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Abstract: In order to simulate the pressing of hollow profiles made from aluminum alloys, the previously developed design algorithms for
the pressing tool and the QForm software were utilized. The objective of this study was to enhance the quality and decrease the design time
intervals for pressing tools used in the industrial production of aluminum alloy profiles. A novel design procedure for a combined tool, along
with the technology of semi-continuous pressing with welded hollow profiles made from aluminum alloys, was proposed. This was achieved
using the QForm software, which enables efficient calculations and adjustments of pressing parameters and tool geometry through a dialog
interface. The developed algorithm and design procedures enable the drawing of hollow profiles, technological calculations of pressing
parameters, selection of a suitable horizontal hydraulic press, matrix and splitter design, determination of strength parameters, assessment
of equipment load, and preparation of working drawings for the pressing tool. In order to validate the effectiveness of the design procedure, it
was applied to typical hollow profiles fabricated on a commercial scale. Two variations of the pressing tool design were examined. Simulation
results obtained from QForm Extrusion software, specifically designed for pressing analysis, revealed that the initial design of the tool, with
predetermined technological parameters and geometry of the splitter and matrix channels, resulted in uneven flow of profile elements and
temperature distribution. However, by adjusting the tool parameters, it was possible to achieve a straight profile exit from the matrix and a
uniform temperature distribution across its cross section. Industrial verification of the designed tool, utilizing a 33 MN hydraulic horizontal
press for pressing profiles made from alloy 6063, demonstrated that significant modifications to the matrix and splitter were not necessary.
By employing the proposed pressing tool design, batches of products were successfully manufactured in compliance with the required technical
specifications, while reducing the design time intervals of the pressing tool by approximately 50 %.
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AnHortanus: 1t MooeIMpoBaHMsl poLecca MPeccoBaHMsI MONBbIX NPOoduaeil U3 aTIOMUHUEBbIX CIJIABOB UCIOJb30BaHbl pa3paboTaH-
HbIE paHee aJITOPUTMBI TTPOCKTUPOBAHUS MTPECCOBOTO MHCTPYMEHTA M MIPOrpaMMHBIN KoMIuieke «QForm». Lleibio mpoBeneHHBIX MC-
CIIeOBAHUIA SBJISIOCH MOBBIIIEHUE Ka4eCTBa U CHUXXEHUE CPOKOB MPOEKTUPOBAHUS TIPECCOBOTO MHCTPYMEHTA JJISI TIPOMBITILIEHHBIX
yCJIOBUI TPOU3BOACTBA NMpoduieil U3 alloOMUHUEBLIX CMIaBOB. [IpeanoxeHbl HOBass METOAMKA MPOEKTUPOBAHUSI KOMOMHUPOBAHHOTO
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WHCTPYMEHTA U TEXHOJIOT MU JIJISI TOJIY HEITPEPHIBHOTO MPECCOBAH U S CO CBAPKO#A TOJIBIX PO UIIeii U3 aTIOMMHHUEBBIX CIJIABOB C [TOMOIIIbIO
MIPOrpaMMHOro KoMIuIeKca «QForm», KOTOPBIii TO3BOJISIET B TUAJIOTOBOM PEXMME OTIEPaTUBHO MPOBOJUTH MHOTOBAPUAHTHBIE PACUYETHI C
MocJenyonieil, eCau He0OXOAUMO, KOPPEKTUPOBKOM TEXHOJIOTMYECKUX ITapaMEeTPOB IIPECCOBAHM S M TeOMETPpUM UHCTpyMeHTa. Co3aaHbl
QJITOPUTM U MPOLEAYPBl TPOSKTUPOBAHMSI, KOTOPBIE 1alI0T BO3MOXHOCTb BBIMOJHUTB YePTEXK MOJIOro Npodusi, OCyLIeCTBUTh TEXHOJIO0-
rMYecKue pacuyeThl MapaMeTPOB ITPECCOBAHUS M BBIOOP TOPU3OHTATIBLHOTO IMIPaBIMYECKOTO Mpecca, CIPOeKTUPOBATh MATPUILY U pacce-
KaTeJb, IPOBECTH MPOYHOCTHBIE PACUETHI, ONIPENETUTh CUIIOBYIO 3arPy3Ky 000PYIOBaHUS U MOATOTOBUTH paboure YepTeK U MPECCOBOTO
MHCTpYMeHTa. L1151 mpoBepKU paboTOCMOCOOHOCTH pa3pabOTAHHOM METOAUKY MPOEKTUPOBAHUS IPUBEIEH MPUMED ee peaau3aluu Aast
OJIHOT'0 M3 TUIOBBIX MOJIBIX TPOGUIIEi, U3rOTaBIMBAEMOr0 B IPOMbILLIJIEHHOM POU3BOACTBE. PaccMOTpeHO MpoeKTUPOBaHKE ABYX Bapu-
AHTOB ITPECCOBOro MHCTPyMeHTa. C TOMOIIBIO MOJIEIMPOBAHMSI C UCTIOJIb30BaHUeM nporpaMMbl «QForm Extrusion», mpeaHa3HaueHHO#
IUJISI aHAJIN3a TIPOIIECCOB MPECCOBAHUSI, YCTAHOBIJIEHO, YTO MEPBbIii BADUAHT KOHCTPYKIIMYA MHCTPYMEHTA MPU 3aTaHHBIX TeXHOJIOTUYe-
CKMX MapamMeTpax U reoOMeTPpUM KaHaJoB pacceKaTesNsi U MaTPUIbl MPUBOAUT K HEPABHOMEPHOCTU MCTEUYEHUS PA3JTUUYHBIX 2JIEMEHTOB
npoduis u Temrnepatyp. B pesyabraTe npoBeaeHHON KOPPEKTUPOBKU MTapaMeTPOB MHCTPYMEHTA y1aJ0Ch AOOUTHCS MPSIMOJIMHEHHOCTH
BbIXOJa MPOMUIIS U3 MATPUIIBI U PABHOMEPHOCTH paclpeleieHusi TeMIlepaTyp o ero ceueHuo. [IpoMblieHHOe ONpoOoBaHUe CIIPO-
eKTUPOBAHHOTO MHCTPYMEHTAa Ha TUIPABIMYECKOM TOPU30HTaIbHOM Tpecce ¢ yeusnueM 33 MH s mpeccoBaHus mpoduis U3 criasa
6063 mokazaso, 4YTO CYILIECTBEHHOI 10pabOTKY MaTPUIbl U paccekaTelist He Tpedyercs. C MpuMeHeHUEM MPEeAIOKEHHOW KOHCTPYKIIM I
MPeccoBOro MHCTPYMEHTA MOJyUYeHbl NapTUU MPOLYKLIMHU, COOTBETCTBYIOLIEH TPeOOBAHUSIM ACHCTBYIOLIMX TEXHUYECKUX YCIOBU I, TPU
9TOM CPOKU MPOEKTUPOBAHMUSI ITPECCOBOTO MHCTPYMEHTA COKPAIIEHbI TPAKTUUYECKHU B 2 pa3a.

KoueBbie c10Ba: aTIOMUHMEBBIE CIIJIABbI, MOJbIe MPOMUIN, MTpeccoBaHUEe, TOPU3OHTAIBHBIN TUAPABINYECKUIT Tpecc, KOMOMHUPOBaH-
HBIIl UHCTPYMEHT, TEXHOJOTMYECKHE PacyeThbl, METOAMKA U MPOLELYPbl TPOEKTUPOBAHUSI.
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Introduction

Currently, the primary approach for manufacturing
hollow aluminum profiles involves the utilization of a
semi-continuous pressing method with a combined tool
[1—7]. This method entails pressing profiles with a weld-
ing process at the center of deformation, using a com-
bined tool consisting of a matrix and a splitter. The matrix
shapes the outer contour of the profile, while the splitter
forms its inner contour. During the pressing operation,
a workpiece is inserted into a container and divided into
multiple metal flows by the splitter. These metal flows are
then directed into the welding chamber, where they are
fused together under high temperatures and pressure to
form a hollow profile with the desired cross-section.

Ensuring uniform outflow velocities of different pro-
file elements from the matrix is crucial for producing
high-quality pressed items during the pressing process.
Significant variations in element velocities can lead to
various defects such as twisting, waves, deflections, and
barrels. These defects may persist even after subsequent
corrective measures such as tensioning. Thus, achieving
the correct positioning of the profile on the matrix mir-
ror and implementing effective working braking bands
on different segments of the tool are important conside-
rations in pressing tool design. In addition to improving
the quality of aluminum alloy profiles, it is necessary to
enhance production efficiency.

To increase efficiency, reducing order fulfillment
time by minimizing idle time and optimizing operations
at all stages of production is a promising approach. Ra-
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pid adjustment and quick initiation of repeated preco-
ders are key factors in achieving this goal.

Extensive research has been conducted on pressing
techniques, as evidenced by numerous studies [§—20].
However, to date, there is a lack of an established pro-
cedure and software specifically designed for the design
of tools and the technology of semi-continuous pressing
for hollow profiles made from aluminum alloys using a
combined tool.

Scientific and technical publications indicate that
the most suitable software for practical application in
this area is INPRESS CAD [21]. This software consists
of four subsystems, each equipped with calculation and
design procedures that facilitate the preparation of docu-
mentation for the implementation of specific techno-
logical processes. One of these subsystems focuses on
the design of solid profiles from aluminum alloys. It
enables the calculation of calibrating bands, the creation
of drawings for matrices, prechambers, substrates, and
other types of pressing tools, as well as the determina-
tion of force conditions and the selection of equipment
for semi-continuous pressing of aluminum alloys. Addi-
tionally, there exists a subsystem dedicated to the design
of pressing tools and the fabrication technology of hollow
profiles. However, despite its potential, the use of this
software is limited due to the complexity of the proce-
dures involved in designing matrices and splitters. These
procedures cannot be easily formalized or automated.
As a result, combined tools are currently designed using
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an interactive approach, relying on the expertise and ex-
perience of professionals in the field, such as designers
and technologists [22—25].

Furthermore, the simulation of pressing processes is
currently carried out using the QForm Extrusion software
[26] developed by Kvantorform company, Moscow, Rus-
sia. This software is based on the finite element method
and offers several advantages. It enables the simulation
of metal flow during pressing operation and provides an
estimation of profile quality [27; 28]. Moreover, it takes
into account for the influence of tool deformation on the
pattern of profile outflow. One of the notable benefits of
QForm Extrusion is its ability to rapidly calculate these
processes, surpassing other comparable software such as
DEFORM 3D. This allows the quick execution several of
multiple calculations and significantly reduces the time
required for tool design and implementation.

The objective of the conducted studies was to en-
hance the quality of aluminum alloy profiles and reduce
the design intervals for pressing tools in industrial ma-
nufacturing conditions using QForm software.

Experimental

In general, the design procedure and calculation of
pressing technology for hollow profiles follows a similar
process to that of solid profiles [21]. The procedure can
be broken down into the following steps:

1) formation of the profile’s normal drawing:

— creation of a normal drawing of the profile;

— perform typical calculations such as perimeter,
surface area, circumcircle diameter, etc;

— coordinate the drawing with the customer;

2) technological calculations and selection of main
pressing parameters:

— determine the extrusion process settings;

— conduct preliminary calculation for pressing
force and select the appropriate hydraulic press
and number of channels;

— calculate the workpiece length;

3) design of matrix set:

— determine the allowances for profile sizes;
— position the profile on the matrix mirror;

4) design of the splitter (boxes, tab, input region on
the splitter, and other relevant components);

5) design of the matrix (welding chamber, precham-
ber, presetting of fillet and angle of output zone, and
other necessary elements);

6) verification of strength calculations and assess-
ment of console elements of the tool;

7) adjustment of calibrating bands on the matrix and
the splitter;

8) design of the substrate, special substrate, and any
other required components;

9) preparation of the working drawing for the press-
ing tool;

10) calculation of the pressing force and selection of
an appropriate press.

By applying this design procedure, significant re-
ductions in production preparation time and metal
consumption for tool adjustment can be achieved (see
Fig. 1). Ultimately, this leads to a reduction in the overall
production costs of the final products.

Results and discussion

Let us illustrate the application of the proposed de-
sign procedure through a practical example involving
a standard profile made from aluminum alloy 6063, as
depicted in Fig. 2. The profile comprises two distinct
planes: square / (representing the first part) and rec-
tangle 2 (representing the second part). The wall thick-
ness remains consistent at 1.25 mm along the entire
perimeter, while the surface area of the transverse
cross-section measures 450 mm?.

Upon completion of the normal drawing, a 33 MN
hydraulic press was chosen for the pressing operation,
with an extrusion coefficient of 106. The initial geomet-
rical parameters and technological conditions for simu-
lating the pressing process were then set as follows:

Designing Fabrication Pressing Obtaining good products
(up to 7 days) (30-40 days) (1-4 days) (6-7 days)
Adjustment Adjustment
(up to 7 days) (up to 7 days)

Fig. 1. Sequence of design procedures of the tool using QForm Extrusion simulation software

Puc. 1. Cxema nmocie10oBaTeIbHOCTH IPOLEAYP MPOEKTUPOBAHUS MHCTPYMEHTA
C MMPpUMEHEHUEM TTPOTpaMMbl KOMITbIOTEpHOTO MoaeupoBaHus «QForm Extrusion»
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Fig. 2. General view of profile from alloy 6063

Puc. 2. O6uiunii Bug npodusst u3 crasa 6063

a container diameter of 247 mm, a workpiece (ingot)
diameter of 242 mm, a length of 1000 mm for the work-
piece, a workpiece temperature of 450 °C, a matrix
set temperature of 480 °C, a container temperature of
430 °C, and a pressing velocity of 2 mm/s.

The boundary conditions for calculating friction
stresses at the contact between the metal and the tool
were determined using the Levanov equation [26; 27].
The rheological and thermal technical properties of
alloy 6063 were obtained from the library within the
QForm Extrusion software.

The pressing tool material used was Grade 4Kh5SMFS
steel, chosen for its superior heat resistance in comp-
liance with the specifications for hot pressing. The mate-
rial hardness was measured at HRC = 55+58.

Figure 3 presents the 3D models of the tool for the
selected profile. The first model (Fig. 3, a), represents
the initial configuration used for simulation, while the
second model (Fig. 3, b) shows the adjusted configura-
tion based on the results obtained from the simulation.

The diameter of the sets used in the pressing process
was 340 mm. Each splitter was equipped with 6 boxes,
which effectively divided the continuous workpiece into
6 metal flows. These individual flows were subsequent-
ly combined within the welding chamber, resulting in
the formation of 7 joints along the entire profile length.
In the second design iteration, specific adjustments
were made to ensure an equal amount of metal flowed
through each box per unit of time. This was achieved by
increasing the total surface area of the splitter boxes at
the input to 11416 mm?. Furthermore, the extrusion at
the input of the splitter was reduced to 4.2 units. As a
consequence, these modifications improved the overall
strength of the tool and led to a decrease in the required
pressing force.

Following the development of the 3D model using
QExDD software, a grid was generated for the calcula-
tion region and the tool using QShape software, as de-
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picted in Fig. 4. The models were represented by trian-
gles, with the initial design consisting of approximately
825000 elements, and the second design consisting of
around 900 000 elements. Once the grid was generated,
the models were imported into QForm Extrusion soft-
ware. Within the QForm Extrusion software, the main
process parameters, rheological and thermal technical
properties of alloy 6063, and boundary friction condi-
tions were defined. Subsequently, the necessary calcula-
tions were performed using these predefined parameters
and conditions.

Figure 5 presents the velocity distribution at different
elements of the profile obtained using QForm Extrusion
software with the first design of the tool. It is observed
that the velocity of the square part of the profile (part 1)
is measured at 220 mm/s, and there is no deviation from
straightness. However, the velocity of the rectangular
segment of the profile (part 2) is actually approximately
half of that, resulting in the occurrence of defects.

During the analysis of the metal temperature across
the profile elements (Fig. 6), it was determined that when
utilizing the initial design of the pressing tool, the tem-
perature distribution is non-uniform and ranges from
520 to 570 °C. Such variation in temperature can result
in thermal deformation of the profile, as well as poten-
tial overheating and the formation of thermal cracks in
specific segments of the profile, particularly at higher
temperatures.

The calculations of the stress-strain state revealed
that the elastic deformation of the pressing tool reach-
es 1 mm along the pressing axis, with deflection of the
working bands reaching up to 0.5 degrees. These fac-
tors can contribute to the accelerated deterioration of the
matrix component, including wear of the working bands
and the potential development of cracks. Attempts to en-
hance the initial design of the tool such as adjusting the

Fig. 3. 3D models of pressing tool

a — the initial variant; b — the second variant

Puc. 3. 3D-Moaenu npeccoBoro MHCTPyMEHTa

a — TIepBblii BApUAHT; b — BTOPOIi BApUAHT
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Fig. 4. Subdivision of calculated region into finite elements

a — for the initial design of the tool; b — for the second design of the tool

Puc. 4. Paz6bueHue pacueTHOI 00J1aCTU Ha KOHEYHBIC 3JIEMEHTHI

a — J1J1 11IE€PpBOro BaprvaHTa KOHCTPYKI MU MHCTPYMEHTA, b — nns BTOPOTIO BapuaHTa

First part

Second part

-120
- -140
-160
180
-200

=220

Max: 7.42772
Min: 224,079

Fig. 5. Velocity distribution over the profile cross section for the initial tool design

Puc. 5. Pactipenesnienue ckopocTeil o ceueHU10 MpoduIs IS IePBOTO BapraHTa KOHCTPYKIIUY MHCTPYMEHTA

height of the working band or creating additional metal
inflows, were unsuccessful in addressing these issues.
Consequently, the decision was made to utilize the se-
cond design variant of the tool for further simulations, as
depicted in Fig. 3, b.

The radius of the circumcircle across input boxes
of the splitter remained at 210 mm, while the contain-
er diameter was set at 247 mm. As a result, defects and
variations in chemical composition [29; 30] observed in
the peripheral layers of the ingot were positioned out-

side the profile and remained in the inactive areas of the
container (Fig. 7). The height of the splitter tab was re-
duced to 16.5 mm, thereby increasing the design rigidi-
ty and decreasing the torque due to a shorter lever arm.
The difference in thickness between the working bands
of the matrix and the splitter was 0.5 mm. The welding
chamber and prechamber were designed using the same
algorithm as in the initial tool design, with a height of
12 mm for the welding chamber and 5 mm for the pre-
chamber. As the redesigned welding chamber had a
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Fig. 6. Temperature distribution over profile elements for the initial variant of the tool design

Puc. 6. Pacripenenenue teMmniepatyp 1mo 3jieMeHTaM TpodUIIs 1151 TIEPBOTO BapraHTa KOHCTPYKIIMY WHCTPYMEHTA

smaller surface area, it was expected that the changes
in the shape of the splitter boxes would increase the
strength of the tool. The fillet and output section of the
matrix remained unchanged from the initial design. The
working bands of the matrix and splitter (Fig. 8) were
adjusted, taking into account the new design of the split-
ter boxes and the actual geometry of the profile obtained
from the initial tool design.

Figures 9, 10 present the simulation results of the
pressing process using the second variant of the pressing
tool design, with the same technological parameters as
before.

The analysis of the simulation results demonstrates
that the new tool design greatly improves the homoge-
neity of profile outflow. However, it is observed that the
metal velocity in the first part of the profile is slightly
higher than the average velocity of the profile (Fig. 9).
To address this, the surface area of the square box was
reduced by 10 % and the height of the working band was
adjusted in the subsequent simulation. The simulation
results using the latest tool design (see Fig. 10) show
a homogeneous velocity distribution across the entire
profile cross section, with a velocity of 212 mm/s. This
efficiency is further confirmed by the temperature
distribution (see Fig. 11), where the temperature fluc-
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¥
Fig. 7. Schematic view of formation of dead zones
in container in front of input to splitter boxes

Puc. 7. Cxema ¢hopMupoBaHUs MEPTBBIX 30H B KOHTEHEepe
nepes BXOJAOM B KapMaHbl pacceKaTess
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Fig. 8. Working bands of matrix (a) and splitter (b)

Puc. 8. PaGouue nosicku maTpuiibl (@) u paccekarens (b)

-120

~140

~160

-180

=200

Max: 2,95697
Min: ~220,402

=220

Fig. 9. Velocity distribution over the profile cross section for the second variant of the tool design

Puc. 9. PacnipenesieHre CKOPOCTEil 110 ceueHU 0 MpoduIIst IJisi BTOPOTro BApUaHTa KOHCTPYKLIMU HHCTPYMEHTA

tuation does not exceed 10 °C and the average profile
temperature is 550 °C, in line with the technological
specifications for semicontinuous pressing of hollow
profiles from alloy 6063. In order to validate the simu-
lation results in an industrial setting, pilot pressing of
hollow profiles with the specified dimensions and alloy
6063 was conducted using a 33 MN horizontal hydrau-
lic press at a Russian metallurgical plant. It was found
that the design intervals of the combined pressing tool
were effectively reduced by half, and the proposed tool
design successfully produced profiles of the desired
quality.

The calculated results of elastic deformation and
stress intensity, obtained using QForm Extrusion soft-
ware, are presented in Fig. 12. is evident that the tool
undergoes significant elastic deformation during press-
ing, with a deflection of 1 mm along the pressing axis.
Consequently, due to high stress intensity, there is a pos-
sibility of defects such as cracks.

Based on the simulation data, a decision was made to
redesign the chamber at the splitter input and increase
the rounding radii of the splitter. This modification led
to a reduction in the loads on the tool and the required
pressing force.
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- —140
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- =180

Max: 2,90528
Min: -200,293 - =200

Fig. 10. Velocity distribution over the profile cross section for the second variant of the tool design after its modification

Puc. 10. Pacnipeaenernue ckopocTeii Mo cedyeHu o mpoduisi 1Jsi BTOPOro BapuaHTa KOHCTPYKIIMU MHCTPYMEHTA
rocJe ee 10paboTKM1

t,°C

580
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565
560
555
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545

540

Fig. 11. Temperature distribution over the profile elements for the second variant of the tool design

Puc. 11. PacnipeneneHue TemmepaTyphbl 10 3j1eMeHTaM poduis A1l BTOPOro BapraHTa KOHCTPYKIIMU MHCTPYMEHTa
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a Z, mm
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Min: -1,16027

Fig. 12. Tool deformation (@) and stress intensity (b)

Stress
intensity, MPa

1600
1500
1400
1300
1200
1100

Max: 1649,33
Min: 2,29411

Puc. 12. leopmanivisgs mHCTpYMeHTA (@) U UHTEHCUBHOCTD HaTIpsikeH U (b)

Conclusions

The proposed design procedure, combined with the
utilization of QForm Extrusion software, successfully
simulated the pressing of hollow profiles from aluminum
alloys. This approach eliminated the need for repeated
adjustments of newly fabricated matrix sets through tri-
al pressing, thereby reducing the time required for the
production of new profile ranges. In order to validate the
simulation results in an industrial setting (Russian me-
tallurgical plant), pilot pressing of hollow profiles made
from alloy 6063 was conducted using a 33 MN horizon-
tal hydraulic press (see Fig. 2). The results confirmed
that no major modifications to the matrix and splitter
were necessary, and the proposed design of the pressing
tool enabled the production of industrial-grade pro-
ducts that met the requirements specified in the techni-
cal specifications.
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