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THE INFLUENCE OF HEA T TREATMENT CONDITIO NS
ON THE MECHANICAL PR OPERTIES OF Cu/Al COMPOSITE SHEET MET AL

Wacgaw Muzykiewicz

AGH University of Science and Technology, FacultMaf-Ferrous Metals
Poland, 36059 Krakéw, A. Mickiewicza Av. 30
muzywac@agh.edu.pl, +48 12 617 39 53

Abstract. The paper concerns the investigations of the annealing conditions of Cu/Al
laminar composite sheet metal. Diagrams of the dependence of thameatiproperties of
Cu/Al composite sheet on the annealing temperature and annealing time have been worked ou
The optimal range of the recrystallization temperature and the optimal time of recrystallizing
annealing for the optimal temperature were detered. The optimisation criterion was the
maximal plasticity of the material with its sufficiently high strength, satisfied when retaining the
stability of the examined parameters.

Keywords: laminar composite; bimetallic sheet metal;, mechanical properthesat

treatment; annealing temperature; annealing time.

Introduction . Multilayer sheet metal belongs to the group of composite materials used in
many branches of industry. The rapid development of the investigations of composites is
induced, among otherBy the search for materials with high mechanical properties, able to work
in achemically active environment as well as at high temperature. The interest in the metallic
multilayer materials is due also to the possibility to replace the more expensiegédrmm@ous
materials by the composite®¥/ide application have found the metallic thiager composites
(the secalled sandwich structures), e.g. bras=eibrass strips intended for drawing, and the
silver-brasssilver strips used mainly in electronics.nBitals most frequently applied in the
electronics and electrical industry are the biab®r sheets and coppaluminium sheets (the
so-called cupal). The Cu/Al sheet metal is commonly used for inserts to join the conductors and

for lines of high frequecy. [1-6]

There are known various methods of producing layered composite maitepigiag up
by means of an outburst, joining by hot and cold rolling of a package of metals in the course of

which there takes place diffusional bonding of appropriatelpgresl layers of the composite,
4



rolling of sheets, joined preliminarily by an outburst, rolling of metal powders, pressure welding,
cold friction welding. The cupal sheet metslobtained on industrial scale by the method of
rolling. Annealed and cleaneldpt aluminium sheet slabs of EN AM50A (Al 99,5)grade are
placed on sheet slabs from annealed, etched and cleaned €apg&P (Cu99,9B8 of room
temperature. The charge prepared in this way is hot rolled, and as a result a bimetallic sheet,
few millimetres thick, is obtained. At the next stage, by cold rolling the Cu/Al sheet metal of
presethickness is obtained, in the hardened state. The complete technological process comprise
also a number of necessary auxiliary operations, such as cuttinghéingec intermediate

annealing and fildareatment of the sheet metal.

The aim and the range of investigationsThe starting material for the investigations
was the cupal sheet metal in the hard staith the thickness 0,/im and the ratio of the layers
thickness of about 1:1. Plastic forming of such a material requires prior thermal treatment
(recrystallizing annealing). The minimal level of the mechanical properties of Cu/Al composite
sheet for the recrystallized statéefined by the standarébr thetensile strength is 19@Pa, and

for the ultimate elongation is 3.

The aim of the investigations was to determine the dependence of the mechanical
properties of Cu/Al sheet metal on temperature and the annealing time, and to determine th
optimal tempertre and time of recrystallization. As the optimisation criterion there has been

accepted the maximal plasticity of the material with the admissible level of its strength.

At the first stage the effect of temperature with the annealing time set for 3teminas
investigated. Basing on the characteristics of the component materials and -tGe Al
equilibrium diagram a wide temperature range of recrystadjiannealing: from 250 to 5350
has been determined. On the basis of the results for temperatareging by 50 degrees the
general character of the dependence of the mechanical properties on temperature we
determined. Basing on these dependences there has been established a limited range
temperatures, essential on account of the differentiatidheoplastic and strength properties.
Further investigations were carried out in the raoggveen 270 and 380, and the temperature
step reduced to 10 degre@fie second stage of investigations comprised the examination of the
dependence of the mecheali properties of the composite sheet on the annealing time. It fell
within the range from 10 to 60 minutes, while in the range from 10 to 30 minutes the step of time
variation was 5 minutes. The recrystallization terapge in this case was 360°G.wasthe
optimal temperature determined at the first stage of investigaifibessamples were annealed in

alaboratorymuffle resistance furnace, with theamimal working temperature 1130.



In order to determine the mechanical propersipscimes were cut at from the cupal
metal sheet at the angle 0°, 45° and 90° to the rolling direction. For each tempiarsture
variant of annealing thregoscimers from each direction were subjected to tension. The offset
yield strengthRye, the tensile strengtiiRyw, the uniform elongationAy, as well as theé
elongationafter the breakAso mm (ultimate elongationwere determined. The values used to
prepare the diagrams showing the dependence of the properties on temperature and anneali
time were the arithmetic meafi®m the arithmetic means for the particular directions. They

have been calculated according to the relation:
Xam = Y4 (X% + 2X45 + Xo0)
where x denotes the respective property.

Investigation results The tensile strength of the examined Cu/Al sheet metad i
harcened state was approximately @0greater than theequiredminimal value, which is equal
to 200 MPa. The ultimate elongation was on the level @f @ninimal value for hardened state
is 1,5%).

Effect of the annealing temperature on the properties Cu/Al sheet metalFigure 1
shows the diagrams of the dependence of the mechanical properties of Cu/Al sheet metal on tt
annealing temperaturg/] The required level of the average propertids qm above 30% and
Rm not smaller than 15BIPa) is guaranteed by annealing antperatures between 340 and
500°C. When taking into consideration the scatter of the measured values of elongation anc
strength, the range of good annealing temperature becomes reduced to the interval of the valu
(3501 450°C.

Compression of the temperature step enabled to determine the optimal temperature o
recrystallizing annealing for the annealing time equal to 30 minutes. This is the temperature
T,=360°C. For this temperature there has been obtained the greatest etongati
(Asomm = 39,4%), with appropriate tensile strength of the mateRalH{ 160MPa). The optimal
temperature range falls within the inter¢@b0 370 °C.
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From the point of view of the recovery of the plastic properties of a hardened material of
Cu/Al composite it can be accepted that recrystallization (for 30 minutes annealing time) begins
at the temperature above 250°C (cuM¢emm on Fig.1). A noticeable reduction of the strength
properties is observed already earlier. Next, up to the temperature 360°C, there takes plac
intensive increase of the value of uniform end ultimate elongation followed by their noticeable
decrease, which is vergtensive at the temperature 550 °C. The difference between the uniform

and the ultimate elongation at this temperature is minimal (not exceeding 1%).

The strength properties of this composite throughout this time continue to decrease with
various intensityas the temperature increagas exception is the increase of thelgigoint at
the temperature 58Q). Worthy of note is also a more intensive decrease of the yield point than
that of the strength of the material. For example, at the temperature 3@O%alte ofRye is
nearly 4,5 times lower in comparison with this value in the hardened state, and the Wlug of
only les than 2 times lower. From the point of view of plastic workability of the composite this

is advantageous, since it means thedase of the soalled plasticity margin.



The above mentioned drastic drop of the plastic properties, a great decrease of the tensil
strength and a certain increase in the yield point of Cu/Al sheet metal followingnéealeng at
the temperature 580 need separate commenthe temperature 58Q is by about 2 degrees
higher than the temperature of eutectic in e¢eilibrium system AlCu (548,2C). One of the
more important hypothesis of bonding metals in the solid state in the processes of plastic
working is the diffusion hypothesis. Basing on the literature data on the diffusion bonding of
aluminium with copper irthe temperature range (5860fC it can be assumed that during
heating of the examined Cu/Al sheet metal at the temperature 550°C fon3@racal brittle
intermetallic Al Cu phase may be formed, a liquidi 8lui Fe phase may appear at places, the
formation of liquid Al Cu eutectic (at least locally) is also very probable, and a complete
melting of the joint cannot be excluded, either. A®sult of the above described phenomena,
after the annealed composite was allowed to cool, an intermediate layer of low plastic and low
strength could be formed@B, 9] The presented interpretation appears to be the most probable,
although the effect of he disadvantageous growth of grains in the area of the joint

(recrystallization hypothesis) cannot be excluded.

Comparison of the mechanical properties of Cu/Al with the respective literature data on
copper and aluminium properties (FR).illustrates thespecificity of the examined material. The
effect of the properties of the joint on the characteristics of the material is especially visible in
the case of elongation. For low annealing temperatures the percentage elongation of Cu/Al i
smaller than in ta case of pure metals. Only the sheet metal annealed at higher temperature:
(between 320 and 500°C) is characterized by elongation of intermediate values which, however
are not the mean of elongations for aluminium and copper. Such a situation, onethieaoi,
takes place, approximately, with reference to the tensile strength of materials in the anneale

state. The more hardened the bimetallic sheet the closer its strength to that of copper.
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Effect of the annealing time on the properties of Cu/Al sheet me@ah the basis of the
results of the second stage of investigations there have been prepared the diagsaatsdl
the dependence of the mechanical properties of Cu/Al sheet metal on the annealing tiB)e (Fig.
[10]

Heating of the cupal ské metal at the temperature 360for 20 minutes enables to
exceed the minimal level of ultimate elongatiyamm (above Amin.) = 30%) and to obtain the
tensile strengthiRn above the minimal level (RmiIN.) = 150MPa). Annealing carried out for a
time shorter than 1Bnin., results in the instability of the mechanical properties of the sheet
metal. It is a phasef intensive increase of the plastic properties and the decrease of the strength
properties Annealing for a time longer than 20 minutes causes at first further slight decrease of
the strength properties which afterwards remain more or less at the sameTlevelastic
properties become also slightly diminished with the extending of the annealing time above 20
min., attain a sort of a local minimum for 30 min. Further prolongation of the annealing time
causes a renewed increase of the plastic propertieshwhowever, is not significant enough to
justify the increased cost of thermal treatment connected with the prolongation of the heating

time of the material.
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Conclusions The essential theoretical value of the study are the diagrams of the
dependence of the mechanical properties of Cu/Al sheet metal on temperature awnd time
annealing. On their basis there have been determined the optimal conditions of titeatmeent
of the Cu/Al sheet metal, accepting as a criterion the maximal plasticity of the material with its
sufficiently high strength. Consideration has been given to the fact that the optimisation criterion
is satisfied while retaining the stability the material properties. The optimal temperature range
of recrystallizing annealing falls in the intery@50' 370)°C, and 360C can be accepted as the
optimal temperature of recrystallization. The heating time, necessary to carry out complete

recrystalization of the material, is 20 minutes.

The properties of Cu/Al sheet metal are not a direct averaging of the properties of the
components. This refers especially to elongation, whose course as a function of the annealin
temperature (against the backgrdust the curves for copper and aluminium) is evidence of a
strong interaction of the joint on the properties of the compo&iteealing of bimetallic sheet
metal at temperature close to the temperature of eutectic transformation in the phase diagram A
Culeads to drastic reduction of its plasticity and tensile strength.

10



Extension of the obtained results on industrial scale would require taking into

consideration the bulk factor of the thermally treated charge.

10.
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THE PRODUCTION OF CA ST-IRON AND ALUMINAT E SLAG IN THE
PROCESSING OF RED MUD WITH THE USE OF SINGLE-STAGE REDUCTIVE
ROASTING
Anisonyan K.G., Kopiev D.Yu., Oljunina T.V., Sadyhov G.B.

Baikov Institute of Metallurgy and Materials Science, Russian Academy of Sciences, Russia, Moscow

Abstract.On the basis of the performed research of the red mud processing, the process
of singlei stage reduction roasting with simultaneous production of castii@mproduct for the
steel industry, and aluminate slag suitable for the production of aluminaojgoged. The
roasting is carried out for reduction of iron oxides to the metal and the simultaneous transfer of
aluminium in a watesoluble sodium aluminate, which is provided by adding to the mixture of
N&aCOsz and CaCQin certain ratios.

Keywords: red nud, alumina production, pyrometallurgical processing, reducing

roasting, pig iron, aluminate slag, recycling of wastes.
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POWER RATING OF DYNAMICS LOADING OF REDUCTION STAND OF THE
REDUCTION AND SIZING MILL AT A COLD ROLLING

Berezin O.1.
Stary Oskol Technologic#éhstitute named after A.A. Ugarov (branch) NUST «MISIS» Russia, Stary Oskol

Abstract. The results of the analysis of technological aspects of the expansion of the use
of reduction and sizing mills (RSM) of thyexl stand are presented. The analysis shdhat,
despite the widespread use of RSM in rolling production, further expansion of the range of
products, in the direction of increasing the cross sections, requires additional research,
especially in the plane of enerfiyrce assessment of the dynanotdoading of the reduction
and sizing mill stands at letemperature rolling.

Keywords:continuously cast billetieducing and sizing blogldeformation, calibration,
rolling mill.
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RESEARCH OF THE NEW METHOD "SOFT" REDUCT ION OF CONTINUOUSLY
CAST BILLETS BY THE COMBINED PHYSICAL MO DELS

Bogadevich D.I.
Stary Oskollechnological Institute named after A.A. Ugarov (branch) NUST «MISIS» Russia, Stary Oskol

Abstract. The primary results of the study of a new method of "soft" reduction of
continuously cast billets by combined physical models, performed to determeféettizeness
of this method in comparison with existing ones, are presented. It is shown that the new metho
allows not only to suppress axial liquation and porosity, but also to reduce the rhombicity of the
continuously cast workpiece during solidifieatiin the CCM process line.

Keywords:concast billet, soft reduction, deformation, CCM, quality management.
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IMPROVING THE CALIBR ATION OF THE REDUCIN G AND SIZING BLOCK F OR
THE PRODUCTION OF SMALL -SECTION ROUND BARS

Butorin A.A.
Stary Oskol Technological Institute named after A.A. Ugéboanch) NUST «MISIS» Russia, Stary Oskol

Abstract. A method for calculation of the calibration round bars according to the
“triangle-circle" roll reducing and sizing block light section rolling mill. With the use of this
method, the calibration of the wad with a diameter of 15 mm from a workpiece with a diameter
of 20 mm is calculated. This calibration will allow using a workpiece with a larger diameter and
increasing the efficiency of the process.

Keywords:continuously cast billet, reducing and sizing block, deformation, calibration,

rolling mill.
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DISTRIBUTIONS OF THE DEGREE OF CARBON SEGREGATION IN THICKNE SS
IN CONTINUOUSLY CAST SLABS
Glotova 1.0., Dozhdikov V.I.

Lipetsk State Technical University, Russia, Lipetsk

Abstract.In the article the experimental data of various researchers for continuously cast
slabs with a thickness of 200 to 300 mm and carbon content in the range of 0.06 to 0.2% C art
analyzed. The characteristic figure of zonal chemical heterogeneity in thendbic of a
continuously cast slab is presented.

Keywords:segregation; axial chemical inhomogeneity; continuously cast slab.
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THE USE OF ULTIMATE PLASTICITY INDEX TO CLASSIFY THE RANGE OF
ROLLED STEELS

Goncharova A.N.
Stary Oskol Technological Institute named after A.A. Ugarov (branch) NUST «MISIS» Russia, Stary Oskol

Abstract.An approach using the ultimate plasticity index for the classification of steels is
considered. The classification of steels according to the index of ultimate plasticity for the range
of steels rolled on a typical mediugnade rolling mill, madeon the basis of the proximity of
deformation and temperature modes of processing, is presented.

Keywords: concast billet, rolling mill, deformation, ultimate plasticity index, quality

management.

Vo fsdkzyjddd LOCOLO dO ) Is Oddded teds® iz dy o
qzd M ZOo O fswWodv jlsMw oL iy desMis! twlsdzj filsd A
Ctokff BOsydscts MSelsO®Rj dso, d kOSCddH EGBEOL
HOdzdzs B3z BOIs j ted Oz BHdets?2 L fMbkh jMlse ks hda Is

otcj 3w, ) Efdztse dw A CtsdeCtoj sdesets ftetsdL o sHMise
CGOteOdzlsdtclz j Isfmw CdzOo dz" d3 tBteOL tsd3 L dzOded W &5 d
BBj sOdzdzts o j His O . [ HdOC t5, sBtsB M j dzd § ftosdL o ts

42



CazommdW¥ dydteseo Odzedv s BEABOIsT 0 jlsdf' ~rdesdp®ls Jfm j M d
ftosdLotsHMiso O dtsmdls { B dtedud MSd2 R OLOCIsj ts,
MoewiLd ftodeodzj ydidedd MmMtsotej d3jdeder » St ¥ Isj todz R
cozffdtesaCj MlsOdzj?2 d MY d=Opjtolz tdfiAs LdgGLdiryidiss Ciple j drti
O SOC Y] MkhjMmlse j dzdzs MsC OIsdIls! I[IStcibHtsL OlstcOlsT
o dz0O dzq L MetelsOdj dZk® o fEMC O] Bs2 ftesH Sy
Mtcd Hdz] Mstslsdzsd3 Mis Odzd sdf © 350, Colstster § B
fejHnftedvsiddt (d o §jtp@ssis@d )] ittt @ dalOdd,
Bsyjls Br Is! CazOmMmMdW dydteseo OdzO s HiMwisd thd
HsfEmMC Os sfpw ¢ HEkedj ctkffr. [HdOSE d2 kH|
[7-10].
v OB dzdiw@ tadsjGizls sdftsosets dzj ftoj tor adetse s Mtcj H dzj fi
BOws Oy fMils Odzd

ldH fesCoko |{oLdje] iddy [ OBS O flsOdq

Mstels O

gls0, wals3, gls4, o
181 24, 09, 2, 0 ¢
1. 1 € Ols MlsOdz dats 2 20.. 50 1 {duU 0871 60,658 0, -7600Qy4,
Ctolzg dzr 2 2590 5542, 55u82¢, 60

45 m, 50m, 35,2,
38my o, 38 mu, 30
glsO dls3, w4, 4
1841 24, 09, 2, 0 ¢
2.1 esC Ols MlsOdz! dats 2 18. 45 1 {duvU 08i 60,658 0, -760Qy4,
CoOHBOIsdz 2 " 2591 5542, 554208260

45 m, 50m, 35 2,
38mJ 4, 38mu, 30

gls0, gls3, gls4, H

3.1 tes$ Ol Mls Odz' dzts 2 }
h jMmlsdeteOdeder 2 M Hd 20...48 125(7315 gséfl\o s
of dMOdedzse s Ctolzc O , 12,

45 m,
38mJ o, 38 mu, 30
o

s3¢H, wils3Mmyf,
5) 4, 104 v, 80

4. 1 e E@HeY 4 C O Odz | (4o
Ot tetso Odzd W 3 § dzj L 14...36 4
Csdzmlstelz € yd 2

5 ulsOd Ot®Olsk tsdzov [as " s
lsjtedstsdsj R Oded i MS d 14..36 1 3
NjdzjLtsBjssdady B Cfs

6. U0l OteiOl Lk tcdzOY

fesl ddv HdY yjdjL| 14636 ubdty, uwb3ng, o
¢ sdzmlstel ¢ yd? 1 1v,
7.1 65C 0k flsOd dats? 75x8,0 Lfuv 6580,
Hdzv tej Mitste 75%9,5, 7419 6070,
90110, 0 5542, 554y 2 ® (Q
B.vettdld MlsOd d& j sls 321 L{uv wlsO0O, wls3, wuwls4, 4
6 Qo dzts f 15 czts Y dz' J Hts 631 3 8500 18424, 0952, O0¢
. | sl B8l.2
9. uetsdz¢ d MlsOdzr dgr j H S 1Juvu dls0, dls3, 4. md
dzj 6 QOo detsif tsdzts ydz' | 63x40x4. 8 8510 18124, 09412, 0f
5,0
. . - L 1Juvu #4lsO0, 4ls3, wls4, 4
10z 9 § dzadzj te _68’5 8240 18128, 09452, 0°¢

43



JHdzdd3 dL fjteor a 1 dzj d3j dzlstse Isjrmdasdzse d yd me t
MudlsOls: dzOctejo LOCOEE] o Pt dzfB s PRS2 o
1 tejyddBk dzOctej 9 O B3OS d MlsOdzd bkfdztse dets H j§
Hj2fMseakzes h jets dzgO  j yoOr toj e dzORj dzlsO dzOctcj 9 O 3
OCGtcj GOIstso ftedmkzlsmlsolzjls o j M BO Zf tetsh j dzdz
f tc jffHdpOIstcd o O h d2 € zOMMdW dE Oyds HtetsCOls™ 9 O d3" n

2).
s OB iY@ Y iz dzOctcj 90O L OcltsatsS o &

5] B | GOBE80 6 L6d
eegyo | P EELES BRI gy o ) 7 dzq J
®BOGES MO SR L s dzr L s dzr
U 1 2 3 4 5 ¢
A A B 63 900 | 1230 | 910 | 1240 | 1230
¢ o) MIsi - 47 800 | 1200 | 890 | 1210 | 1200
¢ g o & Ay d 38 860 | 1190 | 870 | 1200 | 1200
. 63 870 | 1220 | 880 | 1230 | 1220
1 dO'I'Z.g f;’zté g aqg’dz( 47 850 | 1190 | 860 | 1200 | 1190
d 38 830 | 1180 | 840 | 1190 | 1190

[JHEZOSCB kOS2 {fHSHAtSH d&syjls dJdjls! dzj ¢ Ols c
f sfmdzj Hize P j 2 CGstewW yJj 2 f zOMmilsdyd M¢ 2 HjWBstedzOL
ftesdLo jfMmisd kOSCE: CdzommdW ds Oyds ftetsC Olsr 9 O}
HEf EMC OdzO0O ®'j W stz d Riedets Olsztcdz | tod  d &3 dn
fsLdyd? ftcj HiMIsOo dzj dzdzr 2 mMf smtss. ctezf f Jtectso € d
CoOmMmMdW dS Ooyd?2 oiBjlsOdzdazse d M zOs tso .

Ajdz2 wioBdGMMHdY dEoydy ftesCOlsr o0jdi3r » o kMmd
Mo Hdz] MlEBAdEB G s MY tcdL dzOC &z B dzdsj Hftf I3 ds O I8 I ¥ Az LB O T
sBtcOB BIsC (.

J ZOMmistswh j 2 tcOB tsls H dzw Wtstedzd tctso Odzd W G
Mo sC k2 desfilsd ~nddkdyj mMSdn MsmisOo tso dimf sdz’ L ts
ol OdzdL s Odzdzr 2 o w©WOBBI] [1].

v OS Msdzg@Ge @y ¢ ZOMMdW dS Oydw, smizh j Mise dzj dz
or tOBBIsCE MisOdzj 2 dzO Mj a3 , HIOM IS O IsvsOUEAS 195 HiglpfsTids
sOC Y twjLizdz sOIsr tBteOBtslIsCd ftoj HMIsOo dzj dgr o I

Il " 9atsH o j Hdztsy j dzadzOW CdzofmmdW ds Oydd s Odzj 2
f zOMmlsd ydesmisd §tsLotsdzdls BT Mistej j d Ibtsydzjj BGlsdz]
mMkh jMmMlse j dedets BB dzj cydls oeotH o ftesdLotsHmlso s
COyjMmMsoats eslssots? ftesHEZSydd.

44



s Okd Y@ ddNMdY S Ooydy MsOdj?2 (t §sCOL Olsj d

164 HY d
[ OS¢ ' . Ci W¥dyd
fls © d; s OCMsdesdzj sted yj M Ow ¢ dzOMmd o bWy <Cd
fjdsH
3
¢-MisOdzd HOdzdzs?2 ctwwlkzffr ~OLOCIsj tedL |
65-80 Mef sMisOodzv j 3" = MMisOetse OBMsdzs Isder| 0,74 1,09
6070y Mos2fMmlse ftcd Isj BfJteOlskzteOR, BddL SdA| 1,05 1,36
MlsOdzd {Iss? ctlkffr ddij ¥ ls oizdU 30U d
5542
5582| J-MisOdzd HOddzs?2 ctekzffr Jdjéls HBotd 059 111
6082 HJOY OL 5dzj Is F1d9fQj OAOds ez BMPIDG W d M d 4 =~ g 0’74 127
6042 dr kwtsejdz ftd BSdij ol MBEUW&H. l§ '
804
38my 4 l-ndzv fMksOdzj 2 HOdzdes?2 Gl fr Istej Bz}
38 muy HiWVWtsttdddtetso Odedw MmtejHd oMjr MtcOo dzd g 124 149
30my Mows2Mmlse, LOWdEMdicse Odedzr = ftod d3d - 144 173
40 m MisOdzj ? cackfaofd dz ldzd ded 3O dz! dz' 2 EZtetse j dz ' ’
sj i3 J cOlskzteOr dMmi " sOdzd 2 .
45m| |-Shsejdeshls! ¥ Misodj?, ldjmjdd 7| |,
50m |sdeslstsdzdztsets d BdzdL CsEts C ntedy dag@digsIE oo | 121,25
45 ) n=7-14) ftod 800Au HEL o jzdsudd) MEkdd

g 21 MOdi2 nodds? cklf{nsk Ob i im0

som | IBUSd OCE2 ) ZOWOCK i, oAk dsjubil oo, | o9
35 80'0UH. UBrﬁd@I}JQIﬁsg_cBJBdZJJ 9ffnl$Cd2 'OB'fI’.]tSC 124 149
] j s jeOkte! Hj Bsdhlsttdieljls dj dajj ’ ’
a0, Bj sOdkzO ¢ § ZOfisduj NS sdz Hj Y

[-Hd&zY MisOdzj 2 HOdzdzts?2 ¢ tobnifiAll ™ d3j di®\j Jsq
0912 ftojddikh jmise jddets Mdedy 0 v M tetsfls
0912 dmfrlsOoddw 800Uu L dOyjddy o4& d8&HdIe
Isj B j cOlskzi®j HIJ200f0OUS dzjsB1 6 HBS tOL ol

1,02 1,22

dls0, r -tejLlzdz sOIsr dMyfr lsOded?2 ®BtOL Yytso (|
uls4, | cekffl, fsSLoGdYsls fHj &ZOls! of o &H,

4ls6, 11100Au ftsdsydlsjd ds oddwjls d&O ©OMf
25, 2 Mo tsAMmisas ftod HOM dj2h jd wsmlsj Isjd 05k | 1,13

v7, fdzd y Ols! MW . & 1Idn §sLdwEd sQadhHeéd 1,27 | 1,63
15,25 | MlsOdzj 2 ckffr  BddLCO 5 ROLOCIS

40, 45 SH&ZOSE doj MCtsd S Blsddyoj lsmw dd & OH

50, 55 lsj 3 j Ol ktsr .

n-ydmdzs etotslstse tsBtOL yse HE tOL

sf dmMs¢ dzdlsj tcOlskzter

1. [ ddzOj o . ¢. , JeBjdziy ¢.1., 4 a3d tc dzts o
s ndzsdztsedyud MS dJ f)r § digfdatzfo O d difistyocT td Qjyodcvw SHORTE
slso j Ismisde® datzBqjsdedwy // [ jlsOdzdz d dzd82. j v CteOd dz

2. v d3d tcdzts ® (.1 - t OLadIsdJ fsHatSHBY & dmm
BB - Odzd L d3s® ¢cL Odzj ydo Odzdw e HJWJjSCIlsse M dzsh dztsml
sCdzwte, 1. do. 1 Jdzjodlisfgfrde o HUg.B d&'/ = RLLG9] jfrHisidded 2. "
2016.-v. -59 5. -327.2

45



3. 1teddzt O 1. 1. lteddzeL © ¢ . 1. s &zOMmMMmdW S Oydw
f zOMmisd ydetsmisd §ted cEtstewy?2 BGBKOBESISC ] HEIY] dzd J
-~ 7=:49. 6701

4, [todzsea | . ¢ . Rdzy J dzJ edzOWY tsyj dz¢ © ©BtcOBOIs
1.¢. [tdzse [/ vy j-R20EOW 3d&y lsakzdzztcc d v .

5. rrkeklstse [ . c. 1 dzOMmiIsd ydetsfls d HJWBtedzd ok
d MG sg-yr. : [ jlsOdzdzz8SBdM,. 1990.

6. vCotsL dzOW syjdz¢ 0 oij - Odedyj MSdn Mo s2 Mise
Odz¢ dzd dzd 4 o " n ftosW ddzd 2 ) EmMdztse v A sdf seotscts
¢cofJuvrse / [.1. wBdqedtss, 1.¢. wSCdvte, [.1. [
d.1. uwd@3dtodetse 2017.- [ ]-B.QeEkEtcc .

7. Belevitin, V.A. Simulation of the macrostructure influence of forging ingots on the
potential capabilities of obtaining higjuality forgings / V.A. Belevitin, Y.N. Smyrnov, S.Y.
Kovalenko, A.V. Suvorov // Metallurgical arMining Industry. 2016~ 7. 1823

8. Smirnov Y., Sklyar V. Features of deformation of partly crystallization blooms at
their twostage soft reduction // Materials Science Forum, 20%2704705.- 4. 1-5.

9. S dzwte 1. ¢. 4 WstedzsOyd tsdzgdeth)ind Mt fiplst vOdzeq fJ
fsHCOO o BoOdz desdz S OdzdBtey © Cdzjlswnan yJtedatse
1. 6. g ¢ dzv te UL HOBs2 dzse © /[ -dyy tseOslgdnlg jtedzdf Uil
Cdif dzj ¢$ MO. 1 02€0 d ftoesdL o sHMIse ts GO Is jdmq O dzr
fteOCIsdyd MEfs?2 Cwda jtejdeydd m iR 5z dizBts B Hoear . 0l
124131.

10. 4 &3] o dzts © .1 - . gCdzvte 1. ¢., ddzdIsC 5 o .
Wistedisd L d3j dzj dzd W-H W Ha@ it 5 g Gaiatzsc 5 Mtsistsw dzd v dzj
h H W CHBILd "tz d ydzs s " 9 sy MMy 1§ tots!
459 tej d3j dzdz" J i o3 B ldzp detizlz teetxftadetin ¢ s s C s dzj € MO.
BOIs j ted Odzr sted dzOH YyOlsts?2 - #)Q CisdP ME 2 ¢ Halz,
BdYHERZOGSHD d©3 EyoiRdj 3. 2016. w. 147

11. & o3 Lo dzts o , [ . 1 - AdLrdud MG sy 3 H j dzd tot

BOCtosMistczCIskzter dzj o tof o dgsdzd s s?2 waEsdBHZSO ¢ 1 .
ytsotcj d3j dzdzOv 3j IsOkzdzEzteadwWw dzseasGts Isr mMw yg dzj Isdw
Ctsdewl.l 84 j S OBtW! 2015 d foitsy @M lissrull, o .2 ORTIHR.

12.1 j dzj o d Is d dz, 1 .0. | BHj dzdtcso Odzd J i dzO
B lsOdzdzd yd MSdr L OGcltsoatss: Cdzdzj CIsd o dzOW Bsdztsa

46



SstsoOdzj dz2S 5, [ .1 . uwdB@Bdtedese // I eeshHhnddBhS 2 Ris
fts ftosBdzj BOd3 dzOzC d -[d. :Is j{rdpdpHdzt2cDEERE.. v sd3 1.

13. A § dzlstc Odz! dz" 2 dB3d s Odzdzd y4 M€ d2 fstclsQdz y tf o3
HsfMIskzy ©: htt pportallrumnet al | i checkiy

14.1 etsC Ols dL -f oy findndzdetsiZs Lz 6 dzj tectHta(tdplsOsdadzts A
vdmded Wi MG dJ Emdzse dw [ € dzj € Iste20tRdz" {24 ¥ © §i3M zHetEdf IS ¢
http://www.internetlaw.ru/gosts/gost/64261/

15. ¢ Is © dz Ctstew YyJ C O OdzOY Hdzvw Otedizdtetso Odzdw Y
[ Cdzj Clstotsdeds” 2 toj BEEHPY ddmisdzd 057 ht t p: / / www. al |
content/uploads/go%t781-82.pdf

16. l tesd3 M dzj dzdz" § dmfr sOdzd w 34 dz¢ h d A h Ote
gL d3d &z ydidedd yJjdzijrdmlsra CoOydlsse / d. R. e
ljdzjeodisdds / / f2018.6 03 -jpdzd-J0.5tcz H .

171 esC Ol Mtselstsoats?2 d WOMtsdzdzr 2 dL MlsOdzd Ik«
{Bhdd bijndduimtdj Ekmdsesdw [ C-20%-11GHddg 2H sthjsft
http://docs.cntd.ru/document/1200052846

18. [sCtc" IsOW BOL O 1 Jvuvtsg Mkt SOlsdeds dzde R Is L
https://standartgost.ru/

19.5t60OIsCd2 MftcQotsyded s B sOdzdzdmlsO / §tsH toj
-1971.-767 M.

47



vrs 621.774. 3

ol fdd1o1otrRuL I AL rnJRC soY [ dultirnsdRE
sf1sdfvuvr113m vtul

(totsdz’ €& wudidtodssws Qyuja | .sisoOdz} o O [ . ¢.
Lduvll{ c¢croodzaiysd2 dzOoydsodzOdz dz" 2 Isjrndedud MSd2 Lk
s OtessMEsdz ME 2 Isj R dets dzts ddd W4 ) A0 tedsdzipls ff 18 drflsteridds dzOwdg! ddg
difdzj Hise Ols j dzr MC d2 sjndesdztsedyuj MS d2 2d diffiCdstz s ¢ [ R

ersp@meta.ua

309516, tsMmimdwy, 6. wlOtr?2 [Mitd, @ISttt

¢ dzdztsIs O dnwo.j M j dzr CodzmlstezCIsd o dz" § smtse § dzdzts
BOdzsc OB Otc Isdzr = detsy dzd y, tcj Odzd L v h dnA Ho zr fMls
Ists dz§ sMils § dedz’ =~ stcze,B Jj g udO®®Ig st ot MsC 5] ¢
fsojtendzsMmisd.

szt yjorjg bkigdzB®OO: € dzd dztso 52 dzts  , G dHtY(d dzo
BOMAEsMisOdzydw, 1 dzj Slstetsftedo tsH.

SMALL SCISSORS FOR HIGH QUALITY CUTTING OF THIN-WALLED TUBES
Er ono6klo SmiPr rf,dkachevMNu.!, Kovaleva O.Al

1"Donetsk national technical University", Donetsk
2 Stary Oskol Technological Institute named after A.A. Ugarov (branch) NUST «MISIS» Russia, Stary Oskol

Abstract. The design features and operating principle of sei@éd hydraulic shears
realized twestage cutting on dimensional lengths of thialled pipes, which the high quality of
the end surface is provided, are highlighted.

Keywords: pipe, wedge knife, hydria cylinder, cutting force, pressure, oil station,

electric drive.

Il dz2Ofmlsswh jj otejdkiw, GCOC dLojMmldats, ftstejL C
fslstsydegr » ddddwvns Mo Otetsyder » d cdetsyds = MlsOdz
Ceza O3 ddzd  dztsy ded wGgedz' d3d ¢ dztsy Gapfftcts 1 cOCIsd ¢
£ECOLOdd 7 tejykhds Mmdmisjd ModHjljd Msokjl t
SHdotcj d3j dgdzes Hokzdz 9Oy dzgr d3 EZMmdzse d W d3: sBj MY J
stk d20 ®jtede j L OcElsoCd d JOE dis QS off jH jsiB e
mMdsw Isd J§ , LOkMmy dzyr ddzd LOHdt" [ 1] . ] mMewL d
sBitclzH s Odad v , fsLotsdzveEh jets BJL fmdad 3 § ded W t

48



HsBdls! MW bkijBlkzjdk" n fCOLOIjdzj?2 GCOyjMmlsaO® {t
OCIkzOdz dzgs?2 d IbtejBbkjl fteddwisdy stededdOd dzr -
ftedL dzOIs* fjteMmMtfjSlsdodz d3 dmMftsdz’ L so Odedy Htescts
Ctekedzse s MmJ yd ded v, ¢ Ctbiter 3 d@y dzts BIlsdzj Misd
ftoj HMIs ®o dafe@zdzlic d M)z dz$ 1 B. tlzls! dd L OC dz¥ y O
LOWdSMdetse Odzdzs?2 o dady dzj d3 dztsy jotsds BdzsC j, f to]
sy tsdk, Hodykhddhy o cotedLtsdsOd ds?2 § dshs s
Miujdedj btipsOHd1) et Bfjtzd YOdz dzts s zZzMEC O h dc
smih jmMseodzws s dzgO dzgjj Mddzsetsjy eosLHj2Msadj o
yoflsd BJL oL ded € dztso j ded W MW Isdww Jifls Ols By J
sfkh jMmlsodzj dzdV¥ Hokn MisOH d 2 datsts GO IYf @ tsdgjj e Heg 3@ d
CodemlstezCIsd o dzOW Mmnd BO datsy dzd y, o Cdzs yos hdrn
Bd ~OdzdL 3, Mddzmr tetsdzdzts tcOB SISO hdj BIs BHdE

§ J:,

{ dMzd®s JIBO Hodxd ddY dbxyd2(Prpdd ey odnOged?
f ey jfidfsjote j udets? tjL Cd IStsdS siilsj ddz R

10 BfMmdetsea j tojL bkzdz IsOlstse o' f sdzdzj dedesets Msy s
MRjd dqLojfisdr = LOwkejydr = d ®©lsjyjmse jdeds 1
MdditesddL OydYw HoGse to] BB dzdzts  dz0 Y B HEsE OisY dzH 6
sy j2 s LOOdzjj L OHOdzdetsd3sz L OCtsdzlz, ftoj HY 5d
stckzB T HSE ®Bsdigj dzZs0 d2O0yodz0 MmMdazsessets CdlsOCIs
f sfdzj Hiso Ols j dz' dztsfls oL Od®BsHj2Mlsadw 1 dzj dsj dals
6 Odzd L sy Qe® ©O)MYfJ yjddy Cddzj B3Oy mMcs2 MoV
pjtekdCOd dF F d GHES2 cstdLsdsod ds?2 Lksyo
teOL di3j N j dzder i3 dzO BSHdesdz 9 Odzz L B yOlsr &sd € tsdzj f
sCtky dshsj?2, MNttlkddfyesREJHOC, Byt NS seshls!
ftcjor hOjlk MCstesMmis: Hodyjddw ojtkdCOd dr & toj

[Odzdzr | B | dgjeesmddsear 5 § 00Ok sc0r sy
fsdzzyjddzr j] o tjLbd SO ftojHo Oted&ijifz dafdsy dzis®
MMz Hso Oded?2 [4, 5], BT dd dMisd LBo0d {1
ftotsdg N dzj degdesets BBOL YO kfMmtse jteh j dzMise so Odzdz =

49



fteOSbdujMitet ftoddj dj dedw, detsy dedy’ ekl s
Ofdzd 1+ dzj Clstetsdsj ROdeduj MSdd (( dmkzdsS 3, B) fd

[ dizdets d&) B3O uj ME OW Mrj GO b ~ Oded Y ME 2
CtcdL BdzZs Oz dzgtsets d o jtelsdC Odzr dztsal 8 tsdzy ¥ js2zIst® o) I
LB yolkow tw©j2¢0;
2i Mz f sitwlg);teIs3d € Odz! dz" dits YSidzdddetisa €00 dz! dz" § L ks Qéalsf J
LB yOlsr dzd <LHttdrjhfrifQfdeidd; ¢ 60 O W T dsty tesfelOB deldO@aR'; dz'72 ¢

0) B )
t I Mkzdid Ot Odals dMY sdzdej dzd™¥ tcOL tcOB tSls Odzdz” 7 dats y da
Ldzj SlstetscdB m Odzd Uy MSC o ftodotsHisd ( B

L OtedMmizdsSj 4 ftdojHjdd ftddydidod dow -
CdHiesYyddddHcO, fiedosHwh jds o Hj2Misadj tjykh

50



