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Under real rolling conditions, plastic strain is accompanied by inevitable uneven distribution of the
metal movement velocities, strains and stresses both in height and width of the actual deformation
zone of the rolled metal. With the simultaneous plastic strain of various metals, there is still a
layered inhomogeneous strain, which is caused by the fact that at the same time in a plastic zone
there are metals possessing different mechanical properties. The inhomogeneity of layered strain
is one of the most important and complex problems of the theory of simultaneous plastic strain.
A considerable number of works, has been devoted to the investigation of this problem, but many
of the issues that we should deal with when developing the technology for the production of clad
products remain unclear. In this article, the authors carried out a study of the process of rolling
high cross-section ingots with cladding plates, using finite element modeling in the DEFORM
software. Relationships are determined to take into account the strain inhomogeneity and the
influence of various parameters on the depth of strain penetration into ingot.
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B peanvubix ycnosuax npoxamxu niacmuieckoe 0eq)opmuposanue ConpogoHcoaemes 00a3ameibHbvlm
HEePasHOMEPHbIM pacnpedeienuem CKopocmetl O8UNCeHUss MeMand, 0eopmayuti U HanpANCeHUll Kax
no evicome, Max u NO WUpUHe PaxKmuieckoeo odaza deopmayuu npokamvleaemozo memaiia. Ilpu
COBMECMHOM NIACMUYECKOM 0eDOPMUPOBAHUY PAZTUYHBIX MEMANN08 03HUKAEM euje U NOCAOUHAS
HepasHOMepHOCmb Oeopmayui, Komopas 00ycio81ena mem, 4mo 6 LAACUYECKOU 30He 00HOBPEMEHHO
HAX00sIMCsl Memaivl, 061a0arouue pasiuiHblMu Mexanuseckumu ceovcmeamu. Hepasnomeprnocmo
NOCAOUHOI Oehopmayuu A615emcst OOHOU U3 CAMBIX BAICHBIX U CTIONHCHBIX 3A0aY MeoPUU COBMECTMHO20
naacmuyeckozo Oegopmuposanus. Hccnedosanuio 3moi npobremvl NOCEAUWEHO 3HAUUMETbHOE
KOIUYeCmeo pabom, OOHAKO MHO2UE 6ONPOCHL, C KOMOPLIMU NPUXOOUMCS CMATKUBAMbCS NpU
paspabomke mexHoI02UU NPOU3BOOCMEA NAAKUPOBAHHBIX U0ENUL, OCIAIOMCS euje He GbIICHEHHBLMU.
B nacmosaweii cmamve agmopamu npogedeno ucciedosanue npoyecca npoKAmKU CIUMKO8 8blCOKO20
ceveHus ¢ RIAHIEeMAaMU Memoo0oM KOHEUHO INEMEHMHO20 MOOEUPOBANUSL 8 NPOSPAMMHOM KOMATIEKCE
DEFORM. Onpeoenenvl 3asucumocmu 01 yuyema HepasHOMepHOCmuU Oepopmayuu u 6IusHue
PA3IUYHBIX NAPAMEMPOs8 HA 27YOUHY NPOHUKHOGEHUS dehopmayuu 8 CIUMOK.

Kniouesvie cnosa: deqbopMauuﬂ, alloOMUHUesvle Cnjiaeswl, ModefmpoeaHue MemoOOM KOHEUHbIX
2JIEMEHM 08, IWZCZKMpOGClHHbliZ CIUMOK.

Introduction

Commercially produced sheets and plates of high-strength aluminum alloys 2XXX, 5XXX,
7XXX, etc.) are subjected to aluminum cladding. Researches show, that thin aluminum cladding
enables complete elimination of metal edge and side walls cracking and tearing. Aluminum cladding
protects aluminum alloys from corrosion, improved sheet rolling, facilitates roll bite.

Silumin clad aluminum and aluminum alloy articles can be subjected to brazing [1]. Cladding,
applied in sheets and plates production, is divided into three thickness-based categories: technological,
protection and construction.

Technological cladding thickness, normally, does not exceed 1,5 % of the sheet (plate) thickness,
it is applied only for rolling conditions improvement.

Protective aluminum cladding thickness is 2,5-4 % of sheet or plate thickness, it protects metal
from corrosion. Construction aluminum cladding thickness is 6,5-10 % of the sheet thickness; this type
of cladding is an attachment material [2].

Out of all cladding materials the most rigid requirements exist for the construction cladding: it

shall have specific thickness, as it determines the parts strength [3]. It is known, that with soft cladding
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layer thickness increase, layerwise deformation non-uniformity increases [4]. Construction cladding
distribution along the strip surface is less uniform compared to protective and technological cladding.
It is especially critical for the ingots with the thickness above 500 mm. cladding thickness will be up
to 28 mm in this case. The issues, associated with rolling practice development for this composition
(mismatch of nominal and actual cladding thickness values, excessive blistering, non-uniform cladding
layer distribution, rolling force increase with process efficiency drop due to pass reduction decrease)

make this task up-to-date: large size metal clad ingots rolling practice study.

Process modelling

DEFORM software, enabling metal pressure forming processes modelling using FEM, will be
applied for this study. Modelled experiments variables are listed in the Table 1.

The process is symmetrical, therefore for the purposes of the study we’ll consider only top portion
of the slab and a single roll. It is known, that insignificant widening (max 50 mm) occurs during
1400 mm — 2000 mm wide ingots rolling [5], therefore we’ll apply 2D mode for modelling, with
stressed-strained diagram — plane strain. Grid size both for cladding and ingot is selected based on
FEM discretization, corresponding to at least 5 rows in a clad plate (see Fig. 1). Clad plate is fixed
to the ingot, i.e. clad plate bottom surface speed is equal to the ingot top surface speed. Roll and
metal friction coefficient is selected considering running the initial passes without emulsion, with high

friction coefficient u=0,4 (Coulon law).

Results analysis

During high section strip rolling the neutral line with the metal speed equal to the roll linear
speed, has curved shape due to non-uniform deformation (Fig. 2). On the line right-hand side the metal
speed is lower, than the roll speed, while on the left-hand side it is higher.

The situation changes dramatically during clad metal rolling.

Let’s review two cases, when clad metal is not welded to the ingot yet. This stage is characterized
by soft layer deformation, while hard layer is subjected to minor elastic deformation. Due to stretching
the clad plate deformed part speed exceeds the roll speed, while non-deformed cladding plate part
speed is lower, that the roll speed. Cladding plate portion outside the strain center and attached ingot

move like a solid body with the speed exceeding the roll line speed (as stated earlier) (Fig. 3).

Table 1. Experiments plan

. . s
Cladding thickness, Ingot thickness, mm Roll diameter, mm Os / a¥ Reduction, mm
mm og
0,5,13,15,17,22, | 526,516, 500, 496,
25,28 492, 482, 476, 470 900 04 10
28 470 900 0,4 20, 25, 30, 40
28 470 900, 1000, 1200, 1400 0,4 10
0,2; 0,3; 0,4; 0,5;
28 470 900 0.55: 0.6: 0.7 10

*Ug and 0. .SH —yield strength of soft (cladding) and hard (base ingot) components of the package.
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Fig. 1. Roll, clad sheet, ingot and pusher in the first simulation step
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Fig. 2. Neutral section position during high section ingot rolling
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Fig. 3. Speed fields during rolling of ingot with cladding plate: left — cladding plate is not welded to the ingot;
right — cladding plate is welded to the ingot

In case ingot is rolled with welded cladding plate, under specific conditions, when
deformation does not reach the ingot, the ingot cannot adopt the cladding plate speed on the
deformation center exit, in this case either the bond is broken, or cladding plate speed is brought
down to the ingot speed (due to their rigid attachment), therefore metal volume per second on
the deformation center entry exceeds the metal on the exit side, causing ridge formation on the
entry side (Fig. 4).

Such phenomenon causes steady rolling force increase with cladding plate thickness buildup,
until max stand drive allowable load is exceeded.

In order to avoid this negative effect, the reduction shall be selected to ensure compression
deformation penetration to the ingot. The figures below illustrate the effect of various parameters on

deformation penetration into the ingot.
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Fig. 4. Ridge picture
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Fig. 5. Plastic deformation penetration depth as the function of cladding plate thickness (reduction 10 mm, rolls
diameter 900 mm, package thickness is 526 mm) [6]

The data, presented in Fig. 5, enable evaluating the cladding plate thickness effect on the deformation
penetration depth in the ingot. It is obvious, that during high ingot rolling plastic deformation does
not penetrate the entire ingot section, and its middle section is left intact (solid line in the diagram
shows the results of modelling ingot rolling without clad material). In the case of 5-13 mm cladding
plate application, plastic deformation penetrates the entire ingot thickness, but further cladding plate
thickness increase results in the ingot plastic zone reduction and vanishing. With cladding plate
thickness of 17 mm and over stress intensity — yield strength ratio (5/05") along the entire ingot section
is below 1, therefore, plastic deformation does not occur in the ingot during the first pass. The cladding
plate itself is significantly deformed (at constant reduction value the clad plate deformation level is
in direct proportion to the cladding plate thickness). Such scenario causes extensive cladding plate
elongation, see Fig. 6.

As follows from the diagram below (Fig. 8), reduction increase does not produce the desired
effect, deformation penetrates into the ingot at 25 mm reductions only.
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Fig. 6. Excessive cladding plate deformation

1,05
109 men
1 * ' E.h-dl:l i
23 mm Fr— .
0,95
Ve T
05 .
‘n’ i / "._.I Ah= /2% . —
& |
0,85 {
| 'h
[ 3\\\ \ﬁsn mm e
LS
0B .'l H\‘HH - ._1_
078 f e Bh=25 rrl\r;\\ T
| -— - e,
I} —— Ty e
100 150 200 250

o7
50
Distance from Ingot surface, mm

Fig. 7. "'/ _u variable change depending on reduction value (ingot thickness 470 mm, cladding plate thickness

28 mm, roll diameter 900 mm)
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Fig. 9. UL/GSH variable change depending on GS/JSH

It is known, that work roll diameter increase facilitates deformation penetration into the ingot [7].
Fig. 9 shows deformation penetration into the ingot as function of roll diameter variability. It is seen
from the diagram, that plastic deformation penetrates into the ingot (470 mm thick with up to 28 mm
thick cladding plate) with roll diameter of 1200 mm, and passes through the section with 1400 mm
diameter.

Another variable of interest is the cladding plate yield strength / ingot yield strength % / oH (see
Fig. 9), in case 2XXX, 5XXX, 7XXX type hard alloys are rolled at 400 °C this ratio may vary \fvithin
0,3+0,4 range.

Conclusion

The study covers the effect of the main rolling parameters on compression deformation penetration
through the ingot section.

The min required reduction value of 25 mm is established for metal clad ingot rolling (as scalped
thickness is 470 mm, clad plate is 28 mm), with GTM/ o1=0,4 ratio and 900 mm roll diameter.

To ensure deformation penetration into the ing(T)t, it is recommended to use rolling mills with

1200-1400 mm diameter rolls for rolling the ingots with cladding plates thickness over 20 mm.
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