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CHCTEMBI, TO TAKOH MOUCK OY/ET BBIMOJHITHCS TOYHEE.
IIpumenss CAD u PDM cucreMsl HCIONB3YyS IPO-
TPAaMMHBIC CPEICTBA U OIPEICICHHBINA MOIXOSIIUIA
TEXHOJOTUYCCKUIA MPOLECC, MBI 3HAYUTEIHHO OOJIer-
9aeM MPOIIeCcC BHIOOpA ONTUMATBHBIX 3HAYCHUH U ONITH-
MaJIbHOTO BBIOOpa MAapIIPYTHON KapThl WU Mpere-
JICHTA.

B pamkax HCIONB30BaHUS TPEThErO (hakTopa —
NPUMEHEHHE MATTePHOB, CIIEAYET CKa3aTh, YTO B CO-
BPEMEHHBIX CHCTEMAaxX YNPABICHUS XMMUYECKUX IMPO-
[[ECCOB DJICKTPOXUMHUYECKOTO MPOU3BOJCTBA MPHUCYT-
CTBYET M aHAJHMTHKA CPEJCTB MMPOM3BOICTBA MO Mapa-
MeTpaM 3arpy3KH, HO HE TEXHHUYECKHM IapameTpam.
CucTema MIaHUPOBaHUS U MOJTOTOBKU MPOU3BOICTBA
U CHCTEMa YMpPaBICHUS 3JICKTPOXUMHYCCKOTO MPOU3-
BOJICTBA JIOJDKHBI B3aMMOJICHCTBOBATh MEXIY COOOI
100 HAXOIUTHCS B OJTHOM €TUHOM MH()OPMAITHOHHOM
npoctpaHcTBe. [10CTOSHHBIN 0OMEH JaHHBIMH MEXITY
CUCTEMOM IJIAHUPOBAHUS U MIOJITOTOBKU MPOU3BOJICTBA
U CHCTEMOM YNPABICHUS dIEKTPOXUMHICCKUM POU3-
BOJICTBOM SIBJISIETCS OOSI3aTENBbHBIM YCIOBHEM, KOTO-
past O3BOJIUT MCIIONB30BATh PE3YJIbTAThI IPOCKTUPO-
BaHHs B IPOM3BOJICTBE U MOJIy4aTh OOPATHYIO CBSI3b B
MPOLIECCEe U3TOTOBJICHHS OT UCIIOJIHUTENCH. 3aBUCHMO-
CTH pabOThI CUCTEM MPOEKTHPOBAHHS COIPOBOIUTEIb-

HOW JOKYMEHTAIIUX OT CHCTEM YIIPaBIICHUS TPOU3BOJI-
CTBOM HAa CETOAHSAIIHWAN JeHb HENOCTaTOYHO M3~
BECTHBI, HO TOIIBITKM IIPOBOANTH aHAIN3, HAIpHUMeEP,
3arpy3ku 000pyI0BaHHMS, YKa3bIBAIOT Ha IieJIecoo0pas-
HOCTh O0BEJMHEHHSI KOHTYpa pa3pabOTKH CONPOBOIH-
TENBHOH JJOKYMEHTAIUHU C KOHTYPOM YIIPaBJIEHUS IPO-
W3BOJICTBOM HPEANPHUSTHS.
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PO3IIUPEHHS ITPU BAJIBIITIOBAHHI 3AI'OTOBOK B PI3BHUX KAJIIBPAX

1lgeus JI1.B.

KaHOUOam mexHiuHUX HayK, 0oyeHnm Kapeopu azpoindicenepii i mexHiuHo2o cepgicy
Binnuyvruii nayionanvnuti acpapnuii ynigepcumem, Ykpaina

EXPANSION DURING ROLLING OF PREPARATIONS IN DIFFERENT CALIBERS

Shvets L.

PhD, Associate Professor, Department of Agricultural Engineering and Technical Service

AHoTanis

Vinnytsia National Agrarian University, Ukraine

[Tpu excriepuMEHTaIbHOMY JIOCHIPKEHH] BaJIbIIOBAHHS 3arOTOBOK 3 JIOMIHIEBHX CIUIaBiB, BCTAHOBJICHO,

10 B IHTEPBaIi TEMIIEPATyp HArPiBY BajbiOBaIbHUX mTaMiniB 250 — 350°C i mocTifiHOMY CTyIIeHIO Aedopmairii,
PO3IIMPEHHS 1 THCK MeTally Ha BAJIKH IPAKTHYHO HE MIHSFOTHCS HE3aJICHKHO BiJl TOTO, Jie 3arOTOBKH JAe(hopMy-
10ThCS (TTaIKi BaJIKM, KamiOpH pi3HUX cucTeM). A 3MiHa CcTymeHiB nedopMarliii MiHsge X 3HAYEHHS IO MOSICHIO-
€ThCA BIZCYTHICTIO| 3MIITHECHHS METay 32 TaHUX YMOB Je(opmarii.

Abstract

In an experimental study of rolling of billets of aluminum alloys, it was found that in the range of heating
temperatures of rolling dies 250 - 350 ° C and a constant degree of deformation, expansion and pressure of metal
on the rolls do not change regardless of where the workpieces are deformed (smooth rolls, calibers systems). And
the change in the degree of deformation changes their value due to the lack of hardening of the metal under these

conditions of deformation.

KurouoBi ciioBa: rapsiaa nedopmaris, BaJBIIIOBAaHHS 3ar0TOBOK, AJTFOMiHI€B] CIUTaBH.
Keywords: hot deformation, rolling of workpieces, aluminum alloys.

Introduction. The question of the correct ap-
proach to the definition of expansion - one of the main
in the calculation of calibers. The accuracy of its deter-
mination determines the size (partly the shape of the
gauges), the choice of the degree of deformation and
the required coefficients of drawing, the number of
transitions, the possibility of rolling in the subsequent
stream, power parameters, surface quality of the rolled
workpiece, and others.

Expansion when rolling blanks of round cross sec-
tion in oval calibers.

Rolling in an oval stream both in intermediate, and
in final is very widespread. When rolling blanks for
stamping, the following caliber systems are most often
used: circle - oval; circle - oval - square; circle - oval -
rhombus - square; circle - oval - circle; circle - oval -
rhombus - circle, etc.
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Note that the most significant factors influencing
the expansion in the rolling process of workpieces in
oval calibers are the degree of deformation and radius
of curvature of the caliber in the plane perpendicular to
the axis of rolling, as well as the ratio of geometric
shapes of the gauge and the workpiece. caliber to the
radius of the workpiece. In contrast to rolling in smooth
rolls, the existing non-uniformity of deformation in
width and height of the workpiece, caused by the cur-
vature of the oval caliber in cross section, greatly com-
plicates the problem of determining the movement of
metal in the deformation center.

To determine the influence of the degree of defor-
mation, the heating temperature of the rolling dies on
the expansion, blanks of the above aluminum alloys

with dimensions @14 x 150 mm heated to 470 ° C [1]
were rolled in oval calibers (table 1) with degrees of
deformation 30, 40 and 50%. Rolling dies were heated
sequentially to a temperature of 20, 50, 100, 150, 200,
250, 300, 350, 400, 450, 500 ° C. The temperature was
measured with a chromel-alumel thermocouple and
regulated using a KSP recorder. The rotation frequency
of the rolls was 12 min. Methods of optical and elec-
tron microscopy, X-ray microanalysis, and mathemati-
cal statistics were used in experimental studies.

The coefficient of friction between the metal of the
workpiece and the surface of the rolling dies, deter-
mined by the method of maximum grip angle, without
the use of lubricant and the roughness of the surface of
the rolls is 0.3... 0.32.

Table 1
Dimensions of oval calibers for rolling blanks from aluminum alloys with the sizes @14x150 mm
The ratio of the axes, | Height of caliber h, Caliber width b, Caliber radius R, | Extraction coefficient
a mm mm mm A
2,0 9,3 18,65 11,70 1,45
2,4 8,3 19,9 11,95 1,55
2,8 7,1 20,1 12,00 1,65

Figure 1 shows the dependences of the change in
expansion on the degree of deformation and heating
temperature of the rolling dies when rolling blanks of
round cross section with dimensions @14 x 150 mm of
the above alloys in oval calibers. Analysis of experi-
mental data presented in table. 2 and in fig. 1 shows that
with increasing the heating temperature of the rolling
dies to 250 ° C, the values of expansion decrease rela-
tive to the initial cross section of the workpiece during
deformation in rolling dies having a temperature of 20
° C, respectively, 17; 26 and 38%.

The nature of the behavior of the dependences of
the expansion on the degree of deformation and the

heating temperature of the rolling dies in the range of
20 - 250 ° C (Fig. 1) can be explained as follows. At a
stamp temperature of 20 ° C and degrees of defor-
mation of 30, 40, 50%, the contact area of contact of
metal with rolling dies is small, considering hire of
round preparation of @14 mm. In this case, the axial
compressive stresses directed along the deformation
center are insignificant in comparison with the com-
pressive stresses acting in the transverse direction, so
there is an increase in expansion. The decrease in ex-
pansion with increasing heating temperature of the roll-
ing dies is due to the increase in the plasticity of the
treated metal and the flow of softening processes.
Table 2

The value of the expansion relative to the initial cross section of the workpiece depending on the degree of defor-
mation and the heating temperature of the rolling dies ty

Temperature, tv |

20 °C | 250 °C | 450 °C I 500 °C
E =30%

2,38 2,11 1,96 15

Expansion AD, mm | & |: 40% |

3,64 | 3,33 | 3.2 | 2,74
& =50%

532 | 4,9 | 4,76 | 4,34

In the range of heating temperatures of rolling dies
250 - 350 ° C at a constant degree of deformation, the
expansion practically does not change, and the change
of degrees of deformation changes the absolute values
of expansion by 11.3; 9.3 and 8.6% relative to the initial
cross section of the deformable workpieces, respec-
tively, with degrees of deformation of 30, 40 and 50%.
This is due to the course of softening processes, achiev-
ing equality of axial compressive stress directed along
and across the center of deformation, as well as the
equality of displaced volumes in these directions and
the absence of areas of difficult deformation.

With increasing temperature of heating of rolling
dies to 450, 500 ° C and rolling of workpieces with de-
grees of deformation of 30, 40 and 50%, the values of
expansion relative to the initial cross section of the
workpiece decrease by 21,4; 13,7 i 11,8 % (450°C),
58,7, 32,8 1 22,6 % (500°C). The reduction of expan-
sion is due to the increase of axial compressive stresses
directed along the center of deformation, the fuller
course of the softening processes, the absence of zones
of difficult deformation.
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Fig. 1.
Dependence of expansion on heating temperature of rolling dies at rolling of preparations of round section in oval
calibers (degree of deformation: 1 - 30%; 2 - 40%; 3 - 50%, the heating temperature of the workpieces 470 ° C)

The analysis of the change in expansion showed
that with increasing heating temperature of the rolling
dies, the values of expansion decrease. Thus, the reduc-
tion of expansion at heating temperatures of rolling dies
to 450, 500 ° Crelative to t, = 250 - 350 ° C is at degrees
of deformation: 30 % - 7,1; 40% - 4,0 and 21,5 %; 50
% - 3,0 and 12,9 % respectively. The decrease in ex-
pansion at t, = 500 ° C relative to t, =450 ° C at degrees
of deformation of 30, 40 and 50% is 30,7; 16,8 and
9,8%.

From the analysis of fig. 1 shows that changing the
degree of deformation from 30 to 50% increases the
value of expansion, without changing the nature of their
dependence on the heating temperature of the rolling

dies. It was noted above that with increasing degree of
deformation, the volume of the metal in width, and,
consequently, expansion, other things being equal, in-
creases.

Experiments have shown that the best coefficients
of extraction and expansion without the formation of
burrs in the rolling of billets of aluminum alloys are
provided with the ratio of the axes of the oval caliber a
=2,6 =+ 4,.

Figures 2-1 and 2-2 show the macrostructure of
cross sections of rolled billets (AK6 alloy, degree of de-
formation 50%) at a temperature of 470 ° C in oval cal-
ibers and different heating temperatures of rolling dies.
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Fig. 2 - 1. Macrostructure of the cross section of rolled workpieces
(alloy AK6, t = 470 ° C, ¢ = 50%) at different temperatures of the rolls:
a-20°C,b-150°C,

Fig. 2 - 2. Macrostructure of the cross section of rolled workpieces
(alloy AKG6, t =470 ° C, ¢ = 50%) at different temperatures of the rolls:
€-200°C,d-250°C,e-300°C,f-370°C

Comprehensive studies (- macro, - micro, mechan-
ical properties) of the quality of rolled billets, in condi-
tions close to isothermal, met the requirements of tech-
nical documentation.

In fig. 3. the macrostructure of longitudinal and
cross sections of rolled blanks made of AK®6 alloy with

dimensions @14 x 150 mm, corresponding to the re-
quirements of technical documentation is presented.
Rolling was performed at temperatures of blanks and
rolling dies equal to 450 © C with a degree of defor-
mation of 50%.
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Fig. 3. Macrostructure of longitudinal (a) and transverse (b) sections of rolled workpiece in oval caliber: alloy
AKG6, O14x150; degree of deformation 50%, temperature of blanks and rolling dies 450 ° C

Investigation of ductility of D16 alloy reinforced
with filamentary crystals of SiC material under isother-
mal and near-deformation conditions/

Experimental studies of the ductility of heavily de-
formed aluminum alloy D16 reinforced with filamen-
tary crystals of SiC material were performed.

Rolling of workpieces with dimensions @14 x 150
mm was performed in oval calibers at a temperature of
460 ° C and strains of 30, 40 and 50%. The temperature
of the rolling dies was 20, 200, 250, 300, 350, 400, 450
° C. The workpieces were heated in an electric furnace
chamber to a temperature of 460 ° C and rolled in an
oval caliber at a degree of deformation of 30%. At the
temperature of the rolling dies equal to 20 ° C and the
coefficient of drawing 1.45, the workpiece during de-
formation stratified in the longitudinal and transverse
directions, Fig.3-1, a.

Metallographic studies showed that the fracture
was not associated with the initial structure, which had
no deviations from the technical requirements and the
blanks for the experiments were taken from a rod of one
melting.

Increasing the heating temperature of the rolling
dies to 200 ° C avoided the appearance of strata shown
in Fig. 3-1, b. However, there were many cracks in dif-
ferent parts of the rolled workpieces, 3-17 mm long, 0,4
— 2,6 mm deep, and the caliber overflow along the de-

tachable line up to 3,6 mm on the side. At the tempera-
ture of the rolling stamp 250 ° C, the number of cracks,
as well as their size decreased significantly in length to
2 - 9 mm and were observed mainly at the end of the
rolled workpieces up to 32 mm long. Caliber overflow
along the detachable line remained the same, ie up to
3,6 mm per side. Increasing the temperature of the roll-
ing dies to 300 ° C led to the elimination of cracks along
the entire core of the rolled blanks, except for the end
of the rolled blanks in the area up to 10-17 mm from
the end. Caliber overflow was up to 3—-3,2 mm per side.
At the temperature of rolling dies 350—400 ° C no de-
fects were observed, except for overflow of calibers up
to 2,2-2,6 mm. When the temperature of the rolling
dies increased to 450 ° C, overflow of calibers up to 1,6
- 2 mm per side was observed, but there were no defects
in the form of cracks.

On rolled blanks made at a temperature of rolling
dies in the range of 350-450°C and a degree of defor-
mation of 40% (coefficient of drawing 1.55), defects in
the form of cracks were not observed, but there was
overflow caliber up to 1,7-2,2 mm per side, which does
not allow rolling in the next transition. Rolling of work-
pieces at the temperature of rolling dies in the range of
350-450 ° C and the degree of deformation of 50% (ex-
traction coefficient 1,65) showed that defects of surface
and macrostructure were not detected, but there was an
overflow of caliber up to 1,8 — 2,3 mm side.
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Fig. 3 - 1 Rolled blanks of D16 alloy reinforced with SiC filamentary crystals:
a - at a temperature of a rolling stamp of 20 ° C
and degree of deformation of 30%;
b - at a temperature of the rolling stamp 250 ° C
and a degree of deformation of 50%.

Previous experiments have shown good ductility
of aluminum alloy AK6 under conditions of isothermal
deformation, which can not be said about the alloy D16,
reinforced with filamentous crystals of SiC material. It
is established that the heating temperature of rolling
dies, the degree of deformation and the ratio of geomet-
ric shapes of the caliber and rolled workpiece play a
significant role in the manufacture of high-quality
rolled workpieces with isothermal deformation.

Experiments have shown that the calibration cal-
culations are performed according to the method devel-
oped for rolling billets of aluminum alloys, require its
adjustment for the manufacture of high-quality rolled
billets from D16 alloy reinforced with filamentary crys-
tals of SiC material.

Expansion during rolling of blanks of oval section
in rhombic calibers.

Expansion in rhombic calibers depends on their
shape and the degree of non-uniformity of deformation
during rolling of workpieces in these calibers. The in-
clination of the side walls of rhombic calibers reduces
the expansion compared to the free expansion when
rolling workpieces in smooth rolls.

To determine the expansion, the workpiece after
rolling in oval calibers (Table 1), with the dimensions
specified in table. 3, rolled in rhombic gauges having
angles at the top of 105 °, 110 °, 115 ° and the same
height h, = 8,4 mm.

Table 3
The dimensions of the cross section of the workpieces obtained after rolling in oval calibers
Teminepa- Typy|Typ-arenra| BaibiioBo4-| HbIX| Crynisb gedopmarii €
nrramis, °3|i3| 30 % 40% 50%
Temperature Width, Height, |Width,| Height, |Width,| Height,
tv,°C|| mm mm mm mm mm mm
20 16,36 9,8 17,50 8,7 19,0 7.4
50 16,31 9,8 17,45 8,7 18,9 7,4
100 16,23 9,8 17,35 8,7 18,8 7.4
200 16,15 9,8 17,23 8,7 18,65 7,4
250 16,13 9,8 17,20 8,7 18,60 7,4
300 16,13 9,8 17,20 8,7 18,60 7,4
350 16,13 9,8 17,20 8,7 18,60 7,4
400 16,03 9,8 17,10 8,7 18,50 7,4
450 15,70 9,8 16,70 8,7 18,00 7,4

The results of the experiments are presented in
Fig. 4 From the analysis of this figure it is seen that the
nature of the dependences of the expansion on the de-
gree of deformation and heating temperature of the roll-
ing dies is similar to that described previously. As the
heating temperature of the rolling dies increases to 250
° C, the expansion of the workpieces decreases relative

to the expansion during deformation in rolling dies hav-
ing a temperature of 20 ° C by 12.85%; 18.2%; 8.8%
with degrees of deformation 30, 40, 50%, respectively.

In the range of temperatures of 250 - 350 ° C ata
constant degree of deformation of expansion practically
does not change, and change of degree of deformation
to 40 and 50% relative to 30%, accordingly increases
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absolute values of expansion by 63,6 and 41,4%. Ex-
pansion at a degree of deformation of 50% relative to
40%, increases the absolute values by 65%.

0,301

0,26

0,22

0,18

0,144

0 100

200 300 400t

Fig. 4. Dependence of expansion at rolling of preparations of oval section in rhombic calibers on temperature
of heating of rolling stamps and degree of deformation: 1 - 30%; 2 - 40%; 3 - 50%.

A further increase in the heating temperature of the
rolling dies to 450 © C leads to a decrease in the expan-
sion of the workpieces compared to the expansion during
deformation in rolling dies having a temperature of 20 °
C by 58; 51.2 and 34.3%, and for the values of expansion
at heating temperatures of the stamps 250 - 350 ° C by
40; 27.9 and 23.75% with degrees of deformation of 30,
40, 50%, respectively.

Influence of rhombic caliber angle on expansion
during rolling of oval section blanks.

The aim of further experimental studies was to de-
termine the effect of rhombic caliber angle on the expan-
sion during rolling of oval sections under conditions of
isothermal deformation.

To determine the expansion, the workpiece after
rolling in oval calibers with the dimensions specified in

table. 4, rolled in rhombic calibers having angles ﬂat

the apex of 105 °, 110 °, 115 © and the same height hy =
9,4 mm.

During the experiments, blanks of the above alumi-
num alloys with dimensions @14 x 150 mm were heated
in a chamber furnace to a temperature of 470 ° C [1] and
rolled in dies having a temperature of 20 - 450 ° Con a
system of calibers circle - oval - rhombus, the dimen-
sions of which are given in table. 4.

Table 4
Dimensions of oval and rhombic calibers, mm
Ne sample Caliber radius, R Height, h Angle ﬂ ° at the vertex of
mm mm the rhombus
Oval calibers
1 11,7 9,3 -
2 11,9 8,3 -
3 12,0 7,0 -
Rhombic calibers
1 - 9,4 105
2 - 9,4 110
3 - 9,4 115

In the table. 5 and in fig. Figure 5 shows the de-
pendences of the expansion on the degree of defor-
mation and the angle of the rhombic caliber when roll-
ing the workpieces with dies heated to a temperature of

250-350 ° C. Rolling was performed at a heating tem-
perature of the workpiece 470 ° C. The analysis of the
results of the experiments shows that with increasing
degree of deformation and angle at the apex of the
rhombic caliber expansion increases.
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Table 5
Dependence of the extension on the angle at the top of the rhombic caliber
Relative expansion Ne sample Rhombus angle, $°
Ab ) 105°| 110°| 115°]
1 0,225 0,32 0,405
b 2 0,25 0,355 0,457
06.3. 3 0,275 0,365 0,495
Ab
bOB.3.
0,5
0.4
0,3
A
0,2

105

110 115 B°

Fig. 5. Dependence of expansion on the angle of rhombic caliber when rolling blanks with stamps heated to a tem-
perature of 250 - 350 ° C (1, 2, 3 - rolled blanks of 1, 2, 3 oval calibers)

In fig. 6 shows the dependence of the expansion on
the heating temperature of the rolling dies and the angle
of the rhombic caliber when rolling oval blanks in the
calibers given in table. 3.

The results of the analysis of the experiments pre-
sented in table. 6 and in fig. 6 also confirm the regularity
that with increasing heating temperature of the rolling
dies the expansion decreases, and with increasing angle

at the top of the rhombic caliber increases. This is ex-
plained by the fact that with increasing heating tempera-
ture of the rolling dies, the expansion decreases due to
the increase in the plasticity of the treated metal and the
flow of softening processes. The increase in expansion
with increasing angle at the top of the rhombus is due to
a decrease in lateral pressure from the walls of the rhom-
bic caliber and, as a consequence, an increase in the vol-
ume of metal moved in the transverse direction.

Table 6

The value of expansion depending on the heating temperature of the rolling dies tv and the angle at the top of the
rhombic caliber (data are given on measurements of samples 2, 5, 8, fig. 6)

20 °C | 250 °C | 450 °C
B =105
_ 0,3 | 0,25 | 0,18
pog p-v
0,42 | 0,38 | 0,32
[ =115
0,56 | 0,48 | 0,42
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In the range of heating temperatures of rolling dies
250-350 ° C at a constant degree of deformation, the
expansion practically does not change, and the change
of degrees of deformation changes the absolute values
of expansion. This is due to the course of softening pro-
cesses, achieving equality of axial compressive stress
directed along and across the center of deformation, as

Ab
bo |

well as the equality of displaced volumes in these di-
rections and the absence of areas of difficult defor-
mation. This pattern was observed in previous experi-
ments in the rolling of blanks of round cross section in
smooth rolls and oval calibers, under conditions of iso-
thermal and close to it deformation.

0,1 . :
50 100

150 200 250 300 350 400 450 t,°C

Fig. 6. The dependence of the expansion on the heating temperature of the rolling dies during rolling:

1, 2, 3 - blanks of 1, 2, 3 oval streams in rhombic
caliber with an angle at the apex of 105 °;

4,5, 6 - blanks of 1, 2, 3 oval streams, respectively,
in a rhombic caliber with an angle at the apex of 110 °;

7,8,9-blanks of 1, 2, 3 oval streams, respectively,
in a rhombic caliber with an angle at the apex of 115 °.

Experiments on the above method on blanks of
aluminum alloys AK4, AK8, AMg6, AMC with dimen-
sions @ 18, 20, 25 x 150mm showed that the behavior
of the dependences of expansion on the degree of de-
formation and heating temperatures of rolling dies and
blanks, other things being equal, similar to rolling in
smooth rolls and calibers of different systems, fig. 1, 4,
6.

Comprehensive research (- macro, - micro, me-
chanical properties) of the quality of rolled blanks made
under conditions of isothermal and close to it defor-
mation, met the requirements of technical documenta-
tion.

Formulas for determining the expansion during
rolling of workpieces, under conditions of isothermal
and approximate deformation

Previous experimental studies to determine the ex-
pansion during rolling of blanks under isothermal and
approximate deformation showed that the nature of
changes in these parameters depending on the heating
temperatures of rolling dies and blanks, as well as the
degree of deformation during rolling in smooth rolls

and calibers of different systems. Only their quantita-
tive ratios change, depending on the degree of defor-
mation and the geometric ratios of caliber and rolled
workpiece.

Analysis of experimental data shown in Fig. 7
showed that the difference in the values of expansion
obtained by rolling workpieces in rolling dies having a
temperature of 20 © C and heated to temperatures of
250-350 © C (interval characterized by constant values
of expansion - Fig. 1, 4, 6) is for any degree of defor-
mation of the workpiece in the study area (30-50%) the
value determined by the formula

%_% = A—h(tga—tgal) (1)
bo bo ho

where A h — absolute compression, mm;
ho, bol| — height and width of the initial workpiece,
mm;

Aby, Ab350| |- expansion obtained by rolling
workpieces in rolling dies having a temperature of 20 °
C and 250-350 ° C;

¥, tg & 1 ||- angles of inclination, which
determine the dependence of the expansion on the de-
gree of deformation during rolling in dies having a tem-
perature of 20 ° C and 250-350 ° C.

For a round blank bg = hg||, then

Abax-Absso= Ahtger -tgor ) =Ah- K" |(2)

yut
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u ..
where Kym- temperature coefficient of expan-

sion, which depends on the heating temperature of the
rolling dies.

Ah . KZW - the value that determines the differ-

ence between the expansion obtained by isothermal and
traditional rolling.

Ab
D, |
0.4 1
03 /
%4
0.2 7 /c
// a |\,
“loz 03 o4 Ah
D[!I

Fig. 7. Dependence of expansion on degree of deformation at rolling of preparations of round section in the
smooth rolls having temperature:
1-20°C;2-250-350°C.

When rolling blanks with a 90 ° edging in systems
of calibers, oval - rhombus, oval - square, oval - rhom-
bus - circle, etc. absolute compression is expressed as
the difference between the width of the workpiece bz
obtained after rolling in the previous caliber and the
height of the subsequent hk. Therefore, the values of
expansion during rolling in dies heated to 250-350 ° C
will be determined similarly, but taking into account
the ratios of geometric shapes of caliber and rolled
workpiece

Aba-Abao= (b, —h, )K= Ah-KY i(3)

When rolling in isothermal conditions and approx-
imate deformations, the values of expansion deter-
mined by the formulas used in traditional rolling are
subject to adjustment taking into account the values ob-
tained in the calculation by the above method. This
means that when rolling workpieces in smooth rolls and
calibers, their width must be reduced according to the
values of the values determined by formulas (1 - 3).

In fig. Figure 8 shows the dependences of expan-
sion on the degree of deformation during rolling of
workpieces with rolling dies having a temperature of 20

° C and 250-350 ° C. The values of tg X , tg (X 1, are
easily found in this graph.

In [6], formulas for determining the expansion in
the traditional rolling of aluminum alloy billets in
smooth rolls and various caliber systems, which are
part of a mathematical model for calculating the expan-
sion in the rolling of billets in conditions close to iso-
thermal.

Following formula (3), the expansion during roll-
ing of billets of aluminum alloys under conditions of
isothermal deformation and close to it in the calibers of
different systems will be determined by the formulas:

- blanks of round section in oval calibers

06 06 d - hg@ -

Ab=K3:\[(d —h,,)0,5D; —
(d-h,)KS, @)
where - expression (d — ho6 )K"y'm - the value

that determines the difference between the expansion
obtained by isothermal and traditional rolling;
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Ab
bs 2

0,5 /
0.4 /

h o // "

0,2 ; 7
1

=

0 0,1 0,2 0,3 0,4 Ah
b
Fig. 8. Dependence of expansion on the degree of deformation during rolling of workpieces in rolling dies having a
temperature of:
1, 17- 20 ° C (rolling of a round workpiece in oval caliber);
2,2"-250 - 350 ° C (rolling of an oval workpiece in rhombic caliber).

As a result of processing of experimental and set-
tlement data the following formula for definition is re-

. 08
ived K
ceived Y

Klylm - temperature coefficient of expansion, de-
pending on the heating temperature of the rolling dies.
K;Z— coefficient that takes into account the im-

pact on the expansion of the non-uniformity of defor-
mation in the width and height of the workpiece de-
pending on the curvature of the oval caliber, Fig.9, a.

K}, = —\/O, 0582:° —0,02123;+0,2015 +0,2265: — 0,049 ©®)

hoe - height of oval caliber, mm

d - diameter of the deformable workpiece, mm;
D?° - rolling diameter of oval caliber, mm;

D =A-(3)h, | ®)
A - intercenter distance of rolls/
- oval blanks in rhombic calibers
D” b —h
_ 08 08 3 P u
A0 = K3, (b, =y ) 222 (6, K, -

06 3

where K;Zp - coefficient that takes into account the effect on the expansion of the non-uniformity of de-

formation along the width of the caliber when rolling an oval workpiece in it, Fig. 9, b;
boe 5" width of the oval workpiece, mm;

h,| - height of rhombic caliber, mm;

D,f— rolling diameter of rhombic caliber, mm
P _
D! —A—O,Shp. ®)

As a result of processing of experimental and settlement data the formula for definition is received K;Zp
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K% =./2-0,000633y° +0,00626 - 0,00336 +0,00553y7 +0,0437 ()

yui p

where y = aoy 5 aps .

Here aos5and a p, |, - the ratio of the axes of the oval and rhombic blanks.
- oval blanks in square calibers

“b,,,~h
Ab = K;; K6 \/(bos 3 hK@ ) [)2,{ 06; - (b06,3 - th )K;m (10)

where K;Z < - COefficient that takes into account the impact on the expansion of the non-uniformity of deformation

along the width of the caliber when rolling an oval workpiece in it, is determined by formula (11) or by Fig. 9, c;
h. - height of square caliber, mm;
- rolling diameter of square caliber, mm;

D - rolling diameter of square caliber, mm;

K2, =0,751a? —2,627a,, +2,327 +0,945a,, 1,187, 1

Vi K68

D =A-(c?-0861)/(1,41c-083T), (12)

where r - radius of rounding the corners at the vertex, mm;
- rhombic blanks in square calibers, mm:

K8 _ h
Ab = K.)(/)Z{ K6 J(b()@i’ - hK'g ) D2K bogg = - (b06.3 - hK'B )KI;W (13)

where Kypm « - the coefficient taking into account the effect on the expansion of the non-uniformity of de-
formation along the width of the caliber when rolling a rhombic workpiece in it is determined by formula (14) or
by Fig. 9, d;

- width of the rhombic workpiece, mm;

K, =/0,0000551q,? - 0,000136a,+ 0,000119+0,2074, - 0,177 a4

yu K6
- oval blanks in round calibers, mm:
D?b —d
06 __ 06 06 3 Kp u
Ablcp - chp \/(boea B de ) 2K b B (b06.3 o dlcp )Kym (15)
06 3
i e ;
80
' . I
4,0 y

6,0 /

39 / 4.0
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/ //
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Fig. 9. Dependence of coefficients[(;fu, ](qum, K;Zt.p’ Ki’m.m’ K?/fll.Kp’Kim,Kp

from the ratio of the geometric shapes of the caliber and the rolled workpiece to determine the expansion
during rolling of workpieces made of aluminum alloys.

where K’f; - coefficient that takes into account the effect on the expansion of the non-uniformity of defor-

mation along the width of the caliber when rolling in it an oval workpiece, Fig. 9, e;

do| - caliber size, mm;

D - rolling diameter of round caliber, mm

D” =A - 0,785d| (16)
- rhombic blanks in round calibers, mm
D¥ b —d
P _ P _ K D3 Kp _ u
&wa@g%)z - (5,,-4d, )K", 17)
p3
Conclusions

where K ,f; - coefficient that takes into account the

effect on the expansion of the non-uniformity of defor-
mation along the width of the caliber when rolling a
rhombic workpiece in it, Fig.9, f.

Formulas for determining the expansion (4, 7, 10,
13, 15, 17, 18) belong to the second stage in the devel-
opment of the theory of expansion by gradation Al Tse-
likov, ie expansion is proportional not only to compres-
sion but also to the length of the capture arc. In addition,
the obtained formulas take into account the ratio of ge-
ometric shapes of the caliber and the rolled workpiece,
as well as the non-uniformity of deformation over the
width of the caliber.

During the experiments it was found that the
course of the metal, the degree of filling of the engrav-
ing of the rolling stamp, the resistance of the metal to
deformation, friction depend on the heating tempera-
ture of the stamps. The coefficients of extraction on the
transitions for rolling workpieces in smooth rolls and
calibers of different systems are determined.

Based on the obtained experimental data, it was
found that in the range of heating temperatures of roll-
ing dies 250 - 350 ° C and a constant degree of defor-
mation, expansion, metal pressure on the rolls during
rolling of aluminum alloy blanks do not change regard-
less of where the workpieces are deformed (smooth
rolls, calibers of different systems), and changing the
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degree of deformation changes their value. This is due
to the lack of hardening of the metal under these condi-
tions of deformation. Therefore, rolling of aluminum
alloy blanks, under conditions of hot deformation, is
recommended to be carried out in dies heated to tem-
peratures of 250 - 350 ° C, at which the values of the
above technological parameters are constant and the
pressure is minimal.

Mathematical models are developed and formulas
for determination of expansion at rolling of prepara-
tions, in the conditions of isothermal and close to it de-
formation are received.Experimental studies of rolling
blanks made of D16 alloy reinforced with SiC filamen-
tary crystals under conditions of isothermal and near-
deformation similar to the rolling of AK6 alloy blanks
have identified a number of features of rolling this dif-
ficult-to-deform alloy.

Experiments have shown that the calibration cal-
culations are performed according to the method devel-
oped for rolling billets of aluminum alloys, requires its
adjustment for the manufacture of high-quality rolled
billets from alloy D16, reinforced with filamentous
crystals of SiC material.

The use of experimental studies and recommenda-
tions to determine the expansion, metal pressure on the
rolls, friction will achieve greater accuracy in the man-
ufacture of high-quality rolled blanks, the manufacture
of forging rollers profiles of complex cross section, use
less effort, etc.
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