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Abstract. The article investigates the process of rolling aluminum strips with aluminum wire
inside for the solar collector components. The closure of coal mines, the constant rise in the cost of
oil and gas compel to refer to the methods for producing renewable (alternative) energy. An urgent
problem is the enhancement of solar manufacturing technologies in order to improve the quality and
reduce the cost of products. The article presents the results of experimental and theoretical studies
of the hot rolling process of aluminum strips with aluminum wire between them for internal collec-
tor channels. The velocity fields were researched; dependence on the rolling load changes for dif-
ferent degrees of deformation was obtained.
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It was found that for obtaining high-quality welding strips with wire between them the degree
of deformation should be more than 35%. The comparison of the dependencies obtained experimen-
tally and with the theoretical calculations was carried out, which showed a high degree of similarity.
The comparison of the dependences obtained experimentally with the theoretical calculations was
carried out, which showed a high degree of reproducibility, repeatability and similarity. Scientific
novelty of the research lies in the parameters justification of hot rolling process of two aluminum
strips with aluminum wire between them for partial welding of aluminum strips. These results can
be used in industrial processes for the parts production of solar collectors in alternative energy. This
study was supported by German Academic Exchange Service (DAAD) in the framework of Ger-
man-Ukrainian project «Praxispartnershaft Metalurgie».

Keywords: hot rolling, the aluminum strips, internal channels, the degree of deformation.

Introduction

In recent years, the closure of coal mines, the constant rise of the cost of oil and
gas compel to pay attention to the methods for producing so-called renewable (alter-
native) energy, which undoubtedly will soon need to gain energy independence and
compensate the lack of conventional fuels. The main advantages of these technolo-
gies are the absolute environmental friendliness, ease of use, long operating systems,
minimal service and maintenance. Using renewable energy sources, we have a signif-
icant effect on the environment and energy crisis in the world, as well as we get inde-
pendent of traditional forms of energy, significant cost savings and confidence in the
future. One of the main sources of energy for this type of systems is the sun energy.

The use of sun energy in our country has a special place, because climatic condi-
tions especially in south of Ukraine allow to use all year round effectively solar sys-
tem, which based on solar collectors for autonomous hot water and heating. Solar
systems are equipment for heating water, which include solar collectors. The technol-
ogy of collectors’ production is constantly evolving and developing in order to im-
prove the quality and reduce the cost of products. One of the main step of this tech-
nology is partial connection of aluminum strips with getting inner channel between
aluminum strips.

The study of the plastic deformation process in hot rolling of aluminum strips
with aluminum wire will allow setting the technological features of manufacturing
process of these parts. A key point of producing such types of parts of solar collectors
Is creating inner channel between aluminum stripes easier, cheaper and more effec-
tively. One of possible variants of its solution is a partial connection to the two alu-
minum strips with an aluminum wire between them during hot rolling.

Formulation of the problem

The aim of this research is to study the plastic deformation parameters of joint-
rolling the two aluminum strips with an aluminum wire between them to obtain an
aluminum plate with internal channels.

Condition of the problem
Questions of aluminum strips hot rolling were studied by many scientists. The au-
thors in [1] found that the bonding strength of the material in hot rolling can be com-
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pared with the original material strength. It was also found that the most important
parameter in the process of rolling is the initial temperature, the annealing tempera-
ture, elongation and roll speed. The most important factor is the temperature. It was
also found that the hot rolling gives greater bonding strength than the cold one. Influ-
ence of rolling temperature on the microstructure and mechanical properties of the
aluminum strips was investigated in [2].

Based on the studies [3] model compound bimetals multilayer has been devel-
oped, whereby the especially of anisotropy of deformation bounding were deter-
mined, it was analyzed the influence of such parameters as friction coefficient, de-
formation coefficient, roll radius on the quality metal compounds. Those parameters
could be used in our researches.

In a study [4] was determined dependence during the heat treatment of the influ-
ence of the frictional coefficient on the compound of aluminum strips. It is found that
the rate of bond strength increases with increasing annealing temperature, moreover,
the extreme value of strain for the compounds decreases with increasing annealing
temperature.

In a study [5] the processes of hot and cold rolling welding of two aluminum
strips with several thicknesses and varying deformation degrees and temperature
were researched. The strain and temperature limit were found at which the compound
of aluminum strips with hot and cold rolling take place.

Scientists [6] found that not only materials but geometry of the channels influence
on the quality of collector. In this study, production technology of multichannel col-
lector was optimized by rolling and partial welding. The various forms of channels
were tested experimentally and the most optimal form was identified.

The results and achievements of studies that were conducted earlier have been
studied and taken into attention in our experiment. A distinctive feature of the exper-
iment is the presence of aluminum wire between the aluminum strips.

Experimental part

For the experiments test specimens in the form of strips of aluminum alloy EN
AW-1050 and aluminum wire from the same alloy were prepared.

The aluminum plate size: 200 mm 70 mm 3 mm (Fig. 1), with holes for rivets in
order to the composition of the two aluminum strips of aluminum wire between them
during rolling was as a single blank without displacement. The aluminum wire of 1.5
mm diameter, 250 mm in length were used.

The experiment was conducted according to the following diagram (Fig. 2). The
two aluminum stripes and wires were degreased by alcohol and connected into the
composition strip - wire - strip and were fixed by rivets to prevent shift of the ele-
ments relative to each other during rolling. The simple was heated in a furnace to a
temperature of 500 0C. The rolling was conducted at the deformation degree of 30-
40%, for 220 mm diameter rolls.

Rolled samples were measured and had heat treatment in an oven at 2000C for
two hours.
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Figure 1 — The example of the experimental aluminum strips sample
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Figure 2 — The scheme of the experiment

The results and their discussion

In the result of this experiment elongation coefficient, spread coefficient, defor-
mation coefficient were calculated. The measurements of rolling load also were cal-
culated during rolling within accuracy 1000 samples per second.

As a result of rolling with a degree of deformation of 30-31% (samples 1 and 2,
Table 1) there was no quality welding and the task has not been achieved. During
rolling with the deformation of 35% and more (samples 3-7, Table 1), surface weld-
ing was successful. According to the results of measurements elongation coefficient,
spread coefficient were calculated and they are proportional to the deformation coef-

ficient.
Table 1 — Deformations indicators
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Ne Width after Length after Deformation co- | Elongation co- Spread
rolling, mm rolling, mm efficient, % efficient, % coefficient, %
1 71,0 270 30,28 35,00 1,43
2 71,0 269 31,00 34,00 1,43
3 71,5 278 36,67 39,00 2,14
4 72,0 297 41,94 48,50 2,86
5 71,8 295 40,83 47,50 2,57
6 71,5 278 35,17 39,00 2,14
7 71,0 276 34,67 38,00 1,43

In the results of researches the border of the deformation degree during the hot
rolling was determined, at which welding of aluminum stripes with aluminum wires
between them take place. The visual sample of this experiment is shown in Fig. 3.

Figure 3 — Aluminum wire before and after rolling

During the experiments the measurements of speed and rolling load were con-
ducted for each experiment.

The simulation of the process by finite element software product Q-Form was
done as well. (Fig. 4) In a theoretical study with the help of the Q-Form software
were set the same process parameters as in experimental studies.

The velocity field was analyzed, that was obtained by simulation hot rolling alu-
minum strips, with aluminum wire.

As a result of simulation the velocity distribution of the metal during rolling was
obtained. The strip speed at the exit of the rolls is 143 mm / sec, strip speed at the in-
let of the rolls is 92 mm / s. At the figture 5 the velocity distribution in the field of de-
formation is shown.
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Figure 4 — Hot rolling aluminum plates simulation in Q-Form
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Figure 5 — Field of speeds in hot rolling aluminum plates simulation

During the research the series of experimental rollings were carried out as well as
simulations to determine the effect of such technological parameters of the process as
temperature, degree of deformation and the diameter of the rolls on the rolling load
and the quality of the strips connection. As the result of research the satisfactory con-
vergence of experimental and theoretical data about the rolling force was received
(Fig. 6).

This conclusion makes it possible to lead further theoretical study of the effect of
temperature, degree of deformation and the diameter of the rolls on the strength and
quality of rolling.
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Figure 6 — The experimental and theoretical data about the rolling force

Conclusions

Making analyze of conducting studies it should be noticed the following. During
the hot rolling of aluminum strips with aluminum wire between them the velocity field,
elongation coefficient, spread coefficient and the deformation coefficient were re-
searched, dependence rolling load from rolling time was obtained for different degrees
of deformation. It was found experimentally that for quality welding strips with wire
between them the rolling load must be at least 35%. The comparison of the experimen-
tally obtained dependences with the theoretical calculations by computer simulation in
the software product Q-Form was conducted, which showed a high degree of reproduc-
ibility. Rationale for the use of this software will allow to reduce in the future the dura-
tion of experimental studies in determining the rational technological process parame-
ters of hot rolling of the two strips with aluminum wire inside to improve the quality of
welding them together in order to obtain plates with internal channels, which are used
in the manufacture of solar collector.
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AHoTanisg. CTaTrTs NpUCBIYEHA JOCIIIHPKEHHIO TEXHOJIOTTYHOTO MPOIECY MPOKATKH allfOMiHie-
BUX MTA0 3 aTIOMIHIEBOIO IIPOBOJIOKOIO BCEPENHI ISl OTPUMAHHS JICTAJIC COHSYHOTO KOJIEKTOPY.
3aunHEeHHs BYTUIbHUX IIIAXT, MMOCTifHE 3pOCTaHHS BapTOCTI HA()TOMPOAYKTIB Ta ra3y 3MYIIYe 3BEp-
TaTUCS JI0 CIIOCOOIB OTPMMAHHSI BiJHOBIIIOBAHO1 (aJIbTEpPHATUBHOI) e€Heprii. AKTyaabHOI € mpoobJie-
Ma BJIOCKOHAQJICHHSI TEXHOJIOTii BUTOTOBJICHHSI COHSYHUX KOJIEKTOPIB 3 METOKO MOKPAIICHHS SIKOCTI
Ta 3MEHIIEHHS BapTOCTi BUPOOyY. Y CTATTI HaBeleHl pe3y/IbTaTH EKCIIEPUMEHTAIBHUX Ta TEOPETHY-
HUX JIOCJIIJKEHb MPOIECY Tapsyoi MPOKATKH ATFOMIHIEBHX IITA0 C aJIFOMiHIEBOIO TIPOBOJIOKOIO MiXK
HUMH JUI OTPUMaHHS BHYTPIIIHIX KaHATIB KOJEKTOpPY. JlOCHiHKEHO MoJie MIBUAKOCTEH, OTpUMaHi
3aJIeKHOCTI 3MIHM CHJIM TIPOKATKH JJIsl Pi3HUX cTyrneHel aedopmariii. Bctanosieno, mo aias oTpu-
MaHHsI SIKICHOTO 3BaprOBaHHS MTa0 3 MPOBOJIOKOIO MK HUMH, CTYIiHb JedopMallii MoBHHHA OyTH
He MeHIe 35%. BukoHaHo MOPIBHSAHHS 3aJI€KHOCTEH, OTPUMAHUX €KCIIEPUMEHTAIBHO, 3 TEOPETH-
YHUMHU PO3paxyHKaMHU, IO MMOKAa3aJId BUCOKHH CTYIiHb 301KHOCTI pe3yibTariB. HaykoBa HOBHU3HA
JOCTIKEeHb ToJIsirae B OOIPYHTYBaHHI MapaMeTpiB MpoIlecy rapsdoi MpOKaTKU JBOX aFOMiIHIEBHX
TI0JIOC 3 ATFOMIHIEBOIO TIPOBOJIOKOIO BCEPEIMHI ISl MAPIialbHOTO, YACTKOBOTO 3BApIOBAHHS AITFO-
MiHieBuX mTad. [IpencraBieni pe3ynbTaTu MOXKYTh OITH BUKOPUCTaHI B TEXHOJOTIYHUX IpoIecax
OTpPUMaHHS JIeTAJICH COHSYHUX KOJEKTOPIB B albTePHATHUBHIN eHepreTull. JlocmiKeHHs, pe3yib-
TaTH SKUX NpPUBEICHI B JaHii CTaTTi, BUKOHAHI B MEXaxX CYYacCHOTO CIIBHOTO HIMEUBKO-
yKkpaiHcbkoro npoekTy «Praxispartnershaft Metalurgiey», sikuii GpiHaHCYETHCSI HIMELIBKM TOBApUCT-
BOM akajeMigHux oomiHiB DAAD.

Kiro4oBi cjioBa: rapsiua mpokarka, alioMiHI€EBA IJIACTHHA, BHYTPIIIHI KaHAIU, CTYHiHb aedo-
pMartii.

AnHoTauus. CTaThs MOCBSIIEHA UCCIETOBAHUIO TEXHOJIOTHYECKOTO MPOIecca MPOKATKH alko-
MHUHHEBBIX I10JIOC C AJIFOMUHUEBON NPOBOJIOKOM BHYTPU Ul MOJTYYEHUS JeTaje COIHEYHOTo KOJ-
JEKTOpa. 3aKpBITHE YrOJNBHBIX IMAaXT, HOCTOSHHBIA POCT CTOMMOCTH HE(TENPOIYKTOB U ra3a BbI-
HY/1aeT 00paIaThCs K Crocodam rnoyiyuyeHust BO30OHOBIIEMOM (aJIbTepHATUBHOMN ) SHEPIUU. AKTY-
QIIHOM SIBIISIETCS MPOOJIEeMa COBEPIICHCTBOBAHUS TEXHOJIOTUH M3TOTOBJICHUS COTHEUHBIX KOJUICK-
TOPOB C IIETbIO YIYYIIEHUS! KayecTBa U YMEHbIIEHHUsS CTOMMOCTU M3Jenuil. B cTaTtbe mpuBeneHb!
pe3yabTaThl HKCIEPUMEHTAIBHBIX U TEOPETUUECKUX HCCIICAOBAHHUH Ipoliecca Topsyeil MpOKaTKh
AJIFOMUHUEBBIX TOJIOC € aJTIOMHUHHUEBOM MPOBOJIOKON MEXTy HUMHU JUIsl OJTYYEeHUs] BHYTPEHHHUX Ka-
HAJIOB KOJUIeKTOpa. MccnenoBaHo mojie CKOpOCTe, MOTy4eHbl 3aBUCUMOCTH H3MEHEHUS CHITBI TIPO-
KaTK{ JJIS pa3iMyHbIX cTeneHell nedopmanuu. Y CTaHOBJIEHO, YTO Ul MOJIYYEHUs] KaueCTBEHHOI'O
CBapMBaHMsI MOJIOC C TMIPOBOJIOKOW MEXTy HUMH CTENeHb aedopManuu 10bkHA ObITh He MeHee 35
%. BBINOIHEHO CpaBHEHME 3aBUCHUMOCTEH, MOJYYEHHBIX 3KCIIEPHUMEHTAIBHO, C TEOPETHUECKUMHU
pacueTaMu, MoKa3aBIliee BHICOKYIO CTETIEHb CXOAMMOCTH pe3yibTaToB. HaydHass HOBH3HA MCCIeo-
BaHUI1 3aKitoyaeTcs B 000CHOBAaHHWHU MapaMeTpOB Ipoliecca ropsueii MPoKaTKM JBYX aJTFOMHUHHEBBIX
MOJIOC C AIFOMUHHUEBON MPOBOJIOKOW BHYTPH IS MAPIHAATBHOTO, YACTHYHOTO CBAPUBAHMSI AITFOMHU-
HUEBBIX Tojoc. [IpuBeaeHHbIe pe3yabTaThl MOT'YT OBITh MCHOJIb30BAHBI B TEXHOJOTHYECKUX MPO-
1eccax IMoJydeHHs JeTanell COTHEYHBIX KOJUIEKTOPOB B abTEPHATUBHON 2HepreTHke. Mccnemnona-
HUS, pe3ylbTaThl KOTOPHIX MPUBEJCHBI B JaHHOH cCTaThe, BBHINOJHEHBI B paMKaX COBMECTHOIO
HEMEeIKO-yKpauHcKoro mnpoekta «Praxispartnershaft Metalurgie», ¢unancupyemoro Hemenkum
o0rmiecTBoM akagemudecknx ooMeHoB DAAD.

KiaueBble cjioBa: ropsdas IpoKaTKa, aTFOMHHUEBAS IJIACTHHA, BHYTPEHHHUE KaHAIIbI, CTETICHb
nedopMaruu.

Cmamus nocmynuna 6 peoaxyuto 29.06.2016
Pexomendosano k nevamu 0-pom mexu. nayx K.K. Cogpuiickum
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