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Abstract: Asymmetric rolling of aluminum alloys is one of the methods for improving their mechanical and performance characteristics.
Kinematic asymmetry during rolling is achieved by varying the roll speed ratios (V, /V5). It is believed that when V| /V, > 3, the process of
asymmetric rolling, by combining significant compression and shear deformations, approximates the processes of severe plastic deformation.
It has been found that the majority of studies are based on data obtained within a limited roll speed ratio range, V; /V, < 2, in asymmetric
rolling. This article examines the effects observed at V| /V, = 1+7.7. The implementation of this condition became possible thanks to a unique
scientific facility — the 400 laboratory-industrial asymmetric rolling mill at the Zhilyaev laboratory “Mechanics of Gradient Nanomaterials”
at Nosov Magnitogorsk State Technical University Experiments were conducted on asymmetric thin-sheet rolling of aluminum alloys 2024,
5083, and 6061, as well as accumulative roll bonding to produce laminated sheet aluminum composites 5083/2024, 5083/1070, and 6061/5083.
The disadvantages of asymmetric rolling compared to symmetric rolling were identified: sample failure was observed at single relative
reductions of 37 % for layered sheet aluminum composites (5083/2024) and 40 % for thin-sheet aluminum alloys (6061). The nuances of
material preparation for processing were described, including the necessity of cleaning and degreasing the alloy surfaces before bonding into
a composite. The rolling temperature regimes were selected, determining cold asymmetric thin-sheet rolling (room temperature processing)
and warm asymmetric accumulative roll bonding (heating of the workpieces in the furnace before rolling at 320—350 °C). A reduction in
rolling force (by a minimum of 1.3 times), the ability to vary hardness (including an increase by a minimum of 30 %), and technological
plasticity with changes in the roll speed ratios within the range of 2 to 7.7 were demonstrated. Options were proposed for reducing the
processing cycles of aluminum alloys without compromising the quality of the finished product by reducing the number of rolling passes and
annealing steps in the standard process scheme.
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AHHOTanuA: ACMMMeTpUYHAasl MPOKATKa aJlOMUHUEBbIX CIIJIABOB SIBJISIETCSI OHUM U3 CIIOCOOOB yJIyULIEHU ST UX MEXaHUYECKUX U IKC-
IUTyaTallMOHHBIX XapaKTepucTUK. KMmHeMaTndyeckasi aCHMMETPHUST TIPH MPOKATKe OCYIIECTBISIETCS TIPU BapbMPOBAHUYU OTHOIICHU I
ckopocteil pabouux Bankos (V| /V;). Cuutaercs, uro npu V; /V, > 3 npouecc acMMMETPUYHON MPOKATKHU 110 MEXaHU3MY COBMELIEHUS
GosbInX nedopMalinii ckaTus U CIBUTA MTPUOIMKEH K TpolieccaM MHTEHCUBHOW MIACTUYeCKOi fecdopmaiinul. BeisiBieHo, 4To 60J1b-
1ee KOJIMYeCTBO MCCIeNOBaHU I OCHOBAHO HAa JAHHBIX, MOJYYeHHBIX TPU OTPAHUYEHHOM IMAMa30He COOTHOLIEHU I CKOPOCTEl BaJIKOB
Vi /V5 <2 npu acuMMeTpU4HOI npokaTke. B ctaTbe paccMoTpeHbl 3¢ deKThl, noayueHHble nipu V; /V, = 1+7,7. Peanusauus naHHoro
yCJIOBU S CcTajla BO3MOXHa Oyiaroiapsi YHUKalbHONW HAyYHOM YCTAaHOBKE — J1aOOpPaTOPHO-MPOMBILIJIEHHOMY cTaHy 400 acumMmMeTpuy-
HOU mpokaTku jabopaTopuu «MexaHuKa rpalMeHTHBIX HaHoMaTepuasioB uM. A.T1. ZKunsgesa» MI'TY um. I'U. Hocosa. Ilposene-
HBI OKCITEPUMEHTHI TI0 ACUMMETPUIHON TOHKOJUCTOBOW MPOKATKe aTIOMUHUEBBIX cryiaBoB 2024, 5083 u 6061 u akKyMynupyloniei
MPOKAaTKe C MOJyYeHHEeM JIMCTOBBIX CIOMCTHIX A TIOMUHUEBBIX KOMTTO3uTOB 5083/2024, 5083/1070 n 6061/5083. BeisiB/ieHbI HEAOCTATKH
acUMMETPUYHOU MPOKATKY IO CPABHEHUIO C CUMMETPUYHON: HaOII0AaI0Ch pa3pylieHrue 00pa3oB MPU eIMHUYHBIX OTHOCUTEIbHBIX
06xaTusix ot 37 % AJisi TUCTOBBIX CJIOUCTHIX aTFOMUHUEBBIX KOMMO3UTOB (5083/2024) 1 o1 40 % — 17151 TOHKOJTUCTOBBIX aTIOMUHHUEBBIX
criaBoB (6061). OnucaHbl HIOAHCH MOJTOTOBKM MaTepuala K 00paboTKe, B TOM YKciie HEOOXOAMMOCTb 3aUMCTKH M 00€3KMPUBaHU I
IMMOBEPXHOCTH CIJIABOB TIepel COeNMHEHUEM B KOMMO3UT. [Tomo6GpaHbl TeMIlepaTypHbIe peXXUMBI IPOKATKY, OMPEIeTUBIINE XOJOTHYIO
ACMMMETPUYHYIO TOHKOJMCTOBYIO IMMPOKATKY (KOMHATHAas TeMIlepaTypa 00paboTKH) U TEIIYI0O aCUMMETPUUHYIO aKKYMYJIUPYIONTY IO
MpoKaTKy (TemIiepaTypa HarpeBa 3aroTOBOK B me4u repen nmpokatkoir 320—350 °C). [Noka3aHbl CHUXEHUE CUJIbI TPOKATKU (MUHU-
MasibHO B 1,3 pa3a), BO3MOXHOCTb BapbUPOBAHUSI TBEPAOCTH (B TOM YHUCJIC YBEAUUYEHUSI MUHUMAIbHO Ha 30 %) U TeXHOJIOrMIeCKOit
MJIACTUYHOCTU MPU U3MEHEHU U OTHOIIEHU I CKOPOCTEl BaJIKOB B Iipeaesiax oT 2 1o 7,7. [IpeaoxeHbl BApUaHThI COKPAIIEHUSI TEXHOI0-
TMYECKMX LIMKJIOB 00pabOTKHM aJlOMUHHUEBBIX CIIJIABOB 0€3 CHUKEHM I KaueCTBa FOTOBOM NPOAYKIIMU MYyTeM YMEHbIIEHU I KOJIMYeCTBa
ITPOKATOK ¥ OTKUTOB B CTAHIAPTHOM CXeMe.

Kuouesbie ciioBa: ACUMMETpUYHAadA MMpoKaTKa, akKyMYyJIMpYyrollas IMpoKaTKa, MHTCHCHUBHAas IJ1aCTu4decKas L[C(i)OpMaL[I/ISL TEXHOJIOTUYEC-
Kasd nmJIaCTU4YHOCTb, TBEPAOCTh, KWHEMATUYECKAdA aCUMMETPU A, CUJia IIPOKATKU.

Baaropapuoctu: MccienoBanust BeIoHEHBI 3a cueT rpaHTa PH® (cornmamenue Ne 23-79-30015).

s nuruposanus: bupiokosa O./1., Morunbubix A.E., [lecun A.M., [lycrosoiitoB 1.0., [lecun U.A., bupiokoB M.A. Bo3moxHocTH
ACUMMETPUYHON MPOKATKU OTHOCIONHBIX U CIOUCTBIX MAaTePUAJIOB U3 aJIIOMUHUSI U €T0 CILIaBOB. M3gecmus 8y306. Lleemnas memannypeus.
2024;30(4):43-53. https://doi.org/10.17073/0021-3438-2024-4-43-53

Introduction

In line with the Metallurgical Industry Develop-
ment Strategy of the Russian Federation through 2030',
a series of objectives has been set, focusing on the pro-

duction of high-quality metal products. Notably, un-
der these conditions, the non-ferrous metallurgy sector
is expected to achieve production growth, not only to
meet import substitution goals but also to support the
export of high-quality, competitive products. The de-

I Order of the Government of the Russian Federation of
December 28, 2022 No. 4260-r “On approval of the strategy for
the development of the metallurgical industry of the Russian
Federation for the period up to 2030”.
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velopment of new ultra-strong yet lightweight materials
is crucial for driving technological progress in industries
such as aerospace, electrical engineering, automotive,
and aviation manufacturing. Aluminum and its alloys
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are the primary materials of choice for structural design
in these fields.

Achieving high-quality aluminum rolled products
depends on processing methods that aim to comprehen-
sively improve the materials’ properties, structure, and
geometric parameters. For instance, asymmetric roll-
ing is a promising technique for producing high-quality
materials, as it improves mechanical properties such as
strength, hardness, and plasticity, along with perfor-
mance characteristics like formability under pressure
and technological plasticity [1—10]. Asymmetry during
rolling can be achieved in several ways: varying the roll
speed ratio to induce kinematic asymmetry; changing
the roll diameter ratio to create geometric asymmetry;
or modifying the surface of the working rolls or the ma-
terial itself to introduce physical-mechanical or contact
asymmetry [11—14]. Among these, kinematic asym-
metry is the most technologically viable and often pre-
ferred. Currently, asymmetric rolling with a roll speed
ratio of V} /V, > 3 is regarded as a metal forming process
that closely approximates the effects of severe plastic
deformation. Its key feature lies in the ability to combine
significant compression and shear deformations by em-
ploying a simple and pure shear scheme, which impacts
the deformability of metals and alloys.

It has been established that asymmetric rolling sig-
nificantly increases the hardness and strength of mate-
rials [15—19], though plasticity tends to decrease, ne-
cessitating intermediate and final heat treatments of the
rolled metal. However, combining high levels of reduc-
tion with specific roll speed ratios can maintain or even
It’s important to note that in most foreign publications
[20—23], researchers typically explore a narrow range of
roll speed ratios, with V| /V; not exceeding 2. There is
a noticeable lack of data on the effects of a broader roll
speed ratio range (V;/V, = 2+10) in both Russian and
international studies, making this an area of significant
interest.

The implementation of asymmetric rolling with kin-
ematic asymmetry and roll speed ratios ranging from
1.05 to 10.0 has been made possible thanks to a unique
scientific facility (USF)! — the 400 laboratory-indus-
trial asymmetric rolling mill? at the Zhilyaev laborato-
ry “Mechanics of Gradient Nanomaterials” at Nosov
Magnitogorsk State Technical University. This equip-
ment has no equivalent in Russia, with the most similar
system located in South Korea, where the roll speed ra-
tio can reach up to 2.

Uhttps://ckp-rf.ru/catalog/usu/3206908
2 http://lmgn.magtu.ru/ru/oborudovanie.html

Research methodology

The study investigated the effect of kinematic
asymmetry during thin-sheet and accumulative roll-
ing on the changes in mechanical properties of alu-
minum alloys. The asymmetric rolling was carried
out on the USF “Asymmetric Rolling Mill 400” at
room temperature. No lubricants were used; however,
pre-rolling of aluminum was performed to promote
its adhesion to the roll surfaces, thereby increasing
friction coefficient. The aluminum alloys subjected
to rolling were from the I1xxx, 2xxx, 5xxx, and 6xxx
series, specifically 1070, 2024, 5083, and 6061, whose
chemical compositions are presented in Table 1. The
selection of these alloys was based on their widespread
use and popularity in the manufacturing industries for
which this research was conducted (automotive, aero-
space, etc.).

Aluminum alloys 2024, 5083, and 6061 were pro-
cessed using asymmetric rolling with relative reductions
ranging from 5 to 89 % and roll speed ratios V; /V, from
1 to 7.7. The workpiece dimensions were as follows, in
mm: thickness — from 1.9 to 6, width — 25, length —
100. No additional heat treatment or preheating was ap-
plied prior to rolling.

Certain parameters of asymmetric thin-sheet
and asymmetric accumulative roll bonding differed,
which was determined by the technological features
of the process: thin-sheet rolling involved process-
ing single-layer aluminum alloys, while accumulative
roll bonding, the general scheme of which is shown in
Fig. 1 [24], was intended for laminated materials form-
ing a composite.

These methods are used to obtain an ultra-
fine-grained structure, with the accumulative roll bond-
ing process involving not only the combined and simple
shear schemes but also the accumulation of stresses after
each processing cycle. However, the complexity of this
process, compared to asymmetric thin-sheet rolling, lies
in the necessity of preparing the alloy surfaces for bond-
ing during processing. Some studies [24—27] describe
the requirement for preliminary mechanical joining of
the sheets, which improves the adhesion level during
rolling. This was performed on several workpieces, as
shown in Fig. 2.

During asymmetric accumulative roll bonding, alu-
minum alloys 1070, 2024, 5083, and 6061 were used
to create laminated sheet aluminum composites
5083/1070, 5083/2024, and 6061/5083. For these ma-
terials, two rolling cycles were conducted in all cases,
with relative reductions ranging from 45 to 75 % (except
in cases where samples were destroyed after the first
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Table 1. Chemical composition (%) of aluminum alloys from various series

Ta6nuua 1. Xumuveckuii coctas (%) alrOMUHUEBBIX CIIJIABOB PA3JIMYHbIX CEPUIA

Alloy Mn Mg Si Fe Cu Cr Ti Zn Al

1070 0.03 0.02 0.15 0.16 0.01 — 0.01 0.04 99.70
2024 0.019 0.473 0.422 0.178 0.02 0.001 0.15 0.25 98.487
5083 0.682 4.479 0.091 0.285 0.027 0.104 0.007 0.014 94.282
6061 0.90 1.00 0.60 0.70 0.32 0.22 0.15 0.25 95.86

7Y
L L,

Cutting

Rolling

Fig. 1. Scheme of accumulative roll bonding [24]

Puc. 1. Cxema akKyMyJIMpyIoLIei MpokaTku [24]

Fig. 2. Workpieces prepared for asymmetric accumulative
roll bonding with preliminary joining using

thin wire

Puc. 2. O0Opa3iibl, MOArOTOBJICHHBIE

IUUISI ACUMMETPUYHOM aKKYMYJIUPYIOIEN MPOKATKU
C IIpeIBapUTEIbHBIM COEIMHEHNEM UX TOHKOM ITPOBOJIOKOI

rolling cycle). The roll speed ratio V| /V; ranged from
1 to 5. The workpieces had the following dimensions,
in mm: the thickness of individual layers compos-
ing the composite ranged from 1 to 2, with the to-
tal thickness of the two alloys being between 2 and 4;
the width was 50, and the length was 100. The rolling
temperature conditions varied from cold to hot, with
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Heating at 460°C
(30 min)

preheating of the workpieces to 320—350 °C typically
applied. The surface of each alloy (only for the cold
asymmetric accumulative roll bonding method) was
pre-treated by cleaning with wire brushes or sand-
paper, followed by degreasing with a solvent. Sub-
sequent transport to the rolling mill was carried out
immediately to prevent the formation of a new thick
oxide layer.

Results and discussion

In symmetric cases (mpu V; /V, = 1), all workpieces
failed during the first pass, both in thin-sheet rolling and
cold accumulative roll bonding, when the single relative
reduction was 40 % or higher. The results are shown in
Table 2 and Fig. 3.

The study also revealed that improper or in-
sufficiently thorough pre-cleaning and subsequent
degreasing of the surface before accumulative roll
bonding (at any roll speed ratio) negatively affected
the formation of the transition layer, which is created
through diffusion interactions. This resulted in a low
degree of layer interpenetration between the base
metals and alloys, leading to microcracks at the lay-
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er interfaces and areas with partial lack of bonding
between the layers.

The necessity of pre-joining the alloys to form a
laminated material, as shown in Fig. 2, was not con-
firmed — at low reductions, this “bond” had no po-
sitive effect, as the layers would separate, and the wire
would break. For reductions exceeding 50 %, such
pre-joining was unnecessary, as the layers bonded
equally well regardless of the presence or absence of
wire. In some cases, the wire had a negative effect,
leading to defects at the front and rear ends of the
rolled material.

It was also found that the formation of laminated
sheet composites in the cold processing mode is only
possible when joining identical alloys in the first cy-

cle (e.g., alloy 5083 + alloy 5083 or alloy 1070 + alloy
1070). The first and second cycles with dissimilar alloys
(e.g., alloy 5083 + alloy 2024 or alloy 6061 + alloy 5083)
must be conducted in the warm rolling mode with pre-
heating to 320—350 °C (considering material cooling
during transport from the furnace to the rolling mill).
Hot deformation of laminated sheet aluminum com-
posites was performed by heating the workpieces to
420—500 °C, which produced unsatisfactory results, as
all workpieces developed defects such as “over-squeez-
ing” and “waviness”. Table 3 presents some parameters
of the asymmetric accumulative roll bonding modes—
preheating temperatures for different types of materials
(homogeneous 6061/6061, 5083/5083, 1070/1070, and
heterogeneous 5083/1070, 5083/2024, 6061/5083) prior

Fig. 3. Workpieces after symmetrical thin-sheet rolling (@) and accumulative (b) roll bonding

Puc. 3. O0pasibl mocjie CMMMETPUYHON TOHKOJKMCTOBOM (a) 1 aKKyMYJIUpyloleii (b) mpokaTok

Table 2. Results of symmetrical thin-sheet rolling and accumulative roll bonding of aluminum alloys

Ta6nuna 2. Pe3ynbraThl CUMMETPUYHOM TOHKOJIMCTOBOM M aKKyMYJIHPYIOLIE MPOKATOK

AJIIOMUHUEBLIX CIIJIaBOB

Thickness, mm
Material Relative reduction, % Force, kN
Initial Final
2024 6.00 3.10 48 464
5083 1.90 0.95 50 290
6061 2.00 1.20 40 353
5083/2024 3.00 1.90 37 1330
5083/1070 3.00 1.60 47 900
6061/5083 3.00 1.55 48 1200
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to rolling, the cycle number of asymmetric accumula-
tive roll bonding, the relative reduction, and the integ-
rity of the workpieces after processing, including the
likelihood of defects that could affect further material
processing.

The key advantages of asymmetric rolling com-
pared to symmetric rolling have been identified: a
reduction in rolling force, the ability to control me-
chanical properties (including hardness, strength, and
plasticity) depending on the level of asymmetry, and
an increase in technological plasticity. These advan-
tages are characteristic of both thin-sheet rolling and
accumulative roll bonding, as shown in Table 4 (using
alloy 6061 processed in one pass and laminated sheet
composite 6061/5083 processed in two cycles as exam-
ples). During asymmetric accumulative roll bonding,
the preheating of the workpieces was carried out for
10—15 minutes at a temperature of 320 °C. All the
presented workpieces maintained their integrity after
processing.

It is important to note that asymmetric rolling sig-
nificantly increases technological plasticity. This pa-
rameter is taken into account when developing new

technical and technological solutions for material
processing. Below are experimental data comparing
symmetric and asymmetric rolling (using aluminum
alloy 6061 as an example), clearly demonstrating the
difference in the deformability of the workpieces. The
ultimate goal of the experiment was to obtain a strip
with a thickness of 0.5 mm. In the case of symmet-
ric rolling, this result was achieved in 4 passes. After
each pass, heat treatment, specifically annealing, was
required, meaning it was performed 4 times. The roll
gap was set to a relative reduction of 35 % for the first
three passes and 9 % for the final pass. Any reduction
greater than 35 % led to the workpiece’s integrity being
compromised, i.e., resulting in its failure. The results
are presented in Table 5.

During asymmetric rolling, the roll speed ratio was
V1/V, =2 (in passes 1 and 2), allowing the rolling process
to be carried out with a relative reduction of 63 % without
damaging the workpieces. As shown by the data in Table
6, the target was achieved in just two passes. The number
of annealing treatments was also reduced to two.

With a further increase in kinematic asymmetry
to V1 /V, = 4, the relative reduction without material

Table 3. Parameters of the asymmetric accumulative roll bonding modes for aluminum alloys

(comparison of temperature conditions)

Tabauua 3. [TapameTpbl peXKMMOB aCUMMETPUYHOM aKKYMYJIMPYIOLLIE MPOKATKH aJllOMUHUEBBIX CILJIaBOB

(cpaBHEHME TeMIIepaTYPHBIX YCIOBUIA)

Material of fﬁ:ﬁi&?ﬁiﬁfjﬁgﬁste Cycle Rela}tive . Defects Lo .
°C ’ No. reduction, % Preservation of workpiece integrity
6061/6061
5083/5083 — 1 50 +
1070/1070
5083/1070
50832024 - ! 0 (intgeity ot presered)
6061/5083
5083/1070
5083/2024 320-350 1 50 +
6061/5083
5083/1070
5083/2024 320-350 2 50 +
6061/5083
>083/1070 Waviness and over-squeezing
5083/2024 420—-500 1 50 (integrity preserved,
6061/5083 but cycle 2 is not possible)
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failure reached 75 %. It is clear that with asymmetric
rolling at a roll speed ratio of V| /V, = 4, only one pass
and one final annealing were required (see Table 6).
Similar results were observed during accumula-
tive roll bonding. It was shown that in cold symmetric
accumulative roll bonding, the workpieces failed at
a relative reduction of 42 %. Additionally, this level

of relative reduction was insufficient for bonding the
workpieces in the deformation zone, which result-
ed in either incomplete bonding of the metal layers
or tears in the middle of the samples, along with the
“crescent-shaped” defect. Cold asymmetric rolling
was characterized by a reduction in defect formation.
All workpieces demonstrated good pressure weldabil-

Table 4. Results of asymmetrical thin-sheet rolling and accumulative roll bonding of aluminum alloys

(comparison of rolling force and hardness)

Tabauua 4. PesynbraTbl aCUMMETPUUHON TOHKOJMCTOBOM M aKKyMYJUPYIOIEel MPOKaTOK aJllOMUHMEBBIX CIIJIABOB

(cpaBHEHME CUJIBI POKATKU 1 TBEPIOCTH)

Material Roll speed ratio reiﬂgg;f % Force, kN Hardness, HB
6061 2 63 320 118
6061 3 70 228 121
6061 4 75 166 100
6061/5083 2 53 640 65/78
6061/5083 3 62 558 73/89
6061/5083 4 67 490 93/100

Table 5. Experimental data on symmetrical rolling of aluminum strip made from alloy 6061

Tabnuia 5. DKcrnepuMeHTalbHbIE JaHHbIE CUMMETPUYHON MTPOKATKY aTIOMUHUEBOM JIEHTHI U3 criaBa 6061

Thickness, mm
Pass No. Relative reduction, % Force, kN
Initial Final
1 2.00 1.30 35 337
2 1.30 0.85 35 272
3 0.85 0.55 35 275
4 0.55 0.50 9 151

Table 6. Experimental data on asymmetric rolling of aluminum strip made from alloy 6061

Ta6auua 6. DKcriepuMeHTaabHbIe JaHHbIE ACUMMETPUYHOM IMPOKATKHU aJTIlOMUHUEBO JIEHThI U3 citaBa 6061

Thickness, mm
Pass No. Relative reduction, % Force, kN
Initial Final
Vl /VZ =2
1 2.00 0.74 63 320
2 0.74 0.50 32 234
Vl /V2 =4
1 2.00 0.50 75 166
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ity. Technological plasticity increased significantly,
making it possible to roll laminated aluminum com-
posites with single relative reductions ranging from 75
to 95 %.

In warm asymmetric accumulative roll bonding,
the maximum single relative reduction reached 98 %.
At lower reductions (up to 75 %), an increase in the
drawing ratio (calculated using the formula p =
= 11/10 was observed with an increase in kinematic
asymmetry to V; /V, = 4 (the preheating temperature
of the workpieces was 320 °C, and the initial total
thickness of the alloys in the composite was 3 mm).
The values of the drawing ratio for the laminated alu-
minum composite 5083/2024 at various roll speed ra-
tios are presented below:

Vi Voo 10 20 25 30 35 40
TR 1.60 3.00 3.58 392 440 5.06
Conclusion

In both Russia and abroad, a limited range of roll
speed ratios is considered in asymmetric rolling.
Thanks to modern equipment, specifically the USF —
400 laboratory-industrial asymmetric rolling mill at the
Zhilyaev laboratory “Mechanics of Gradient Nanoma-
terials”, it has become possible to process metals and
alloys at roll speed ratios V; /V, > 2. Based on the results
of experimental studies on asymmetric thin-sheet roll-
ing and accumulative roll bonding, the following were
demonstrated:

1. Anincrease in the technological plasticity of alu-
minum alloys (as exemplified by alloys 2024, 5083, and
6061) and laminated sheet aluminum composites (as
exemplified by 5083/1070, 5083/2024, and 6061/5083).
In thin-sheet rolling, it became possible to shorten
the technological cycle of cold material processing,
including reducing the number of rolling passes and
annealing without compromising the quality of the
rolled product. It was shown that instead of four stand-
ard passes in the symmetric mode, a single pass in the
asymmetric mode is permissible. In accumulative
roll bonding, a single relative reduction of 98 % can
be achieved without material failure in the asymmet-
ric mode, compared to 42 % in the symmetric mode.
The drawing ratio increased from 1.60 to 5.06 as the
roll speed ratio V; /V, increased from 1 to 4 (as demon-
strated with the laminated sheet aluminum composite
5083/2024).

2. The ability to control mechanical properties
(as demonstrated with hardness) by adjusting the le-
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vel of asymmetry at roll speed ratios V] /V; in the range
of 2to 4.

3. A reduction in rolling force with an increase in
the level of asymmetry: for example, for aluminum al-
loy 6061, the force decreased from 320 to 166 kN as the
roll speed ratio V; /V, increased from 2 to 4, and for
the laminated sheet aluminum composite 6061/5083,
the force decreased from 640 to 490 kN, respectively.
Similar results were observed for other aluminum al-
loys and laminated sheet aluminum composites con-
sidered.

4. Specifics of preparing aluminum alloys for the
production of laminated sheet aluminum composites,
which include proper surface treatment before bonding
and the lack of necessity for additional wire-based bond-
ing of layers.
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