METAJIO3HABCTBO TA TEPMIYHA OBPOBKA METAIJIIB, Ne 1 (88), 2020 ISSN 2413-7405

YK 621.771
DOI: 10.30838/J.PMHTM.2413.260222.51.633

COLD ROLLING OF ALUMINUM FOUNDRY ALLOY

DOLZHANSKYI A.M.', Dr. Sc. (Tech.), Prof,
KUTSOVA V.Z 2 Dr. Sc. (Tech.), Prof,
AYUPOVA T.A.Y, Cand. Sc. (Tech.)., Assoc. Prof.,
STOROZHKO K.D.*, Student,

RYBKIN O.P.°, Student

! Department of Quality, Standardization and Certification, National Metallurgical Academy of Ukraine, 4, Haharina ave., 49600,
Dnipro, Ukraine, tel. +38 (056) 746-05-49, e-mail tk136@ua.fm, ORCID ID:0000-0002-7552-3012

2 Department of Material Science named after Yu.M.Taran-Zhovnir, National Metallurgical Academy of Ukraine, 4, Haharina ave.,
49600, Dnipro, Ukraine, tel. +38 (056) 374-89-36, e-mail kaf.material@metal.nmetau.edu.ua, ORCID ID: 0000-0003-2413-679X

3* Department of Material Science named after Yu.M.Taran-Zhovnir, National Metallurgical Academy of Ukraine, 4, Haharina ave.,
49600, Dnipro, Ukraine, tel. +38 (056) 374-89-36, e-mail kaf.material@metal.nmetau.edu.ua, ORCID ID 0000-0002-5706-4211

4 Department of Material Science named after Yu.M.Taran-Zhovnir, National Metallurgical Academy of Ukraine, 4, Haharina ave.,
49600, Dnipro, Ukraine, tel. +38 (056) 374-89-36, e-mail kaf.material@metal.nmetau.edu.ua

5 Department of Material Science named after Yu.M.Taran-Zhovnir, National Metallurgical Academy of Ukraine, 4, Haharina ave.,
49600, Dnipro, Ukraine, tel. +38 (056) 374-89-36, e-mail kaf.material@metal.nmetau.edu.ua

Abstract. Purpose. The aim of the study is to improve the methodology for determining the limit degree of
technological deformability of metals during the rolling of wedge-shaped samples, as well as to determine the patterns
of the complex melt treatment influence on the AlSi7 alloy deformability limit degree when rolling wedge-shaped
samples. Methodology. The object of the study is an AlSi7 alloy, modified with complex 0,1 % Sr + 0,5 % Sc in cast
and Hydrogen melt treated state. The laws of influence of complex melt treatment on the structure and limit
deformability of AK7h alloy are investigated. An improved mode is proposed for determining the ultimate degree of
metal deformation during the rolling of wedge-shaped samples. An improved technique was used when rolling at a
speed of 0,3 m/s at the laboratory mill duo 180. Steel hardened rolls with a roughness R ~ 1 mkm and an ungreased
surface were installed. The sizes of the initial samples are 4y, = 3 mm, Ay, = 11 mm, b, = 10mm, /, = 46 mm. The
microstructure was studied by standard methods on equipment that passed state verification. Originality. A technique
for determining the limiting degree of technological deformation of metals during rolling of wedge-shaped samples has
been developed. The developed technique is calculated and does not require marking on the lateral surfaces of samples.
Parameters of complex treatment of AlSi7 melt alloy (microalloying with Sr — Sc + hydrogen melt treatment) were at
first determined. The structure and phase composition of the cast aluminum alloy which ensured its rolling with the
degrees of the total logarithmic (“true”) deformation up to 1,19 were first determined. Practical value. The improved
mode of metal deformability limiting degree definition at rolling process of wedge-shaped samples made possible to
increase clarity and simplify the experiment. The modification composition and the hydrogen treatment time parameters
optimization allows obtaining rolled products from the AlSi7 cast alloy.

Keywords: technological deformability limiting degree; rolling; wedge-shaped samples; cast AISi7 alloy;
hydrogen melt treatment
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AHoTtaniss. Mema Oocnidrcennsa — yIOCKOHAJICHHS METOAWKH BU3HAYEHHS TPAHWIHOTO CTYNECHS TEXHOJIOTIYHOI
nehOpMOBAHOCTI METAJIIB Ml Yac MPOKATKH KIMHOMOMIOHMX 3pa3KiB, a TaKoX 3’SCyBaHHS 3aKOHOMIPHOCTEH BILTUBY
KOMIUIEKCHOT OOpOOKHM pO3IUIaBy Ha TpaHM4YHUH cTymiHb JgedopmoBaHocTi crmaBy AK74 3a XoJomHOi NpoKaTku
KIMHOMIOIOHUX 3pa3kiB. Memoouka. O0’€KT TOCTIIKEHHS — TUBAPHUIA almoMiHieBuii criaB AK74 BUXITHOTO CKIIaLy
Ta TaKWi, IO MICTUTh KOMIUIEKC Sr — Sc; B JIMTOMY CTaHi Ta Iiciisi BOAHEBOI 00poOKHM posruiay. JlocmimpkyBanu
3aKOHOMIPHOCTI BIUIMBY KOMIUIEKCHOT 00pOOKHM po3IUIaBy Ha CTPYKTYpY Ta I'paHH4HY AedopMOBaHICTh crutaBy AK74.
3aIporoHOBaHO YAOCKOHAJICHY METOAMKY BH3HAYCHHS I'PAHUYHOIO CTyHeHs nedopmanii METamiB IMiJ 4ac MPOKAaTKH
KIMHOMOAIGHUX 3pa3kiB. [i 3acTocoByBamu mia yac npokaTku 3i mBHaKicTio 0,3 M/c Ha MabopaTopHOMy cTaHi 1yo 180.
Bynu BcTaHOBNEHI CTayeBi 3arapToBaHi BaJIKM 13 MIOPCTKICTIO R ~ 1 MKM 1 He3MmalleHOw noBepxHer. Po3mipn
BHXIHHX 3pa3KiB CKIAIHU hg; = 3 MM, hgy = 11 Mm, by = 10 MM, [y = 46 MM. MiKpOCTPYKTYpy BUBYAIHN 33 CTAHAAPTHUMH
METOIMKaMH Ha oOJIagHaHHI, M0 NpoHmmo aepxknepeBipky. Haykoea nosusna. OTpumaia pO3BUTOK METOAMKA
BHM3HAYCHHS TPAaHUYHOTO CTYIIEHS TEXHOJIOTIYHOI Ae(OPMOBAHOCTI METANIB IIil Yac MPOKATKH KIMHOMOIOHUX 3pa3KiB.
Po3pobnena metoanka — po3paxyHKOBa Ta He MOTpeOye HAHECEHHsS PHUCOK Ha OiYHI MOBEpPXHI JOCTITHUX 3pa3KiB.
VYnepiie BU3HAUEHO MapaMeTpr KOMIUIEKCHOI 00poOkH po3miaBy ciutaBy AK749 (MikpoJieryBaHHS KOMILIEKCOM St — Sc
+ BomHeBa 00poOKa pO3IUIaBY), a TaKOXK OCOOJMBOCTI CTPYKTYpH Ta (ha30BOTO CKJIaay JHUBApHOTO AITIOMIHIEBOTO
CIIaBy, Kl 3a0e3Me4yloTh HOro MpOKATKy 31 CTYNEHEM cyMapHOi jorapu¢miuHoi («ictmHHOI») nedopmanii xo 1,19.
Ilpakmuuna 3nauumicms. HoBa MeToiMKa BU3HAUCHHS TPaHUYHOTO CTyNeHs nedopmanii MeTaiB mij 4ac MpOKaTKH
KIMHOMOMIOHNX 3pa3KiB JO3BOJNHJIA MiABUNIMTH TOYHICTH 1 CIPOCTHUTH TPOBEACHHS eKcrepuMeHTy. Onrumizairis
ckiany MoangikyBaHHS 1 4YacOBHX IIapaMeTpiB BOJHEBOI OOpOOKHM pO3IUIaBY [O3BOJIMJIA OTPUMATH IIPOKaT i3
nuBapHoro cmaBy AK74.

KuarouoBi cioBa: epanuunuii cmynine mexnonociunoi depopmayii; npokamxa, KiuHORoOiOHI 3pasku; cniaé AK7y;
6800HeB8a 0OPOOKA PO3NIABY
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AunHotauus. Ienvto uccnedosanus SBIseTCS COBEPIICHCTBOBAHUE METOAUKHU OIPEACIICHUS IPEIebHON CTETIEHU
TEXHOJIOTUYECKOW NePOPMUPYEMOCTH METaUIOB TIPH TPOKATKE KIMHOBHIHBIX OOpa3IoB, a TakkKe OIpeiaciieHue
3aKOHOMEPHOCTEH BIUSHUS KOMIICKCHOW 0OpabOTKH paciuiaBa Ha MPEJeNIbHYIO CTENeHb J1e(opMUpyeMOCTH CITIaBa
AK749 nipy XONOTHOW MpOKaTKe KIMHOBUIHBIX 00pa3noB. Memoouka. OOBEKTOM HCCIEAOBAHUS SBISETCS JTUTCHHBIN
aTIOMUHUEBBIA crutaB AK749 MCXOIHOTO cocTaBa M COAEpIKAIIUN KOMIUIEKC Sr—Sc; B JIITOM COCTOSSHHHM W TIOCHE
BOJIOPOJIHOW 00paboTKU pacruiaBa. MccnemoBany 3aKOHOMEPHOCTH BJIMSIHUS KOMIUICKCHON 0OpaOOTKHM paciuiaBa Ha
CTPYKTYpY © mpenenbHyto aedopmupyemocts cruiaBa AK74. IlpemioskeHa yCOBEpIICHCTBOBAHHAS METOIUKA
OTIpE/ICIICHUS MIPECIbHON CTeNeHU eopMalii METAJUIOB MPH MPOKATKEe KIMHOBUIHBIX 00pasuoB. Ee ucmnons3oBanu
IIpU TIpoKaTtke co ckopocThio 0,3 M/c Ha maboparopHoM crane nyo 180. Bbuin ycTaHOBIEHBI CTalbHBIC 3aKaJlCHHBIC
BaJIKA C IIEPOXOBATOCThIO R ~ 1 MKM M HecMa3aHHOW TIOBEPXHOCTHIO. Pa3Mepbl MCXOIHBIX OOpa3IoB COCTaBUIHN
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hor = 3 MM, hg, = 11 MM, by = 10 MM, [ = 46 MM. MUKPOCTPYKTYpY H3y4Yald MO CTAaHIAPTHBIM METOJHMKAM Ha
o0opymoBaHuy, mnpomennieM rocruoBepky. Hayunas noeusna. Ilonyunmna pa3BUTHE METOJIUKA OIPEACICHUS
MPENeNTbHON CTENeHH TEeXHOJOTHYECKOW aehOpMUPYEeMOCTH METaUIOB MpPH MPOKATKe KIMHOBHAHBIX 0O0pa3IoB.
Pa3zpaboTanHast MeTOMKa SBISCTCSA PACUCTHOW M HE TpeOyeT HaHEeCEHHWS PUCOK Ha OOKOBBIC IMOBEPXHOCTH OIBITHBIX
o0OpasnoB. Briepeie ompeneneHsl mapaMmeTpsl KOMITIEKCHOW 00paboTku paciiaBa crutaBa AK749 (MUKpoJierupoBaHue
KOMITIEKCoM St — Sc + BomopoaHas oOpaboTKa paciiaBa), a Takke OCOOCHHOCTH CTPYKTYPHI M (Pa30BOTO COCTaBa
JUTEHHOTO AJTIOMHHHEBOTO CIUIaBa, KOTOpPHIE OOECHEeYMBAIOT €ro MPOKATKy CO CTENEHBI0 CyMMAapHOM
norapumudeckon («ucTuHHOM») nedhopmanmu 1o 1,19. Ilpakmuueckasn 3nauumocms. HoBast METOIMKA OTIpEACIICHUS
MPECIbHON CTEeIEHH Ne(OPMALIMU METAIIOB MPU MPOKATKE KIIMHOBUIHBIX 00PA3I0B TO3BOJIAIA TOBBICHTH TOYHOCTh U
YIOPOCTUTH MPOBEACHUE SKcrepuMeHTa. ONTHMU3AIMS COCTaBa MOIU(PHUIMPOBAHUS M BPEMEHHBIX IMapaMeTpOB
BOJIOPOJTHOM 00paOOTKHU pacIiyiaBa MO3BOJIMIIA TIOTYYHTh MPOKAT U3 IUTEHHOTro crutaBa AK74.

KuroueBble ci0Ba: npedeivHass cmeneHb MEXHOLOZUYECKOU O0ehopMupyeMocmu, NPOKAMKA, KIUHOGUOHbLE
obpaszyvl; cnias AK74; 600opoonas obpabomxka pacniasa

front end, which corresponds to the place of the
Introduction future characteristic section (fracture) on the

One of the methods for studying the rolled sample.
technological properties of metals is the
evaluation their ultimate degree of deformability
to the normal shaping process damage [1]. When
rolling, such a damage may be the destruction of
the product due to the exhaustion of its plastic
properties, slipping of the roll in the rolls,
breakage of the rolls due to their insufficient
strength, etc. As a rule, identification of the type rl
of process damage is determined by the research
purpose and does not present difficulties. Usually,

7

in such experiments, there is a problem of a b
determining the ultimate degree of metal Fig.1. Diagram of the wedge-shaped pattern:
deformation at which a damage occurs. For this, @ = side view; b = top view;
wedge-shaped samples are often used (Fig. 1), Lowsps> Lipogye — distance from the rolled sample
fed to the rolls with a thin end, and the value of front end to the characteristic location of the rolling
the limiting logarithmic “true” deformation is process failure: destruction or slippage

determined by the formula 1]: To solve this problem, a number of

_l Foap 1) longitudinal marks are applied with a certain step

Enpeo =1 » ’ on the lateral surface of the initial wedge-shaped

' sample before rolling [2]. However, the applied

Forap and Fl — the cross-sectional area of the (“scratched”) strips can be additional stress

sample in characteristic sections corresponding to ~ concentrators, which contribute to premature
each other, before (index “0”) and after (index  destruction of the sample during its plastic
“1”) rolling (for example, at the place of  deformation, and a similar use of labels with
destruction of the sample or its slipping in the  coloring pigments is accompanied by a decrease
rolls). in the accuracy of determining the characteristic
The value F, is determined by the  Cross section due to a change in their size during
metal deformation. Also, such sample preparation

measured values of the height 4, and width 5, of gnificantly complicates the experiment.

the rolled samples in a characteristic section
(Fig. 1). It is more difficult to determine a Purpose
previously unknown place on the initial sample

. ) ) . Improvement of the methodology for
with a height 4, at a distance x,, from its

0xap determining the limit degree of technological

57
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deformability of metals during the rolling of
wedge-shaped samples, as well as to determine
the patterns of the complex melt treatment
influence on the AlSi7 alloy deformability limit
degree.

Material

The object of the study is an AlSi7 alloy,
modified with complex 0,1 % Sr + 0,5 % Sc in
cast and Hydrogen melt treated state (Table 1).

Table 1
The Chemical Composition of the AlSi7 Alloy

Chemical element, % mass.

Al Si Mg Mn Fe Sr | Sc
6870 02-04| 03 | 0204 | — | —
216870 |02-04| 03 |02-04| 01 |05
e}
Methodology and results

During the study, we considered two
possible options.

Option 1. The sample is rolled without
destruction and slipping. Then the maximum
degree of achieved deformation ¢, is

determined by the cross section of its rear end
according to the formula (see Fig. 1):

In hoz ) bo

: Q)
hl 'blz

max

In this case, the resource of technological
deformability of the metal is not exhausted. In
fact:
hoz 'bo )
hl 'blz

> In 3)

8npe()

Option 2. The sample is rolled with a fixed
violation of the process of any kind. For
example, the place of destruction of the sample
after rolling is determined visually (Fig. 2), and
the length /, of the sample part to this place

(Fig. 1) can be measured.
In this case, it is necessary to determine the
degree of deformation of the sample, taking

into account its initial height 4, in the cross

section, which corresponds to the value/,,, .

For this case:
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— after rolling in a characteristic section

(where there is destruction / slipping):
Exap = hl : b (4)

— before rolling in the appropriate section
(so far unknown):

xap ?

FOxap = hOxap ’ bO ° (5)

For wedge-shaped samples in general form:

hOxap = hOl + h02 l_ hOl ’ Oxap * (6)
0

From the conditions of volumes constancy:
I/l = V() 5 (7)

V,, V, — the metal volume before and after the
sample rolling to its characteristic section.

If we neglect the curvature of broadening
b;, which is permissible for b, > A, :

1

Vlzz(bu"'b )'hl'l ®)

xap Ixap *

This volume corresponds to the original
volume:

1
VO = hOl : bO : xOxap + E ' bO : (h0xap - hOl ) ' xOxap

and taking into account the formula (6):

1 hy, —h
VO = hO] .bO ’ xOxap +5 : b() : (h()] +% : x()xap - hOl)' ‘x()xap
0

)

When substituting expressions (8) and (9)
into equality (7) after simple transformations
for the root of the quadratic equation that has
physical meaning, we have:

+\/(hh§1 25 . 4 b (b +b,,) 1y Ly (10)
02~ "ot

(hoz - hm) ‘bo
Then the algorithm for determining the
ultimate degree of metal deformation is as
follows:
— samples are measured (Fig. 1) and
deformed in one pass with the provoked
possibility of disruption of the rolling process.

X _ h01 'lo
Oxap —
hoz - hm

After rolling, the position /[y, of the
characteristic cross section is  visually
determined;
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— the required dimensions of the sample are

measured after rolling, and the value x,,,1is

calculated by the formula (10);
— h,. determined by expression (6);

Oxap
- F,,,, —determined by expression (5);
- F,,, — determined by expression (4);

— ultimate degree of deformation ¢,,,—

according to the formula (1).

An improved technique was used when
rolling at a speed of 0,3 m/s at the laboratory mill
duo 180. Steel hardened rolls with a

roughness R, ~ lmxm and an ungreased surface

were installed. The sizes of the initial samples
according to Figure 1 are hy; = 3 mm,
hog =11 mm, b()= 10 mm, l()= 46 mm.

In the first series of experiments, samples of
cast alloys AlSi7 and AlSi7(Sr,Sc) [3; 4] in the
cast state and after hydrogen treatment carried out
in accordance with [5] modes were rolled with a
gap between the rolls less than 4, (Fig. 1). Each

experiment is duplicated 3 times.

After rolling, the samples were measured
with an accuracy of 0,01 mm using a micrometer
(thickness, width) and 0,1 mm with a caliper
(length).

The appearance of characteristic samples
before and after rolling is shown in Figure 2.
From these data it is seen that the determination
of the size of the samples after rolling does not

cause difficulties.
b

c d

Fig. 2. View of samples of AlSi7 and AlSi7(Sr, Sc) alloys
in initial state and after technological deformability
tests: a, b — AISi7; ¢, d — AISi7(Sr, Sc); a, ¢ — cast state;
b, d — after hydrogen melt treatment
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The  microstructures of  AlSi7 and
AlSi7(Sr, Sc) alloys in the cast state and after
hydrogen treatment are presented in Figures 3 and
4, and the quantitative dependences of the structure
characteristics (D, A — size and the shape
parameter of eutectic silicon crystals, respectively,
L is the distance between silicon crystals in
eutectic) are in Figure 5.

Data of Figures 4-5 indicate the geometric
orientation of a-Al grains in the direction of the
principal axis of deformation and partial crushing
of eutectic silicon and intermetallic phases.

Fig. 3. Structure of the AISi7 alloy in the cast state (a, b)
and after hydrogen treatment (c, d):
a, ¢c— x100; b, d — x500

Wogr o F‘ﬂg S
4, o '-cff:'ﬁ"ﬂ‘ :
i

PN S T

Fig. 4. Structure of AISi7(Sr, Sc) alloy in the cast state
(a, b) and after hydrogen treatment (c, d):
a,¢c— x100; b, d— x500
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The decrease in the average size of eutectic
silicon crystals, the shape parameter of eutectic
silicon crystals is associated with the grinding
of eutectic silicon, especially in coarse-grained
eutectics, and the orientation of the eutectic
silicon crystals in the direction of the principal
deformation axis.

The results of the deformability limit
calculations of the tested samples are presented
in Figure 6.

1 41
108 \ . A
95 N - \\
E o AN g \
x \ <
E 85 N Ezg
(=3} a \
o \\ a7
4 36
65
6 35
before rolling after rolling before rolling after rolling
—+=casting —~—hydrogen treatment —=casting ===hydrogen treatment
AISi7 AISi7(Sr-Sc)
a b
34 23
a2 LN 2.1 \
3 AN 19 B
as N 17 \k\
28
<. ~ N\ < 15 ~
$ 13
24 N \, 11
22 \: 09
2 i 07
before rolling after rolling before rolling after rolling
=e=casting  =s=hydrogen treatment =+=casting =se=hydrogen treatment
AlISi7 AISi7(Sr-Sc)
c d
35 2
2113 1.8 =
ol I 16 N
. 14
g27 AN £z TN
E25 E 1 -~
23 08
21 0.6
1,9 \ 04
17 0,2
15 0
before rolling after rolling before rolling after rolling
—casting  =i=hydrogen treatment =e=casting =s=hydrogen treatment
AISi7 AISi7(Sr-Sc)
e A

Fig. 5. The AISi7 and AISi7(Sr, Sc) alloys structure
characteristics dependences in the cast state and after
hydrogen treatment: a, b — the size of the eutectic silicon
crystals, ¢, d — the eutectic silicon crystals shape

parameter, e, f — the distance between silicon crystals in
eutectic a, c, e — AlSi7, b, d, f— AlSi7 (Sr, Sc)

It is shown that the greatest influence on
the deformability of the AlSi7 alloy is exerted
by the complex physicochemical treatment of
the melt — microalloying with strontium and
scandium at an optimal concentration of [2—3]
— hydrogen treatment (20 minutes). The
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deformability of the alloy increases by 60 %
compared to the cast alloy of the original
composition.

1
0,95
0,9
0,85
0,8
o
L o,75
w
0,7
0,65
0,6
0,55
0,5
Cast

H2 20min  40min 60min 90min

——AISi7 -=AISi7(Sr-Sc)

Fig. 6. Dependence of technological deformability of
AISi7 and AISi7(Sr, Sc) alloys — on the mode of hydrogen

melt treatment

Conclusions

1. The improved method for determining
the ultimate degree of metal deformation during
rolling of wedge-shaped samples is proposed. It
allows increasing accuracy and simplifying the
experiment.

2. The method is tested in laboratory
conditions for the detection of a rational
combination of factors of complex influence in
the microalloying strontium-scandium complex
and hydrogen melt treatment, which provide a
significant increase in the cast aluminum alloy
deformability.

3. The obtained dependences of
technological deformability on the composition
of the AlSi7 alloy and the mode of hydrogen
treatment of its melt indicate an increase in the
deformability of the alloy by 60 % with the
complex physicochemical effect of
microalloying with strontium and scandium and
hydrogen melt ‘treatment for 20 minutes
compared with cast alloy.

4. The structure of AlSi7 and AlSi7 (Sr, Sc)
alloy in the cast state and after hydrogen
treatment according to optimal modes after
rolling with the ultimate degree of deformation
was studied. There is a geometric orientation of
the grains of a-Al solid solution in the direction
of the principal axis of deformation and partial
crushing of eutectic silicon and intermetallic
phases.

5. For the first time, the method of rolling
obtained the strip 2,4 mm thick from the
workpiece of alloy AISi7 (Sr, Sc) with a
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maximum thickness of 11 mm, which allows to  using pressure treatment methods. The true
expand the use of foundry alloy AK7h for the  deformation of the AISi7(Sr,Sc) alloy after
manufacture of products both by casting and  hydrogen treatment (20 min) was 1,19.
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