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FEATURES OF ALUMINUM DISC PRODUCTION TECHNOLOGY

The technology features of cast aluminum discs production in the conditions of
«Vector» LLP are presented. Aluminum alloy AK-12 smelting process in induction
crucible furnaces is described in detail. Results of industrial experiments conducted
to reduce the melting time are presented. Initially, the task was set to find the optimal
permissible metal residue (swamp) in the furnace after the melting was drained. Based
on the results obtained, the optimal mass of the swamp was revealed to be 100 kg.

A series of experimental melting was also carried out in order to identify the
difference in the melting duration of the heated billet and the billet at room temperature.
In the conditions of production of the enterprise «Vector» LLP, a reduction in the
duration of melting by 25 minutes was achieved by using the melting method «in the
swampw. Also, the preheating of charge materials in the space of the heating furnace
contributed to the reduction of the melting time by 10—15 minutes. Before making
changes to the technology, a maximum of 12 melts were carried out per day, taking
into account the time for cleaning the furnace crucible and the process of draining
metal from the furnace space. After the changes were made, the melts number and
volume being metal smelted increased almost twice. This allowed the company to
simultaneously put into operation four casting machines, which are supplied with
metal by only one induction furnace with a capacity of 700 kg.

Keywords: aluminum alloys, alloy wheels, melting, induction furnace, productivity.

Introduction

Foundry production has been actively developing recently, new enterprises are
emerging. For example, in Krasnoyarsk there are three well-known enterprises engaged
in the production of cast car wheels.

K&K is one of the most famous and popular Russian brands engaged in the
wheels alloy manufacture based on aluminum alloys. Scad is so popular in Russia that
its products are regularly used on many cars. The production is fully equipped with
high-tech devices and devices for the manufacture of high-quality products. Japanese
and European production lines operate at the plant. Ifri is a fairly young company for
creating high-quality discs. The brand has received high reviews from motorists thanks
to unique design solutions and high durability of finished models.

Not so long ago, the owners and investors of K&K decided to open a production
branch in the territory of the Republic of Kazakhstan to establish a sales market and
increase production capacity [1-4].

The enterprise «Vector» LLP was founded in 2017 in the city of Pavlodar. The
territory of this production is the rented premises and the adjacent territory of the
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enterprise «Gissen Haus». The lessors were also suppliers of liquid aluminum, namely
AK-12 alloy. In 2021, two induction furnaces with a volume of 600 kilograms were
installed and launched on the territory of Vector LLP. The company has started
processing its own waste in the form of chips and defective discs.

The technology of production of cast aluminum alloy wheels is simple and has six
main stages [5-7].

Preparation of molds. In the workshop there is a site where molds are stored, processed
and repaired. In case of premature receipt of an order for the production of a certain model
of alloy wheels, the working staff of this site prepares the mold, its complete cleaning with
the help of a sandblasting unit. Next, the mold is transported to the heating furnace by
means of a loader. Within 2 hours, the mold is heated. After heating the mold to a certain
temperature, it returns to the mold repair site for further painting.

Installation of the mold on the casting machine. After reheating the mold in the
furnace, the loader driver pre-installs the so-called «cart» in close proximity to the casting
machine. The «cart» is a rack with rail tracks fixed on top and a cart mounted on them
with a horizontal plane for the molds to be installed. The casting machine also has grooves
for installing rail tracks that are closed with the tracks of the «cart». After fixing the rail
tracks, the mold is installed on the cart. Next, the working staff rolls the cart along the
rail tracks and begins the installation. First of all, the mold is attached to the upper part
of the casting machine equipped with hydraulic drives. After successful fixation, the cart
returns to its original place, the rails are dismantled. The mold is lowered hydraulically
to the lower part of the casting machine, after which wedges are clogged, eliminating the
possibility of the mold displacement. After fixing the mold on the casting machine, the
air cooling of the mold is connected by sectors. Then, after the successful installation of
the mold on the casting machine, namely, the casting machine is put into operation, and
the mold is heated to operating temperatures due to the liquid metal entering it [8].

Materials and methods

Metal melting is carried out in induction crucible furnaces. Before the furnace is
put into operation, the operability of the main and auxiliary equipment is checked. then
the furnace lining is heated by placing steel/cast iron products in the furnace space and
gradually heating them. After the end of holding a certain temperature in the furnace,
metal products are removed and the furnace is loaded with charge materials [9—10].

After melting the metal and filling the furnace by 85-90 %, a sample of liquid metal
is taken to determine the chemical analysis. The analysis of the sample of the prepared
alloy is carried out on a spectrometer. In case of unsatisfactory analysis, the smelter
brings the alloy to the desired chemical composition (Table 1) by adding alloying
elements or diluting with primary aluminum.
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Table 1 — Chemical composition of AK-12 alloy

Mass fraction of the main components, %

The norm : :
Si Mg Ti Sr Fe
Melting furnaces 11.0-11.8 <0.14 0.1-0.15 — <0.18
Foundry machines |, o 1) ¢ 0.05-0.14 0.1-0.15 0.025-0.035 <0.18
furnaces
The norm Other impurities

Mn Cu Zn Sn Ca Na Li
Melting furnaces <0.02 <0.07 <0,02 <0,0015 | <0.001 <0.001 <0.02

Foundry machines
furnaces

<0.1 <0.02 <0.07 <0,02 | <0,0015 | <0.001 <0.001

In case of full compliance with the required chemical composition, the metal is
heated to the required temperature. Then the smelter uses hydraulic cylinders using
the control panel and releases metal from the furnace space into the casting ladle for
further processing of the alloy at the metal degassing plant. The filler, driving the loader,
transports and installs the filling bucket with metal on the scales to fix the mass of the
metal merged from the furnace. A graphite rotor for mixing metal with a built-in Argon
inert gas supply route is installed above the scales. During the mixing process, alloying
elements such as strontium and titanium are added in the form of cut wire.

After the end of the degassing process, the filler uses a loader with a rotary mechanism
to transport the filling bucket with metal to the foundry site. Foundry workers suspend
casting machines to carry out metal pouring and filling the furnace capacity of the casting
machine. Having alternately filled all the casting machines in operation with metal, the
filler re-weighs the filling bucket. After casting the discs, they are cooled and transported
to the machining site using a conveyor belt. First of all, each disk passes through an X-ray,
which helps to identify visually invisible defects (shells and pores). After passing the
X-ray, the disk enters the drilling rig, where the gate is drilled. Next, the disk is sent to
the first operation performed on an automated machine. After the first operation, the disk
is sent to the workplace to the sawdust, where the burrs and obloy are removed from the
front side. After successful completion of all these operations, the disk is sent to the second
operation, where the final groove of the disk rim is made to the required parameters. After
the grinding is completed, the operator cleans the front side of the disc with a grinding
machine and performs measurements with a measuring tool in order to prevent the
appearance of inconsistencies with the requirements of the certificate of this disc model.

In case of successful completion of all stages of mechanical processing, the disk is checked
by the controller for visual and technological inconsistencies. The control is carried out with
the help of measuring instruments. If not one of the types of defects has been identified, then
the disc is marked with its own QR code and packed in a cardboard box. Next, documents are
drawn up for all packaged car wheels, after which they are sent to the paint shop, where the
products are brought to marketable appearance and sent to warehouses and stores.

Results and discussion

At the moment, the main problem of production is the lack of mass of the metal being
smelted. The reason for the shortage are two main parameters of furnaces used for the
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preparation of the melt, namely their volume and duration of melting. The volume of the
furnaces is 600—700 kg and in order to safely carry out work on the furnace, it cannot be
increased. The duration of melting varies between 80-90 minutes. The beginning is the
moment of starting the furnace, and the end is the discharge of metal from the furnace
space. The task of reducing the melting time of metal is an urgent and quite feasible task.

The task was set to find the optimal permissible metal residue (swamp) in the furnace
after the melting was drained. By conducting experimental melting, the optimal mass
of the swamp was determined, presented in Table 2.

Based on the results obtained, the optimal mass of the swamp was identified, which
is 100 kg. But this duration of melting still does not allow to significantly increase
production volumes. During the period of using primary aluminum in the form of ingots
as the main charge material, it was decided to conduct a repeat series of experimental
smelting. the purpose is to identify the difference in the duration of melting of heated
ingots and ingots at room temperature.

Table 2 — Experimental melting data (Stage 1)
Melting | Furnace | Merged metal Swamp mass Swamp mass left for Duration of

volume, kg| mass, kg remaining from the | the next melting, kg | melting, minutes
previous melting, kg

1 700 610 0 90 110
700 590 90 110 90
3 700 600 110 100 85

A number of measures were carried out to obtain the most accurate values.
Measurements were made of the temperature of the pig that had been in the room for more
than two days. Measurements of the temperature of the pig imported from the street were
made. The temperature in the space of the heating furnace was measured. The staff of the
smelting site was tasked with special control of the parameters of experimental melts.

At the moment of the beginning of metal melting in the normal mode, a muld filled
with a pig of primary aluminum in the amount of 16 pieces (320 kg) was installed in the
heating furnace. Prior to the start of this experiment, the heating furnace was idle due to
the lack of the need to use all four heating chambers. As a rule, no more than two or three
cameras were used at the same time. The experimental data are presented in Table 3.

Table 3 — Experimental melting data (Stage 2)

. Piece Heating time of Initial temperature, °C Temperature Duratlp n
Melting weight, kg | the piece, min after heating, °C of melting,
gnt, kg prece, workshop street 2, minutes
1 320 85 15 - 356 68
319 70 - 8 349 70
3 398 72 16 - 335 70
Conclusions

According to the experimental melting data, the result was achieved by reducing
the duration of melting the alloy in an induction furnace with a volume of 700 kg.
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In the production conditions of the enterprise «Vector» LLP, by making changes
to the technology of metal smelting in induction furnaces, a reduction in the melting
time by 25 minutes was achieved by using the «in the swamp» melting method Also,
the preheating of the charge materials in the space of the heating furnace contributed
to the reduction of the melting time by 10—15 minutes. Before making changes to the
technology, a maximum of 12 melts were carried out per day, taking into account the
time for cleaning the furnace crucible and the process of draining metal from the furnace
space. After the changes were made, the number of melts and the volume of the metal
being smelted increased almost twice. This allowed the company to simultaneously put
into operation four casting machines, which are supplied with metal by one induction
furnace with a capacity of 700 kg.
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*10. . llaopun

«Bexrop» XKIILC,

Kazakcran PecniyOnukacet, [1aBnogap k.
Marepuan 20.09.21 Gacnara TycTi.

AJIOMUHMI JUCKIJIEPITH OHIIPY
TEXHOJIOTUSICBIHBIH, EPEKIIEJTIKTEPI

«Bexmopy JKIUIC ocazoativinoa Kyubliead aiOMUHUNL OUCKIIEPIH OHOIPY
MEeXHONO2USACHIHbIY  epeKwenikmepi kopcemineen. Kyiima Ouckinepdi eHOipyee
apHanean UHOYKYUsblx mueenvoi newmepoe AK-12 anromunutl KOpolmnaculH
bankpimy npoyeci moavlk CUNAMmMaieaH.

Bangbimy  yaxvlmein  KbiCKapmy — OOUbIHWA — JICYPRi3iieeH  OHEPKOCINMIK
aKCcnepumenmmepoiy Homuicenepi KeamipineeH. bankvimyoan Kellin newimeei
KYUblI2aH Memanobly OHMAlIbl pyKcam emiieen Kaiovli2blH (bamnakmoi) maody
MinOemi KouwblLiobl. Anvinean nomudicenep Heizinoe Oamnaxmviy Oymatiivl Maccacol
anvikmanowl, on 100 ke Kypaiiowl.

Conoati-ax Kbl30blpblizan OaublHOAMA MeH O06fime MeMnepamypacblHOazbl
datibiHOamManvly 0aIKy Y3aKmul2blibly AUbIPMAUDBLIbISHIH AHBIKINAY MAKCAMbIHOA
9KCHepUMeHmmiK — OaiKelmyaap — cepuscvl — Jcypeizindi.  «Bexmopy  JKUIC
KOCINOPHBIHLIY OHOIPIC JHcaA20atiblIHOA UHOVKYUAIBIK neumepoe Memaiobl OANKblmy
MEXHONIOSUACHIHA ©32epicmep enci3y apKblibl «bamnakmay» OaiKkeimy mociiin
navoaniany apKwlivl 0AIKbImMY Y3aKmovlabl 25 MUMymKa KblCKapmyad KoJ #CemKizinoi.
Conoati-ax, 6ankvimy ysaxmoizvin 10—15 munymxa Kvickapmy Kol30blpy NeiHiy
Kenicmizinde mMamepuanoapulii aniobli-ana Kbi3ovipyea viknan emmi. Texnonozusea
eseepicmep eneizbec OypuiH, newmiy mueeiin masaiday YaKblmolH JHCOHE Neumiy
KeHicmiciHen Memanovl daz2vl3y NpPOYeciH ecKepe Ombvipbin, moyiiciHe ey Kool
12 6anxvimy srcypeizindi. Ozeepicmep eHeizineeHHeH Kelin OaIKbIMAIapObly CaHbl MEH
OanKpIMuLIAMbIH MEMAIObIH KOJIeMi IC JCY3iHOe eKi eceze Yieatiovl, OYJl KOCINOpbIHaA
0ip meseinde Oip eana 700 ke coilibiMObLIbIZHL OAP UHOYKYUSILIK Neul MemaimeH
KaMMamacsl3 ememin mepm Ky MAuWUHACLIH ICKe Kocyad MYMKIHOIK OepOi.

Kinmmi co30ep: amomunuii Kopvimnanapul, Kyuwvliean Ouckiiep, Oanxwimy,
UHOYKYUATLIK, Nell, OHIMOLTIK.
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*10. U. llaopun

TOO «Bextopy,

Pecny6iinka Kazaxcraw, r. [TaBnogap
Marepuan noctynun B pegakuuio 20.09.21.

OCOBEHHOCTHU TEXHOJIOI'MH ITPOU3BO/ICTBA
AJIIOMUWHUEBBIX JTUCKOB

Ilpeocmasnenvl  ocobenHocmu — MeXHOLO2UU — NPOUIBOOCMBA  JUMBIX
antomunuegvlx ouckos 8 ycrogusx TOO «Bexmopy. Iloopobno onucan npoyecc
BHINIABKU ATIOMUHUEB020 cnaaga AK-12 6 uHOYKYUOHHBIX MuUcelbHbIX neuax 0Jis
NPOU3800CMBA TUMBIX OUCKOS.

Ilpugedenvi pe3ynrbmamul NPOBEOSHHHIX NPOMBIULIEHHBIX IKCNEPUMEHTNOE NO
coxpawenuro epemenu niasku. bviia nocmasnena 3adauwa noucka onmumaibHoO
donycmumozco ocmamka memania (boroma) 6 neyu nocie ciuea naasku. Ha
OCHOBE NONYUEHHLIX Pe3yIbmamos Obiia 6bid6IeHa ONMUMATbHAS Macca 6oioma,
xomopas cocmasnsiem 100 xe.

Ilposedena maxoice cepusi HKCNEPUMEHMATLHBIX NIABOK C Yelbl0 6blA6LeHUs
PA3HUYbl  ONUMETbHOCU NIAGNEeHUSl HASPEeMOU YYWKU U YVIKU KOMHAMHOU
memnepamypul. B ycnosusx npouzeoocmea npeonpuamus TOO «Bexmopy c
NOMOWBIO BHECEHUSI USMEHEHUsL 8 EXHOTIO2UIO GbINLABKU MEANIA 8 UHOVKYUOHHBIX
nevax OvlI0 OOCMUSHYMO COKpaujerue OIUMenIbHOCMU NIAeKu Ha 25 Munym, npu
NOMOWU UCNONB30BAHUSL CNOCObOA NAABKU «Ha Ooaomey. Takoce cokpaweHuio
onumenvHocmu naaeku Ha 10-15 mumym cnocobcmeosan npedsapumenvHulil
Hazpes WUXNOBLIX MAMePUudanos 6 Npocmpaucmee Hazpesamenvhol neyu. o
6HECEeHUsl UBMEHEHULl 8 MEXHON02UI0, 3d CYMKU NPOU3B00UIOCH MAKCUMYM
12 nnasox, ¢ yuémom epemenu Ha YUCMKY mueeis neyu u npoyecc ciuea Memauia
u3 npocmpancmea neuu. Ilocne gHecenus uzmeHeHull KOau4ecmeo niagox u 00veém
BHINIAGIAECMO20 MEMANLIA YEETUUULUCL NPAKTNUYECKU 8 08d PA3d, 4mO NO380IULO
npeonpusmuio 0OHO8PEMEHHO 3anyCmums 8 pabomy uemvlpe JumelHvle MauuHbl,
KOmopbwle CHabcaem Memaniom Tutlb 00Ha UHOYKYUOHHAS nedb émkocmbio 700 Kke.

Kniouegvie cnosa: antomunuessie cniagul, iumuvle OUCKU, NIABKA, UHOVKYUOHHAS
neys, npPoU3E0OUMENLHOCD.
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