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Abstract: Samples of layers welded using coated electrodes containing nano-modified
SiC in different concentration are made. The samples are then treated by annealing and
hardening in two liquid environments, water and oil. The layers thus nanomodified are tested
for Vickers hardness HV15/15 as prepared, and both after annealing and hardening. The
correlation between the hardness and the concentration of nanomodifier and the type of heat
treatment is identified. An increase of the hardness of up to 193.5 percent compared to the
reference sample and values for HV15/15 exceeding 900 kg/mm’ are observed.

I. INTRODUCTION

The introduction of nanoceramic and nanodiamond powders in the structure of metals and
alloys is increasingly applied to improve their mechanical characteristics. Depending on the
amount of the added nanoparticles, being typically nitrides, carbides, oxides, or
nanodiamonds, the products thus obtained can be provisionally divided in two groups:

Group 1: metal-matrix nanocomposites (MMNC) typically based on Al, Mg, and Cu with
higher content of nanoparticles and most often produced by pressing, sintering and other
methods not involving transition through liquid state [1].

Group 2: nanomodified metals, alloys, and layers with lower concentrations of nanoparticles
and produced by methods involving transition through liquid state [2-6].

For the first group of materials heat treatment is often applied during the process of
preparation. For the second group there are evidence about the effect of heat treatment on the
quality of nanomodified tool steels and steel A106B published in [7, 8, 9].

The present work is a part of a larger-scale study on the properties of overlay welded layers
obtained using electrodes with nanomodified coating [10, 11]. The results show significant
grain refinement and substantial increase in hardness and wear resistance of the overlay
welded layers [12]. The investigations with scanning electron microscope with X-ray analyzer
JEOL (SEM — RMA), JCXA 733 detect the presence of particles that contain the
nanomodifier [13].
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The objective of present work is to find out:

- What is the variation of hardness of overlay welded nanomodified layers after
annealing depending on the concentration of SiC nanomodifier used;

- If the annealed nanomodified metal is able to increase its hardness again after
quenching;

- How the hardness of the nanomodified overlay welded layer depends on the
concentration and the type of the nanomodifier introduced, as well as on the type of
coolant during quenching.

II. EXPERIMENTAL

Samples with dimensions 10x10x6 mm from welded plates numbered 1-5 are prepared as
follows:

1. Sample 1: overlay welded with electrode grade E300 without nanomodifier.
2. Sample 2: overlay welded with electrode grade E300 nanomodified with A/8 % SiC.

3. Sample 3: overlay welded with electrode grade E300 nanomodified with A/4 % SiC.
4. Sample 4: overlay welded with electrode grade E300 nanomodified with A/2 % SiC.
5. Sample 5: overlay welded with electrode grade E300 nanomodified with A % SiC.

The chemical composition of the overlay welded layers is determined by means of spectral
analysis.

Vickers hardness HV15/15 is measured on the samples as prepared after overlay welding. All
measurements are made using a Brinell Vickers hardness testing machine type HPO 250.

The samples for heat treatment are divided into two groups:

The first group includes one specimen of each sample labeled with the sample number and
indexed with one point for the particular lot quenched in oil.

The second group includes one specimen of each sample labeled with the sample number and
indexed with three points for the particular lot quenched in water.

In order to compare the hardness of samples with different percentage of nanomodifier after
quenching and to start the following quenching from equal initial state for all samples, all
samples from the two groups are fully annealed (at temperature 870 °C) and allowed to cool
within the furnace.

After grinding to remove the oxides the Vickers hardness HV 15/15 is measured.

According to the diagram in Fig. 1 for the specific chemical composition of the welded layer
(see the vertical line in the phase state diagram) the border of the austenitic area is at a
temperature of about 820 °C.

The diagram on Fig. 2 is an illustration about the necessary cooling rate for the specific
composition of the welded layer that ensures an almost entire martensitic structure. The
cooling rates for quenching in oil or water are sufficient to ensure transition from austenitic to
martensitic structure.
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Fig. 1. Phase diagram for overlay welded metal with reference electrode type E300
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Fig. 2. C-curves for overlay welded metal with reference electrode type E300

In order to ensure complete heat penetration, the samples are heated to 870 °C for 10 minutes.
The the two groups of samples are heated simultaneously in two separate baskets (Fig. 3) and
then quenched, one basket in water, ad the other in oil.

The surfacees are cleaned again and Vickers hardness HV 15/15 is measured.

Fig. 3. Heating of the samples.
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IIL.RESULTS
The results from hardness measurement are shown in Fig. 4.
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Fig. 4. Hardness of the nanomodified overlay welded layer

Tables 1 to 4 bellow show the particular values for hardness HV 15/15 measured, as well as
the averages and the percentage increase of hardness after welding, annealing and quenching
either in water or in oil depending in the concentration of the nanomodifier SiC compared to
the reference sample.

Table 1. Hardness HV 15/15 after overlay weldingmeasured on the surface of the overlay welded layer

after grinding for leveling

Reference
Sample 1-E300 Sample 2 Sample 3 | Sample 4 | Sample 5

OCA’ontent of nanomodifier SiC, None AR % A4 % A2 % A%
Measurement No Hardness HV15/15, kg/mm’

1 365 548 679 526 779

2 318 652 652 538 771

3 341 633 519 602 779
Average 341.3 611.0 616.7 555.3 776.3
Increase compared to the reference sample, % 79.0 80.7 62.7 1274

Table 2. Hardness HV 15/15 after annealing measured
on the surface of the overlay welded layer after grinding to remove the oxide scale

Reference

sample E300-1 Sample 2 Sample3 | Sample4 | Sample 5

0C/(:)ntent of nanomodifier SiC, None AR % A4 % A2 % A%
Measurement No Hardness HV15/15, kg/mm’

1 230 285 311 301 285

2 252 285 311 305 287

3 243 262 293 305 262
Average 241.7 277.3 305.0 303.7 278.0
Increase compared to the reference sample, % 14.8 26.2 25.7 13.1
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Table 3. Hardness HV 15/15 after quenching in oil measured
on the surface of the overlay welded layer after grinding to remove the oxide scale

Reference

sample Sample 2 Sample3 | Sample4 | Sample 5

E300-1
SA)ontent of nanomodifier SiC, None AR % A4, A2 % A%
Measurement No Hardness HV15/15, kg/mm’
1 336.0 937.0 904.0 815.0 779.0
2 329.0 806.0 971.0 833.0 746.0
3 297.0 893.0 948.0 937.0 788.0
Average 320.7 878.7 941.0 861.7 771,0
Increase compared to the reference sample, % 174.0 193.5 168.7 140.4

Table 4. Hardness HV 15/15 after quenching in water
measured on the surface of overlay weld layer after grinding to remove the oxide scale

Reference

sample Sample 2 Sample3 | Sample 4 | Sample 5

E300-1
C.ontent of nanomodifier None AR % A4 A2 % A%
SiC, %
Measurement No Hardness HV15/15, kg/mm’
1 339 872 883 686 730
) 410 815 771 738 883
3 391 843 754 788 693
Average 380 843.3 802.7 737.3 768.7
Increase compared to the reference sample, % 121.9 111.2 94.0 102.3

As is seen, the ability of the annealed overlay welded metal to recover its hardness after
quenching is proven beyond doubt.
The increase of hardness of the overlay welded layers quenched in water reaches 121.9 %
compared to the reference sample, while the hardness of the same layer quenched in oil
showed an increase of up to 193.5 % compared to reference sample.

Table 5 below summarizes the average values for the hardness from Tables 1 to 4 in relation with the
content of nanomodifier SiC and the heat treatment applied.

Average hardness HV 15/15, kg/mm* measured:

Content of SiC | As prepared | After annealing | After quenching in water | After quenching in oil
Reference sample 341.3 241.7 380 320.7
A/8 % 611.0 277.3 843.3 878.7
A4 % 616.7 305.0 802.7 941.0
A2 % 555.3 303.7 737.3 861.7
A% 776.3 278.0 768.7 771.0
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Fig. 5. The diagram illustrates the variation of hardness HV 15/15 depending on the concentration of SiC

and the heat treatment applied.

IV.CONCLUSIONS

In all conditions — after overlay welding, after full annealing, and after quenching in two

coolants - the hardness of the nanomodified overlay welded layers is higher than that of

the reference sample.

The samples containing A/4% SiC and A/2% SiC show increase of hardness with 26.2%

and 25.7% respectively. This evidence proves the suggestion that the nanomodified layers

have higher hardness even in annealed state.

The hardness of nanomodified layers after quenching in oil are higher than that after

quenching in water unlike the layers overlay welded using the reference electrode E 300.

. As is seen from Fig. 5, the hardness increases with the increase of the nanomodifier SiC

until level A/2% and then starts to decrease. This indicates a threshold with respect to the

content of nanomodifier beyond which the hardness does not further increase.

The achieved values for the hardness of overlay layers nanomodified with SiC are

comparable with those of layers obtained through overlay welding using expensive high-

alloyed electrodes.

The application of quenching after overlay welding results in further increase of the

hardness. The increase of hardness of quenched layers found herein reaches 193.5%

compared to the reference sample, and the values for hardness HV 15/15 exceed 900

kg/mm?®.

The electrodes nanomodified with SiC provide higher hardness of the surfaces after

overlay welding.

. Based on the results obtained, it becomes possible to optimize of the welding mode to

achieve higher hardness of the overlay layers by ensuring increased cooling rates of the

overlay layers in the process of welding. This can be realized allying some of the

following measures:

- Increased time between the consecutive welding seams;

- Heat removal through a solid cooling element, most often made of copper or brass, in
contact with the treated material;

- Forced cooling with liquids or gases.

The research presented creates opportunities for significant economic effects in the

application of the newly developed electrodes in practice.
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BJIUAHUE HA TEPMUYHATA OBPABOTKA BBPXY TBBPJIOCTTA
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PA3JIMYHA KOHHEHTPALIUA
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Knwuoseu oymu: odOmazanu enekmpoou, enekmpoou, eieKmpoobe080 HABAPABAHE,
Hanomoougpukamopu, nanopasmeper SiC, Hanonpaxoee, mepmoobpabomka, omepseawe,
3akanseare, mevpoocm no Bukepc.

Pe3wome Hspabomenu ca npobHu obpazyu om HaABApeHu cloese C eleKmpoou,
cvovpocawu 8 obmazkama cu Hanomoougukamop SiC 6 paznuuHa KOHYEHMPAayusi.
Uszevputerno e omepssane u c1ed8awjo 3aKaisiane 8 08e OXaaxicoawu cpedu — 600a U Macio.
Uszmepena e mevpoocmma no Bukepc HVI5/15 na obpasyume 6 cvcmosnue cieo
Hasapseame, cied omepseane u cieo 3axaiasane. [lokazano e usmeHeHUemo Ha MevbpPOOCMma
Ha Hasapeuume cioese 8 3a8UCUMOCH O KOHYEHMPAYUusma Ha HaHOMoOougukamopa u 6uoa
mepmoobpabomka. Ycmanosenu ca pvcm Ha MEbPOOCMMA HA HAHOMOOUPDUYUpAHUME
HasapeHu cioege cied mepmooobpadbomra docmueauy 00 193.5 % cnpsamo bazosuam obpazey
u cmotinocmu na mevpdocmma HV 15/15 nao 900 kg/mm’.

1.YBOJ,

BbBexkaHeTO Ha HAaHOKEpAaMHYHU W HaHOJIMAMaHTEHHM IPaxoBe B CTPYKTypara Ha
METaJId M CIJIaBU C LeJd MOJ0OpsBaHE Ha EKCIUIOATAlMOHHUTE UM XapaKTEpUCTUKU Ce
npuiara Bce MO- YecTO . B 3aBHCHMMOCT OT KOJIMYECTBOTO Ha JOOaBEHUTE HAHOYACTHLIU —
OOMKHOBEHO HUTPUIH, KapOUI1, OKUCH WM HAHOJAUAMAHTH, OJyUYEHUTE METAIHU NPOTYKTH
MoraT YCJIOBHO Ja ce pasfensT Ha JaBe rpynu: IIepBa rpyna - MeTaJOMATPHYHHU
HaHokomno3utn (MMHK) — ¢ no-Bucoko chbabpiaHHEe Ha HAaHOYACTUIM, MOJTYYEHH Haii-
YeCcTO MOCPEJICTBOM NPECOBAHE, CUHTEPOBAHE U JPYTU METOJH, IPU KOUTO HE Ce MPEMUHaBa
Mpe3 HaAITBJIHO TEYHO CHhCTOSHME , Hal-yecTo Ha Oaszara Ha Al, Mg u Cu [1]. Btopa rpyna -
HAHOMOAN(UUIHMPAHHU METAIH, CIUIABU U CJIOEBE C MO-HUCKO ChIbPKAHWE HA HAHOYACTHIIN U
IIPEMHUHABAHE IPE3 TEUHO ChCTOSIHUE [2-6].

IIpu mepBata rpyna MaTepuasd, B Npolieca Ha IOJlydaBaHE YEeCTO Ce€ H3IO0J3Ba
TepMuuHa oOpaOoTka. 3a BTOpaTa rpyla, JaHHU 3a BIUSHUETO Ha TepMUYHATa 00paboTKa
BbpXY KauecTBaTa Ha HAaHOMOAW(DUIMPAHM CTOMaHM ca MyOJUKYBaHM OTHOCHO
MHCTPYMEHTAJIHU cToMaHu 1 ctomana A106B [7, 8, 9].

Hacrosimara paGota e yacT OT H3CielBaHE OTHOCHO KadyecTBaTa Ha HaBapeHHUTE
CJIOEBE TOJTyYEHH TPH M3MOI3BaHE Ha CIEKTPOIH, ChIBPKAIIY PEArIia HAHOMOTU(PHUKATOPH B
obmaskata cu [10, 11]. IlomyueHure pe3ydaTaTu Mmoka3BaT MO-ApeOHO3BbpPHECTA CTPYKTYpa,
3HAQYMTEIIHO TIOBHUIIIABAHE HA TBBHPIOCTTA M H3HOCOYCTOMYMBOCTTA Ha HaBapeHHTe cioene| 12].
N3cnensanusTa ¢ €JIeKTPOHEH MUKPOCKON C¢ peHTreHoB aHaiuszatop (CEM — PMA), JCXA
733 wa d¢upmara JEOL ycraHOBABaT HAIMYHUETO HA YACTHIH, KOHWTO ChIBpXKAT
HaHomoaudukatop [13].

Ienrta Ha HacTosmaTa paboTa € 1a yCTaHOBU:

- H3meHeHueTOo Ha TBBPAOCTTA HAa HaBapeHUs HAHOMOAM(DULIMPAH CION NMPHU OTrpsBaHe

B 3aBUCHMOCT OT KOHIICHTpAIXsATa Ha U3M0a3BaHus HaHoMoaudukarop — SiC;

- CnocoOHocTTa OTrpeTusi HaBapeH HaHOMOAU(DUIIMPAH MeTal Jja MOBUILU TBbPAOCTTA

CHU OTHOBO IIPH 3aKaJsIBaHE;
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- 3aBUCHMMOCTTa Ha TBBPAOCTTAa HA HaBapeHUs HAHOMOAU(HUIMpPAH CIOH OT
KOHIICHTpAIUATa Ha BIIOXKECHHS HaHOMOAM(DHUKATOpP M BUAA HA OXJaXaamara cpeaa
IIPU 3aKaysBaHe.

2. EKCIIEPUMEHTHU
IMonrorBenu ca oOpasmu ¢ pazmepu 10x10x6 mm oT HaBapeHHW NMPOOHU IUIAHKU C
HoMepa Ne 1 — 5, choTBETCTBAllM HA HaBapEHU CIOEBE KAKTO CJIE/IBa:

6. Obpazer;r Ne 1 — mnaBapen c enektpox E 300 Oe3 nanomomupukatop B
oOMma3zkara

7. Oobpa3zer; Ne 2 - naBapeH c enexkrpoa E 300 nanomoguduuupan ¢ A/8 % SiC

8. Oo6pasern Ne 3 - HaBapeHn ¢ enektpon E 300 vanomonudunmpan ¢ A/4 % SiC

9 Oobpa3zer; Ne 4 - nHaapeH c enexkrpon E 300 nanomonudummpan ¢ A/2 %SiC

10.  Oopazen Ne 5 - HaBapeH ¢ enekrpox E 300 Hanomomuduiupan ¢ A %SiC

XUMHUYHUAT ChCTaB HAa HABapEHHUTE CJIOEBE € ONpPE/EeH MOCPEICTBOM CIEKTpaleH
aHaJIN3.

W3pwpiieHo e nu3mepBane Ha TBbpAocTTa HV 15/15 B cheTosiHME cnen HaBapsiBaHe. 3a
BCUYKH M3MEPBAHUS Ha TBHPJIOCTTA € u3noi3BaH TBepaomep Brinell Vickers tun HPO 250.

O6pa3uure 3a TepMo0oOpabOTKa ce pa3aessaT Ha ABE IPYyNH:

II'npBaTa rpymna ce CbCTOM OT 1O €AMH 00pa3el] OT Beska mpoda MapKUpaHH ¢ HOMEP
Ha npobaTta M TOYKOB MHJEKC - €lHAa TOYKa 3a KOHKpeTHaTa mapTujaa Ha oOpaloTka 3a
3aKajsiBaHe B MacJo.

Bropara rpyna ce cbcToM OT IO €IUH 00pasel OT BCsKa Mpoda MapKUpaHU C HOMEP
Ha mpobara M TOYKOB WHIEKC - TPU TOYKM 3a KOHKpETHaTa MapTuaa Ha oOpaboTka 3a
3aKalisiBaHe BbB BOJIA.

3a 51a ce ChIIOCTAaBAT TBBPAOCTUTE HA MPOOUTE Clie]] OTIPSBAHE C PA3JIUYEH MPOLIEHT
HaHOMOJU(HUKATOP U 32 Jja c€ CTapTHpa CIEABALIOTO 3aKalsiBaHE OT €IHO U CHIO U3XOJHO
CBhCTOSIHUE Ha BCUUKH NPOOH, 00pa3MTe OT JBETE IPYNHU C€ NMOoJIaraT Ha IIbJIHO OTTPsSIBAHE OT
temneparypa 870° C u oxmaxmane ¢ memra. Ciex muudoBaHe 3a OYHCTBAHE HA OKHCHHS
CJIOH € M3BBPIICHO 3MepBaHe Ha TBbpaocTTa HV 15/15.

CorinacHo nuarpamara Ha dur. 1 3a KOHKpETHHMST XMMHMYEH ChCTaB HAa HaBapeHUs
cloM (BepTHKalHATa JIMHUA B JuarpaMarta Ha (a30BOTO CBHCTOSHUE) TIpaHUIaTa C
ayCTEeHUTHaTa 00JacT € pH TeMIepaTypa OKoJo 820°C.

Huarpamara Ha dur.2 nokazBa He0OX0AMMATa CKOPOCT HA OXJIAXK/IaHE 32 KOHKPETHUS
XMMHUYEH ChCTAaB Ha HABAPEHMs CIJIOM, NpU KOATO MOXE Ja ce MOJIy4d IOYTH H3ILSIIO0
MapTeH3UTHA CTpyKTypa. CKOpOCTUTE Ha OXJIaXk/IaHE 3a 3aKaJigBaHe, KOUTO JaBaT MacjioTo U
BOJIaTa KaTO OXJIAXJAIM CPeU ca JOCTAaThYHU 3a OCUTYpPSBAHE HA MPEXO0J OT ayCTEHUT KbM
MapTEH3HUT.
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3aKaJieHH ChOTBETHO BHB BOAA M Macio. OTHOBO € M3BBPILIEHO MMOYNUCTBAHE HA TOBBPXHOCTTA
U u3MepBaHe Ha TBbproctTta HV 15/15.

®Pwur.3.
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3.PE3YJITATHU

Ha ®wr. 4 ca npencraBeHn pe3yiTaTUTe 3a TBHPAOCTTA 1Mo popmara Ha Auarpama.

B Tabmunure ot 1 10 4 ce BMXAAT M KOHKPETHUTE CTOMHOCTH OT M3MEpPBAHHITA,
OCPEHCHUTE CTOMHOCTM U TMPOICHTA HAa HApPACTBAHE HA TBBPAOCTTA CIPSMO 0a30BUS
obpaserr.

Tebpgoct HV 15/15

1000
800
600
400
ol 100 (I ([
0
bazosa npoba Af8 SiC AJASIC Af28iC A SIC
B Caeq Haeap. M CAaen oTrp. 3aK. Boaa 3aK. mMacao
®ur. 4 TBLPAOCT HA HABAPEHUS] HAHOMOAN(PUIUPAH CJIOH
Taba. 1 - Teppaoct - HV 15/15 ciaen HaBapsiBaHe
TBBpHOCT M3mepeHna Ha OBBPXHOCTTA HA HABAPEHHUS CIION C
HV15/15 Jeq nuiMQoBaHe 3a U3PABHSBAHE
basosa SiC
npoda: A/8 Al4 A2 A
Hp. E300-1 | ypp5 Ip.3 Ip.4 Ip.5
No kg/mm® kg/mm® kg/mm® kg/mm® kg/mm®
1 365 548 679 526 779
2 318 652 652 538 771
3 341 633 519 602 779
CpenHo 3413 611,0 616,7 555,3 776,3
Pt cnpsivo Ga3oBaTta npo6a 79,0% 80,7% 62,7% 127,4%

Tabu. 2 - Tespaoct - HV 15/15 caen otrpsiBane

Tespaoct HV15/15 H3mepeHa Ha IOBBPXHOCTTA HA HABAPCHHUSA CIIOH ClIe]t
nutroBaHe 33 OTCTPAHSBAHE HA OKAIHHATA
baszosa SiC-%
No mpoba: A/8 A/4 A2 A
Mp. E300-1 |y Mp.3 Mp.4 Mp.5
kg/mm? kg/mm? |kg/mm® |kg/mm® |kg/mm’
1 230 285 311 301 285
2 252 285 311 305 287
3 243 262 293 305 262
CpenHo 241,7 277,3 305,0 303,7 278,0
Pt cnpsivMo 6a3oBaTa npo6a 148% | 26,2% | 25,7% | 13,1%
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Tabu. 3 - Tebpaoct - HV 15/15 caen 3akansiBane B MacJjio

Tiprcr1vists | 1T oo o e ol
baszosa SiC - %
Ne npooa: A/8 A/4 A2 A
Hp. E300-1 | yp Mp.3 Mp.4 Mp.5
kg/mm? kg/mm® |kg/mm’ |kg/mm® |kg/mm’
1 336,0 937,0 904,0 815,0 779,0
2 329,0 806,0 971,0 833,0 746,0
3 297,0 893,0 948.,0 937,0 788,0
Cpento 320,7 878,7 941,0 861,7 771,0
Pner cnpsiMo 6a3oBaTa npoda 174,0% | 193,5% | 168,7% | 140,4%

Ta6a. 4 Tebppaoct HV 15/15 cnen 3akajsiBane BbB BoJa

Tespoct HV15/15 H3MepeHa Ha MOBBPXHOCTTA HA HABAPCHUS CIIOW CIIeH
uutidoBaHe 32 OTCTPAHsBaHE HAa OKAJIMHATA
bazosa SiC
npoba: A/8 A/4 A2 A
No Mp. E300-1 [ s | mp3 | mpda | mps
kg/mm” kg/mm® |kg/mm® |kg/mm® |kg/mm’
1 339 872 883 686 730
2 410 815 771 738 883
3 391 843 754 788 693
Cpento 380 8433 802,7 737,3 768,7
Pber cnpsimo 6a3oBaTa npoda 121,9% | 111,2% | 94,0% | 102,3%

TBBpHoCTTa HA HaBapeHUs HAHOMOIU(HUIIMPAH CIOW CJell HaBapsBaHE, OTIPSBaHE U
3aKajsiBaHE B Maclo M BOJa B 3aBUCUMOCT OT KOHIIEHTpaLUsATa Ha H3MOJI3BaHUA
Hanomoudukatop — SiC e nokazana Ha Tabm.1 - 4.

CrniocoOHOCTTa OTrpeTHsi HaBapeH HaHOMOAMU(DUIIMPAH METal Jia MOBUILU TBBPIOCTTA
CH OTHOBO ITPH 3aKaJIIBAHE € JI0KAa3aHa 110 Oe3CIIOpeH HauMH.

TBbpHocTTa HAa HABapEHUTE HAHOMOAU(DUIMPAHH CIOEBE 3aKAJIEHU BbB BOAA JOCTUTaT
no mnosumenue 121,9% copsamo 0Ga3oBara mpoba, a TBBPAOCTTA HA HABapEHUTE
HaHOMOJU(HUIMPAHU CIOEBE 3aKAJCHH B OXJAXKAAllla CpeJa Macilo OKa3BaT MOBUIIEHUE 10
193,5% cnpsamo 6a3zoBara mpooa.
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TebpaocT

HV 15/15 kg/mm

BA3OBA NPOBA Af8SIC AfaSIC Af2SIC ASIC

Coabpanne
==@==Tabauua 5 -Tebgocr -HV 15/15 npu moauduumpane ¢ SiC Caeq Hasap.
»Ta6anua 5 -Tepgoct -HY 15/15npu moauduuupane c SiC Caeg otrp.
Tabanua 5 -Tevgoct -HY 15/15npu moauduumupane ¢ SiC 3ax.soaa

Tabanua 5 -Tevgoct -HY 15/15npu Mmoaguduumupane ¢ SiC 3ak. Mmacio

®ur. 5 3aBucUMOCT HA TBBPAOCTTA HA Haﬂomounqmunpamne cJioeBe
OT KOHIICHTPAIUATA Ha Mozmq)mcaTopa B CbCTOAAHME CJIC/I HABapsABaHeE ,
OTrpsiBaHe M 3aKajiiBaHe B MacJio U BoAA.

Tabnuua 5 - Tebpaoct - HV 15/15 npu mogudunupane ¢ SiC

Caen naBap. | Caen otrp. 3ak. Boaa 3ak. MacJjio
ba3oBa
npooda 3413 2417 380 320,7
A/8 % SiC 611,0 2773 843,3 878.,7
A/4 % SiC 616,7 305,0 802,7 941,0
A2 % SiC 5553 303,7 737,3 861,7
A % SiC 776,3 2780 7687 771,0

4. W3BOIM

TBBpaocTTa Ha HaHOMOAMHUITUpaHUTE ChC S1C HaBapEHH CIIOEBE € MO-BUCOKA OT Ta3H
Ha 06a30BHAT 00pasell 3a BCUUKHU M3CJIEeIBAHN KOHIIEHTPALUU U TIPU BCUYKH CHCTOSTHUS
— cJej HaBapsiBaHe, CJiell IBJIHO OTTPSIBAHE M CJICNl 3aKajsiBaHE B JBE OXJIAXIAIIH
cpenu.

[Tpu otrpsiBane Ha HaHOMOMUUIMpaHu cbc SiC HaBapeHH CIIOEBE MPH 0Opa3IUTE C
A/4 n A/2 ce HabmoiaBa MOBUIIIABaHE HAa TBHPIOCTTAa CHOTBETHO C 26,2% u 25,7%.
ToBa moka3Ba, 4ye HAHOMOAM(DHUKATOPHT IOBUIIABA TBBPIOCTTA JOPH B OTIPSTO
CBhCTOSIHUE.

CroifHOCTUTE HAa TBBPAOCTTA HA HAHOMOIU(MUIIMPAHHUTE CJIOCBE CIIe/] 3aKalsBaHE B
MAacJo ca MO-BUCOKHU OT TE3H CJe]l 3aKajsiBaHe BbB BOJA 3a Pa3ivKa OT HABAPEHUTE C
6azoBus enexkrpoa E 300 cioese.

C yBenuyaBaHe Ha MPOLEHTHOTO CHAbpPKAHHETO Ha HaHoMmoaudukaropa SiC ce
JOCTUTAT MaKCUMAJTHU CTOWHOCTH Ha TBBPJOCTTA 0 ChAbpKaHue A/2 , el KOeTo ce
HabmomaBa cnaa (@ur 5). ToBa moka3Ba HamuMuMe HA TpEJEHA TpaHUIA Ha
CBABPKAHUETO HA HAHOMOAU(HUKATOP, CJEN KOSTO HE ce HaOJroJaBa HapacTBaHE Ha
TBBPIIOCTTA.
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5. JlocTurHaTUTE CTOWHOCTH Ha TBBPAOCTTA Ha HaHoMmomudpumupanutre cbe SiC
HABAPEHU CJIOEBE Ca CbU3MEPUMU C HAaBAPEHHU CJIOEBE IMOJYUYEHU MPU HABAPSBAHE ChC
CKBITH, BUCOKOJICTUPAHH €JICKTPOIH.

6. Ilpunaranero Ha 3aKaisBaHe CIe] HaBapsBaHE HAa HAHOMOIU(MDUIIMPAHH CIOEBE ChC
SiC Boau A0 JOMBIHWUTEIHO yBEIWYaBaHE HA TBBPIOCTTA. Y CTAHOBEHH Ca PBCT HA
TBBPJOCTTa HAa HAHOMOAM(DHUIMPAHUTE HABAPEHU CIIOEBE CcJel TepMooOpaboTka

nocturam 10 193.5 % cnpsimo 6azoBuAT oOpasen; W CTOWHOCTH Ha TBbpaoctra HV
15/15 nax 900 kg/mm”.

S. 3AK/IFOYEHUE

[IpousBenennte HaHoMoaupuIpanu cbe SiC eIeKTPoau 3a HaBapsIBAHE OCUTYpPSIBAT
[0-BUCOKA TBBPAOCT HAa HABAPEHUTE CIIOEBE.

Ha 6a3ara Ha mody4eHHTE pe3ysTaTH CTaBa BH3MOXKHA ONTHUMH3AIMS HA PEKUMa Ha
HaBapsIBaHE 3a TOCTHraHe Ha MO-BHUCOKA TBBPAOCT Ha HaBapeHHUTE CIOEBE, KaTO C€ B3eMar
MEpKU 3a IOCTUraHE Ha I0-BUCOKM CKOPOCTH Ha OXJIaX/JaHE Ha HAaBapEHUTE CJOEBE B
npolieca Ha HaBapsiBaHe. ToBa MOXKe Jla ce peaju3upa MOCPEACTBOM HSKOS OT CIETHHUTE
MEpPKH, B 3aBUCUMOCT OT KOHKpPETHHS ClTydail KaTo ce:

- YBenuun BpeMeTo MeX/1y J1Ba MOCJIE0BaTEe/IHU 1IEBa;

- U3I0JI3BAa KOHTAKT C MAaCHUBEH €JIEMEHT 3a TOIUIOOTHEMaHe (Hal-4ecTo OT Mea
WJIM MECHHT)

- OPUJIOKU HPUHYAUTEITHO OXJaXJaHEe C TEYHOCT WM OO0AyXBaHE C ra3 B
OJIM30CT 10 30HATa Ha HaBapsiBaHe.

[IpencraBenuTe M3cienBaHUs Ch3/1aBaT Bb3MOKHOCTH 32 3HAYUTENIEH HUKOHOMHUYECKU
e(eKT NpH NMpujIaraHeTo Ha HOBO pa3pabOTEHUTE €JIEKTPOIU B IPAKTHKATA.

BJIATOJAPHOCTH

ABtopbT Omaromapu Ha mnpo¢. Ilnamen Tames, pbkoBoguten Ha LleHTsp 1O
3aBapsiBaHe kbM UMCTLIX — BAH ”Axkan. A. banescku” u npo¢. Pymen IletpoB ot kareapa
,Marepuano3HaHue B ynusepcurera B rpaj ['eHt, benrus 3a npe1ocTaBeHUTe IEHHU CHbBETH
Y TIPENOPBKH.
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