead to undesirable phase transformations and the 
formation of oxides and other undesirable products in some 
types of materials [11].

Recent interest to surface processing is further elevated 
by the possibilities for creating gradient-structures open-
ing new opportunities for overcoming the strength-ductility 
trade-off [12]. In both the cases, significant improvement 
in workpiece performance is achieved through the localised 
low-temperature plastic deformation within surface vicinity. 
The resulting performance improvements can be attributed 
to the synergy of several factors often studied in isolation. 
These include such well-known factors as the formation of 
compressive residual stresses and significant reduction of 
stress concentrators on the surface [13], and more recently 
discovered extreme grain refinement and hetero-deforma-
tion induced strengthening [14]. In fact, latest discoveries 
within the latter demand further in-depth investigations of 
strengthening mechanisms along with the development of 
new surface processing methods. These can enable addi-
tional opportunities for controlling localised plastic defor-
mation and multiscale phenomena in gradient structures.

All the aforementioned processes fall into the category of 
Severe Plastic Deformation (SPD) characteristic of impos-
ing simple-shear deformation mode under high pressure 
[15]. The effects of the latter are well understood by now 
and are known for leading to the intense refinement of grain 
structure [16, 17], stochastic rotational movements (“solid-
phase turbulence”) [18], and most importantly significant 
enhancement of materials properties and even the creation 
of new materials [19].

These capabilities expand with the increase of maximum 
achievable simple-shear deformation. Therefore, the devel-
opment of new processes for local plastic deformation that 
enable for increased simple-shear deformation in the work-
piece surface is of great interest. This is particularly relevant 
for cold deformation processes maximising the potential for 
mechanical properties improvement.

In this paper, we propose a new technique for the cold 
localised plastic deformation processing of surface in metal-
lic materials, which is based on the impingement of a rotat-
ing punch. Unlike deep rolling, rotational motion (stirring) 
of surface layers in the material is induced by the rotational 
motion of the punch. The rest of workpiece material volume 
remains virtually intact, which leads to shear straining. The 
latter can be controlled through the punch rotation param-
eters to obtain desired performance characteristics. By the 

principle of cold plastic deformation with simple shear 
induced by the punch rotation, this process resembles High 
Pressure Torsion (HPT) [20]. Since deformation in the pro-
posed technique is localised (unlike that in HPT), we call it 
Local High Pressure Torsion (L-HPT).

L-HPT schematically resembles also FSP [9] while dif-
ferentiates itself by temperature in the deformation zone, 
which can be classified as ‘cold’ and associated specific 
phenomena. The absence of significant material warming in 
L-HPT is controlled by relatively low speed of punch rota-
tion, which is 2–3 orders of magnitude less than that in FSP 
while on parity to rotational speeds in HPT.

A critical condition for realising L-HPT is the gripping of 
surface layers in the metal substrate with the punch, which 
is far from guaranteed by default. With a reference to HPT, 
full capture of a workpiece surface by a punch is only pos-
sible when the stress on contact friction reaches the level of 
plastic shear stress in the material [21]. This condition is not 
always fulfilled in HPT, which leads to the workpiece slip-
page and associated arrest of plastic deformation [22, 23].

The main goals of this paper are to introduce the concept 
of L-HPT, to demonstrate the conditions for the workpiece 
material gripping by a rotating punch, and to assess the 
maximum equivalent strain, which can be achieved through 
a single pass in this process. The detailed investigation of 
process variables and their effect on stress-strain state in the 
workpiece as well as the analysis of microstructures and 
material performance characteristics obtainable by L-HPT 
are reserved for the follow-up publications.

Concept of L-HPT

The schematic of L-HPT is presented in Fig. 1, which shows 
a punch 1 inserted into a plate 2 under a pressure P and is 
rotated with a torque M. Note the processing tool for L-HPT 
is reasonable to call a punch, not a die as in HPT, since it 
impinges into the plate.

The L-HPT process can be implemented both with and 
without the moving of the punch within the X − Y  plane 
(RD-TD in Fig. 1).

Experimental materials and methods

Experimental material

The material in this study was an aluminium alloy AA5083 
having the nominal chemical composition as following 
(in wt%): Mg 4,81%; Mn 0,53%; Fe 0,32%; Cu 0,07%; Si 
0,09%; Cr 0,10%; Zn 0,02%; Ti 0,01%; Al balance. The 
plates (workpieces) for processing had the dimensions of 
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9 × 70 × 70mm3 and were cut from a hot rolled strip heat 
treated following ASTM H116 regime. The initial micro-
hardness of the workpieces was HV 100.

L-HPT processing method

The processing of the workpieces was carried out at the 
L-HPT toolset developed at OMD Engineering (Dnipro, 

Ukraine), see Fig. 2. The toolset is designed in the form of a 
unit installed on the lower plate of a hydraulic press having 
a maximal compressive force of 1 MN. The unit contains 
an electric motor with a gearbox for the punch rotation. The 
maximum torque on the gearbox output shaft is 700 Nm, 
and the angular rotation velocity can be varied between 
1 and 5 rpm with a step of 1 rpm. The forward speed of 
the press plate is controlled by a choke in the range from 
0.1 mm/s to 2.0 mm/s.

A frame for the holding and positioning of the work-
piece is mounted on top of the punch on four spring-loaded 
guides. When the upper plate of the press is lowered, the 
frame moves down, and the rotating punch is impinged into 
the workpiece. The toolset allows controlling penetration 
depth into the workpiece along with compression force and 
torque on the punch. The punch had a stair-shape edge, as 
shown in Fig. 3 to limit the depth of penetration into the 
workpiece. Studying he effects of the punch and the tip 
shapes are reserved for the follow-up studies.

Immediately before L-HPT processing, workpiece sur-
face was degreased with 96%-pure ethanol. After that, the 
workpiece was mounted on the frame and lowered with the 
press plate at a speed of 0.1 mm/s until contact with a com-
pression force at a punch of 0.3 MN. The punch rotating at 
an angular velocity of 5 rpm was impinged in the workpiece 
for the full depth of the tip stair. The total angle of punch 
rotation was 3.3 revolutions.

Metallographic specimen preparation and 
characterisation

Immediately after the L-HPT processing specimens for 
microstructure characterisation and microhardness mea-
surements were cut from the workpiece in both RD-TD and 
ND-TD sections. Afterwards, the specimen surfaces were 
mechanically ground on SiC paper down to grit 2000 and 
polished with diamond suspension to particle size of 1 μm.

The microstructure was examined by scanning electron 
microscopy (SEM) using a Tescan VEGA3 SEM with tung-
sten filament. The accelerating voltage was 20 kV, beam 
current between 100 pA − 2 nA, and a nominal working 
distance between 7 and 15 mm. Unless otherwise specified, 
all the micrographs below represent back-scattered electron 
(BSE) images in compositional (atomic-number) contrast. 
Local chemical composition was determined by energy dis-
persive spectroscopy (EDS) using Bruker XFlash Detector 
610 M mounted at the same microscope.

Vickers microhardness (HV) measurements were carried 
out on the same specimens using PMT-3 instrument with a 
load of 50 g for 10 s. The centre-to-centre distance between 
the indents in HV mapping was at least three times the diag-
onal length of measured imprints, and the distance from the 

Fig. 2 Photograph of the L-HPT toolset unit: (1) electric motor with a 
gearbox for the punch rotation, (2) frame for holding and positioning 
the workpiece, (3) spring-loaded guides, (4) rotating punch

 

Fig. 1 Schematic drawing of L-HPT: 1- punch, 2- plate, Ω- angular 
velocity, P- compressive pressure on the punch, RD, TD and ND are 
rolling, transverse and normal directions, respectively in the reference 
system of as-supplied plate (after rolling)
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σ s = σ 0

(
1 +

(
ep

Q0

)1/N
)

 (1)

where σ 0 = 123.0MPa, Q0 = 0.007, and N = 5.06 are 
the material parameters for initial yield stress, hardening 
coefficient and hardening exponent, respectively. ep is the 
effective plastic strain. Respective stress-strain curve for the 
alloy AA5083 H116 is shown in Fig. 4.

Contact friction stress τ fr between the punch and the 
workpiece was given in the form:

τ fr = mk, (2)

where m ≤ 1 is the friction factor [26]. According to [27],

m = f (1 − exp (1.25q/σ s)) , (3)

where q is a normal pressure.

centre of an indentation to the edge of the specimen was at 
least 2.5 times the diagonal length.

Method of finite-element (FE) simulations

Numerical simulations were carried out using a commer-
cial software suite QForm-3D (v. QForm UK 10.3.1) [24]. 
Three-dimensions (3D) geometrical model of L-HPT was 
made identical to the schematic in Fig. 1. The workpiece 
plate was initially automatically segmented into a mesh 
consisting of 13 227 four-node tetrahedral finite elements. 
The mesh was automatically reconfigured during the simu-
lation when the elements were becoming strongly distorted 
at large strains. As a result, final mesh contained up to 67 
885 elements. The material was considered elastic-plastic, 
and von Mises yield criterion was implemented. Material 
rheology was modelled using experimental stress-strain 
curves of the alloy AA5083 H116 from ref [25]. :

Fig. 4 Stress-strain curve for the 
alloy AA5083 H116 following 
Eq. (1), which was used for the 
FE simulations in QForm

 

Fig. 3 The sketch of a punch in 
L-HPT
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Experimental and simulation results

Characterisation of microstructure

The representative microstructure of the workpiece before 
L-HPT processing is shown on RD-ND plane in Fig. 5. The 
BSE-SEM micrograph in Fig. 5 reveals the strides of bright-
contrast particles elongated in rolling direction (RD). EDS 
analysis indicates their composition consisting of Al–Fe–
Mn, which is consistent with the nominal alloy composi-
tion and earlier reports on the same material in the literature, 
e.g., [31]. Such strides of particles can be used as tracers 
reflecting the flow pattern of a material in plastic deforma-
tion processing in general and L-HPT in particular.

Figure 6 shows the evolved particle structures of the 
alloy in two mutually perpendicular sections of the work-
piece plate after L-HPT processing. The strides of particles 
on the RD-ND section reveal a smooth flow of the material 
over the punch in vertical direction, area 1 in Fig. 6. In-
plane section (RD-TD) reveals a circular movement of the 
material along the punch periphery, areas 2 and 3 in Fig. 6. 
In the latter areas, a transition from the circular flow around 
the punch to unaffected by L-TH particle strides aligned in 
RD can also be traced. For convenience, this transition is 
highlighted by yellow dash-lines in the areas 2 and 3, Fig. 6, 
solid yellow line arc indicates the edge of the punch.

These results confirm that the workpiece plate material 
can be engaged and dragged by the rotating punch, which 
causes additional plastic flow when compared to the case 
of punch impingement without rotation. To investigate the 
effect of such plastic deformation further, we carried out the 
mapping of microhardness evolution around the punch after 
L-HPT.

Microhardness mapping

The distribution of microhardness in representative critical 
directions in the vicinity of the punch after L-HPT process-
ing is shown in Fig. 7. First, it indicates significant mono-
tonic gradients in HV distribution from the base-line level of 
HV 100 corresponding to as-supplied material in the areas 
beyond 4 mm away from the punch to elevated hardness up 
to HV 235 in the immediate vicinity of the punch. Second, 
significant gradients in HV distribution along immediate 
punch periphery can also be found with a minimum value 
of HV 118 around the punch axis, sharply increasing to a 
maximum value of HV 235 at the peripheral edge of a punch 
tip, and gradually decreasing along the tip height to HV 129 
at the plate surface.

Such gradients in HV distribution evidence (i) large 
strain hardening in the material due to L-HPT processing, 
and (ii) significant dependence of strain hardening on punch 

The values of function m in such simulations must but 
discussed in more detail. In the finite element analysis of 
HPT, it is necessary to increase the factor m up to 1.5 [28] 
in order to ensure the adhesion of the sample to the die. 
With the values of the friction factor m ≤ 1, the calcula-
tions show the slippage of a workpiece relative to the dies, 
which results in a limitation of the maximum achievable 
strain [28, 29]. The assumption of m > 1 is an artificial 
technique, which can be justified in solving the problems of 
plastic deformation with variational methods, in particular 
with FE, that cannot guarantee that the calculated value of 
shear stress on the tool surface is equal to the value of fric-
tion stress. Indeed, in the power functional to be minimized, 
τ fr simply determines its proportion due to friction, but is 
not a boundary condition to be satisfied exactly, as in solv-
ing problems with the method of slip lines [30]. Therefore, 
the values of m > 1 in the FE simulations of HPT should be 
considered as an increase in the penalty of slipping for the 
material on the die surface.

We used this technique and considered two options: 
m = 1 and m = 1.5.

The vertical feed of the punch was carried out at a con-
stant velocity of 0.1 mm/s, and the rotation was carried out 
at a velocity of 5 rpm up to 3.3 revolutions.

Fig. 5 SEM-BSE micrographs of particle structure in AA5083 H116 
alloy in as-supplied condition before L-HPT processing
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Fig. 6 SEM-BSE micrographs of particle structure in AA5083 H116 
alloy evolved after L-HPT processing. Schematics in the top-left 
corner indicate sections for microstructure analysis with respect to 
L-HPT processing reference frame and the specific area of observa-

tions marked with numbers 1–3. In the areas 2 and 3, solid yellow line 
arc indicates the edge of the punch, while yellow dash-lines facilitate 
observation of the direction of metal plastic flow
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(Method of finite-element (FE) simulations), the use of 
plastic friction coefficient m = 1 in the FE simulations does 
not provide the condition of ultimate friction at the contact 
interface and therefore does not exclude the possibility of 
material sliding on the tool surface. To check this assump-
tion, Fig. 9 reveals the results of FE simulations similar to 
those in Fig. 8 while calculated with m = 1.5. It is striking to 
see an order of magnitude higher values of tangential veloc-
ity of the material flow at m = 1.5 compared to that at m = 1.0. 
With the punch rotation velocity of 0.5 rad/s, the material 
in its immediate vicinity flows with a maximum velocity of 
v = 5 mm · 0.5s−1 = 2.5 mm/s in the corner of tip stair 
– base transition, and gradually decaying in all directions 
away from it, Fig. 9. This estimate reveals that at m=1.5, 
the plate material virtually sticks to the punch surface at the 
tip stair – base transition, while slips at all the other surface 
areas, but much less intensively than at m = 1.0. This has 
relatively minor effect on hydrostatic pressure in the defor-
mation zone, while leads to an order of magnitude increase 
in the level of accumulated effective strain, see Fig. 9, albeit 
its distribution qualitatively similar to m = 1.0 case.

These result are consistent with ref [28]. showing that 
in the FE simulations of HPT, an increase in the friction 
factor to m = 1.5 eliminates saturation in the dependence of 
effective strain on the angle of dies rotation. In other words, 
workpiece is gripped by the die surfaces under such friction 
conditions [29].

geometry as well as rotation angle. In order to understand 
the evolution of microstructure and corresponding strain 
hardening in-depth, numerical simulations of plastic flow 
and strain accumulation during L-HPT were carried out, as 
presented in the next subsection.

Numerical simulations

The results of numerical simulations with FE method are 
summarised in Figs. 8, 9 and 10. The rotation of the punch 
causes noticeable changes in the stress-strain state of the 
workpiece plate, see Fig. 8. Of particular interest is the 
emergence of a non-zero tangential velocity component 
orthogonal to ND. The punch rotation has relatively minor 
effect on hydrostatic pressure in the deformation zone, 
while significantly increases the amount and distribution 
of effective strain in the surrounding plate areas. Under the 
punch, hydrostatic pressure reaches (2 ÷ 3)σ s, and in the 
annular zone around it (1.5 ÷ 3)σ s. Effective strain has 
significant monotonic gradients in distribution from nil in 
the areas beyond approximately punch tip radius away from 
the punch to elevated in the immediate vicinity of the punch. 
The maximum level of strain can be found at the peripheral 
edge of a punch tip.

The level of accumulated strain as well as the other char-
acteristics and their distribution strongly depend on con-
tact friction, cf. Figure 9. As explained in the subsection 

Fig. 7 Distribution of microhard-
ness in the vicinity of the punch 
after L-HPT processing
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Discussion

As has been shown in subsection (Numerical simulations), 
the rotation of the punch in L-HPT leads to an increase in 
the accumulation of effective strain, especially in the vicin-
ity of punch tip at its peripheral edge and lateral surface, 

Figure 10 shows the distribution of flow stress in AA5083 
plate for a non-rotating Fig. 10a and a rotating Fig. 10b, c 
punches. It confirms that with a good grip, a rotating punch 
strain-harden the material in a much larger volume than a 
non-rotating counterpart. The increase of friction leads to a 
higher strain hardening.

Fig. 8 FE simulation results 
showing the distributions of 
tangential velocity, effective 
strain and hydrostatic stress fields 
in the plate around the impinge-
ment area of non-rotating (a) and 
rotating for 3.3 revolutions (b) 
punches at m = 1, translational 
and angular velocities of the 
punch 0.1 mm/s and 0.5 rad/s, 
respectively
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The tangential velocity component is equal to zero at the 
punch axis due to the process symmetry, linearly increases 
when moving away in radial direction, and then rapidly 
decreases to zero again beyond the punch periphery at the 
border of the deformation zone. The radial and axial compo-
nents show a sharp turn from predominantly radial to axial 
flow at the punch lateral surface and is directed opposite to 
the punch motion. Such a material flow in L-HPT can be 
likened to that in twist extrusion (TE) [32] in terms of tan-
gential motion with coinciding punch and extrusion axes, 
respectively. In terms of radial-axial flow, the thin radial 
layers of the deformation zone in L-HPT can be likened to 
the material flow in equal channel angular pressing (ECAP) 
[33] with the shear zone aligned parallel to the lateral punch 
surface. With such an orientation of deformation zones in 
respective techniques, both TE and ECAP create maximum 
strain in the areas of side surface of punch tip.

The dependence of effective strain under L-HPT on the 
process variables can be determined using dimensional 

Fig. 8. With good adhesion at the punch-workpiece inter-
face, i.e. high friction factor, this effect becomes more pro-
nounced, Fig. 9, which leads to significant strain hardening, 
Fig. 10. These are very consistent with the experimental 
results presented in Sect. (Characterisation of microstruc-
ture) and (Microhardness mapping), and the distribution of 
microhardness in Fig. 7 in particular.

It is known that the gripping of a workpiece in HPT is 
possible only at a sufficiently high pressure, which should 
be several times higher than the flow stress of a workpiece 
material [20]. As we show above, the pressure at L-HPT 
is lower than that, but material gripping still takes place. 
We believe this is due to intense material flow in axial and 
radial directions. According to [29], such ‘non-shear flows’ 
significantly simplify the gripping of a workpiece material 
with a rotating punch.

The reported gradients in accumulated strain and flow 
stress distributions can be correlated with the velocity com-
ponents of plastic flow field and should be discussed further. 

Fig. 10 Distribution of plastic 
flow stress [MPa] in the alloy 
AA5083 for non-rotating (a) and 
rotating for 3.3 revolutions punch 
(b, c) at translational and angular 
velocities of the punch 0.1 mm/s 
and 0.5 rad/s, respectively, and 
f = 1.0 (a, b) and f = 1.5 (c)

 

Fig. 9 FE simulation results showing the distributions of tangen-
tial velocity, effective strain and hydrostatic stress fields in the plate 
around the impingement area of rotating for 3.3 revolutions punch at 

m = 1.5, translational and angular velocities of the punch 0.1 mm/s and 
0.5 rad/s, respectively
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The function F (x/L, y/L, z/L) characterising the spa-
tial distribution of effective strain in Eq. (4) is defined by the 
shape of the punch. For instance, the use of a hollow tube-
shaped punch in L-HPT will allow creating ring-shaped 
areas of strain-hardened material. Of particular interest 
can also be punches allowing movements along the plate 
surface in the impinged state to form various patterns het-
erostructure (HS) zones in the plate. These can vary from 
isolated HS spots to architectures composed of HS lines to 
even more complex HS materials with 3D-architected struc-
tures assembled from patterned flat layers. Several exam-
ples of such materials are presented in Fig. 11 illustrating 
that L-HPT can be a very effective tool for creating archi-
tected heterostructures. Let us discuss here several possible 
applications further.

First, possible applications of L-HPT include plates with 
blind holes and locally hardened surfaces [35–37], Fig. 11a. 
Second, L-HPT created patterns can be ‘reinforcement 
elements’ like e.g. stiffeners in loaded plates, Fig. 11b, c. 
Finally, L-HPT can be used to create HS architectures in 
various metals alloys, e.g., planar analogues of harmonic-
structure materials [5, 38], Fig. 11d.

Compared to composites, the main advantage of mate-
rials with architected HS is the homogeneity of chemical 
composition. Since elastic moduli are weakly dependant 
on grain structure, architected materials do not develop 
internal residual stresses under mechanical loading within 
elastic strain region, while the development of such reduces 
the strength of typical composites having chemically 

theory [34]. Let us assume the deformation zone is localised 
around the area of punch impingement into the plate and is 
sufficiently far from the other surfaces. In this case, the size 
of the plate should not affect the amount of accumulated 
effective strain. Furthermore, let us consider the shape of the 
punch, the characteristics of a material and the contact fric-
tion conditions as given. In such a case, the variables defin-
ing the effective strain ep are the punch velocities of axial 
translation V  and angular rotation as well as the depth of its 
impingement into the plate L. According to the dimensional 
theory, we then obtain the following equation for the effec-
tive strain field.

ep = (L/V )a
F (x/L, y/L, z/L) (4)

,
where F is dimensionless function of dimensionless (nor-
malised) spatial coordinates x/L, y/L, z/L, of the punch 
upon its impingement for a depth L, with a velocity V , 
which can be determined in an experiment. Assuming that 
ep is directly proportional to a punch rotation angle, we 
obtain a = 1 and thus

ep = LF/V  (5)

This relationship proves that the effective strain in the 
L-HPT process can be controlled by the variation of param-
eters V, , L.

Fig. 11 Examples of heterostruc-
ture patterns that can be formed 
by L-HPT with darker areas 
indicating hardened material: (a) 
holes with hardened surfaces; (b) 
triangular mesh and (c) layered 
structure strengthening the plates 
and inhibiting the propagation of 
cracks; and (d) two-dimensional 
analogue of a harmonic structure 
(annular hardened zones created 
by a tubular punch)
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heterogeneous components. For instance, HS architecture in 
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the static strength of plates, while the layered architecture 
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pression of crack propagation in soft plastic zones. Yet one 
more very important advantage of architected materials that 
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clability, which eliminates the complex problem of separat-
ing components chemically.

Conclusions

A novel process ‘Local High Pressure Torsion’ (L-HPT) has 
been introduced in this work for imparting localised strain 
within workpiece surfaces. The process is based on imping-
ing and driving a rotating punch in the workpiece surface.

On the example of one of the most common wrought alu-
minium alloys AA5083, the process has been proven exper-
imentally to be very efficient in gripping and deforming 
peripheral layers of the workpiece material. This leads to 
the localised more than two-fold increase in material hard-
ness compared to the base level in the workpiece bulk with 
rather sharp gradients. Maximal material hardness is found 
in the vicinity of peripheral edge and lateral surface junction 
of the punch tip.

Finite-element simulations of L-HPT process in QForm 
revealed that rotational flow of the workpiece material leads 
to the accumulation of shear strain. The latter increases with 
the increase of friction stress on the punch – workpiece 
contact. Further analysis based on dimensionality method 
shows that the level of effective strain for a given L-HPT 
tool geometry grows linearly with the increase of impinge-
ment depth, and is directly proportional to the ratio of rota-
tion to impingement velocities.

L-HPT process allows creating on the workpiece surface 
severely deformed areas that can be locally isolated as well 
as continuously connected into desired patterns. Consider-
ing well-known advantages of architected heterostructures, 
L-HPT process opens new possibilities for creating materi-
als with enhanced performance. The important peculiarity 
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