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Busueno ¢gpaxyitinui ckiad i eracmugocmi nopowky PO6MSKS 3anescno 6i0 kinvkocmi
yuraie npoxamxu. [na epexmusno2o suxopucmanus 06poOKU NpoOKAMKOWw NompioHo
6paxo6yeamu 61ACMUEOCMi NOPOWKY i Xapakmepucmuku npokamuozo cmauy. B pe-
synemami 0bpobxu nopowky POMS5SKS5 6 npoxamnomy cmani cymmego 3MeHWUNACH
ioeo mexyuicmv (na 10%). Ile obymosneno mum, wo 6 npoyeci NpPOKAMKU 6
OCHOBHOMY 8i00Y8AI0CH 0OKAMYBANHSA NOPOUIKY.

Knrouosi cnoea: nopowox cniagy PO6MSK, obxamysanns, noopibuenns, @paxyitinuil
CKAA0 NOPOUIKY.

Beryn

B mpomeci 00poOKM TBEpJOro MOPOIMIKY Ha MPOKATHOMY CTaHI MOXYTh
BimOyBarucs foro oOkaryBaHHs 1 moapiOHeHHs. Ilix mporecom oOkaTyBaHHS
Ma€eThCs Ha yBa3i 3MiHa popMu TopomKy 1 ii mpuOmmkeHHs 10 cepudHOi.
CrniocobOu mopiOHEHHST TBEPAOro Marepiany 1 pi3Hi KOMOiHaIil UX crocobiB
omucani B pob6oti [1]. 3a ocHOBHMMH croco0aMu MOAPIOHEHHS, Marepia
PYHHY€ETBCS MK BOMa poOOYMMH OpraHaMy, IO NPU3BOIAMTH JI0 3a0pyIHEHHS
Marepiaiy.

Jlo MexaHIYHMX METOJIB OTPUMAaHHS TOPOIIKIB BiTHOCATH JAPOOIEHHS Ta
po3memoBanHA. [lepeTBOpeHHsS BHXITHOTO Marepialy Ha MOPOIIOK Bin0y-
Ba€ThCS MEXaHIYHUM TojpiOHeHHsAM. lloapiOHeHHS TBepAMX MarepiamiB —
3MEHIIIEHHSI TTOYaTKOBHX PO3MIpiB YAaCTHHOK MUISXOM pYyWHYBaHHS IX IIif
BIUTMBOM 30BHIIIHIX 3yCWJIb. PO3pi3HIIOTH MONMpiOHEHHS IpOOJIEHHSM,
po3MenoM 1 cTupaHHAM a00 KOMOIHYIOTH pi3HI BHIM BIUIMBY Ha Marepial.
[Nepmri B2 BUKOPHUCTOBYIOTH JIJISi OTPUMAHHSI BEITUKUX YaCTHHOK, NPYTUil Ta
TPETiit — JI TOHKOI'O TOAPIOHEHHSI.

Hnst rpy0boro moapiOHEHHsI 3aCTOCOBYIOTH IIOKOBi, BAJKOBI Ta KOHYCHI
npobapku Ta OIryHH, JIe OJEP)KYIOTh YaCTHHKH po3MipoM 1—10 mm, sKki €
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BUXITHMM MaTrepiajJoM Ui TOHKOrO MOAPIOHEHHs, 10 3abe3meuye
BUPOOHHUITBO HEOOXiTHUX IMOPOLIKIB.

Mertoro Hamoi poboTH € BUBUEHHS ITPOLIECIB OOKAaTyBaHHS MOPOIIKY 1 HOTO
moapiOHeHHs i yac #oro oOpoOKu Ha MPOKATHOMY CTaHi 3 HIJIBIO OTPUMaHHS
sikicHuX nopomkiB POMSKS mns 3D npunTepa.

Pe3yabTaTH Ta iX 00roBopeHHs

3 BpaxyBaHHSM HaBEJCHOTO HaMHU 3alpOIIOHOBAHO OOpPOOKY CIUIaBy Ha
IBOBaJIKOBOMY mpokaTHoMy ctaHi J[YO 180 3i mmuakictio odepranas 10 06/xs.
Tinbku oavH 3 BajKiB OyB NMPHBOAHWM, IO JO3BOJMIIO peanizyBatu KoMOi-
HAIliI0 TPhOX BHUJIB BIUTUBY Ha MaTepial — CTHCK, yJap Ta CTUpaHHs. B Hamii
po0OTI BHUKOPHUCTOBYBaJ M OOPOOKY MOPOIIKY y BaJIKaXx IMPOKATHOTO CTaHY,
micis sKoi 3a0pynHeHHs OyJo BifCYTHE 1 He 301MbIIyBanach KiIbKICTh KHUCHIO
[2—6]. Ha puc. 1 mnpencraBneHuii MOACPHI30BaHHI KOJIAQHIPOBUH CTaH 3
BamkaMu niametpoM 180 MM, SKHiA 3aCTOCOBYBAJM HJsi OOpOOKH IMOPOIIKY.
[Ipomixkok Mixk Bajmkamu OyB HyJeBuil. KimbkicTh TpoXomiB MHOApiOHEHHS
craHoBuia Bijg 5 no 20.

st BUKOpHcTaHHA Nopowky B 3D mpuHTepax onTUManbHHUN (QpakiidiHui
CKJIQJl MOPOIIKY MOoBHHEH craHoBHTH Bimx 50 mxm (005) mo 160 mxwm (016).

Puc 1. MonepHizoBaHHI KOJAHAPOBUH CTaH 3 BaJKaMHU
nmiamerpoM 180 MM, sSKHH BHKOPHUCTOBYBAIM IS OOPOOKH
mopomky: 1 — motop; 2 — 3amobikHa Mydra; 3 — MexaHi3M
MepeMUKaHHs MIBUIKOCTEH (KOpoOKa MIBUAKOCTEN); 4 — cucTemMa
IIecTepeH; 5 — HaTHCKHUI MexaHi3M (TepeMilrye JiBHHA BaJIOK Y
TOPU30HTAIPHOMY HampsMKy); 6 — po30ipHa cTaHWHa; 7 —
BaJIbIIi.
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Puc. 3. CEM 300paxkeHHS BHXiTHOTO
nopomky PO6MSKS micns 20 mpoxonis
NOApiOHEHHS!.

Puc. 2. CEM 300pakeHHs BUXiTHOTO
nopouky POMSKS.

OpakmifHAN CKJIa[ TOPOIIKY BHMIPIOBAIM IIICIHs HOTO pPO3CIBaHHA Ha
BiOpauiitHomy cutoBomy anamizaropi tuny POTAIL.

Sk BuUXimHUI MaTepiand B Hamlii poOOTI BUKOPHCTAHO PO3MWICHUI MOpPO-
mok P6MSKS posmipom menbIie 630 MxM. J[7st 3acTocyBaHHS [[HOTO TOPOIIKY
B 3D mpuHTEpi MOPOIIOK MOBUHEH MaTH HOTo Tpeba Maii moapiOHIOBATH, MOOU
BiH MaB po3mip meHme 160 mxMm. [lomanemmii po3Men 3a3BU4ail MPOBOIATH HA
MJIMHAX, JIe TIOPOIIOK 3a0pYIHIOETHCS, 3 OJHOTO 00Ky, MaTepiajJaMu pO3Melb-
HUX T Ta CTIHKaMu MiMHA (KyJIbOBi, BiOpaIiiiHi, aTpUTOPHI, TNIaHETapHi), a 3
1HIIOTO — KUCHEM (BHXpOBi). B mpotieci po3Meny Ha MpOKaTHOMY CTaHi TOBOJI
LIBUJKO TPOXOAWThH HIApKyBaBaHHS (IHACHTYBAaHHS) MOPOIIKY B MOBEPXHIO
BaJIKiB, IO IPUBOJIUTH JIO MIOAPIOHEHHS CIUTaBy 0e3 HaMmely.

Ha puc. 2 naBemeno CEM 300paxkeHnHst BuxigHoro mopomky PO6MSKS.
Buano, mo y HpOMy 0arato 4acTHHOK MalOTh CaTelNliTH, SKi 3MEHIIYIOTh
cepiuHiCTh MOPOIIKY, Yepe3 M0 MOPOIIOK Mae MEHbITy TeKy4icTb. Ha puc. 3
HaBegeHo CEM 3o0paxenHs mopomky PO6MSKS micns 20 mpoxoxi
MOJPiOHEHHS, MiJ Yac SIKOro BiOyBaJOCh OOKaTyBaHHS MOPOIIKY, a cami
YACTUHKM IIOTaHO MiJJaJINCh pyHHyBaHHIO. [IpHYMHOIO LBOTO BHSBMIIACH
HEIOCTaTHs )KOPCTKIiCTh npokaTHoro crany JYO 180 amns uporo nopomxky.

Taoaumusa 1 ®pakuiiinuii ckaan (%) BUXiZHOT0 MOPOMIKY
P6MSKS i micsist mpokaTok

®pakiisi, MKM Buxiauni 5 mpokarok |10 mpoxkatok | 20 mpokaTok
HOPOLIOK
—063 100 100 100 100
—063...+04 16,47 12,55 13,06 9,36
—04...+0315 9,88 9,0 10,21 9,10
—0315...402 19,92 19,53 22,07 19,86
—02...4016 11,72 11,68 11,59 12,43
—016...+01 8,21 15,49 14,78 14,79
—01...+0063 24,54 16,84 13,37 19,24
—0063...—005 3,16 3,25 2,58 3,33
—005 11,02 11,66 9,42 14,45
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Tadoaumusa 2. Bracrupocti mopomkiB POMSKS

I'yctuna Koedimient .
Hacunnza rycruna TekydicTb,
ITopomox 3 yTpyllyBaHHs | Xay3Hepa
Pu, T/CM 3 _ c
Py, I/cM | = py/pu
Buximuii 4,75 5,19 1,09 22,97
(-063)
Micas 5 4,84 5,34 1,10 20,82
mpoxoa1B
Mica 10 4,83 5,21 1,08 20,20
MPOXOA1B
Hicas 20 4,78 5,30 1,11 20,65
mpoxoa1B

Y Tabn. 1 ta 2 HaBeaeHO (pakmiiHWN ckmany 1 (Pi3UYHI BIACTHBOCTI
mopomkiB P6MS5KS. Ockinpku  mporiecc  OOpOOKH  OyIb-SIKHX KPHUXKHAX
MaTepiaiB 3aJIKUTh BiJl iX TNOYATKOBHMX BJIACTHBOCTEH, TO OOKaTyBaHHS i
pO3MeJl TaHOTO MaTepialy Ha MPOKAaTHOMY CTaHy HE MOXKe OyTH KUIbKICHO
OJTHO3HAYHUM. AHANI3yI0Ul JaHi, MO)KHA 3POOUTH BHCHOBOK, IO (hpaKIiitHIHA
CKJIaJ] TIOPOIIKY MPUHIMIIOBO HE 3MIiHIOETHCS, TOOTO MPOIIEC PO3MOIY He qyxKe
noBUTbHO. TakoX CIiJl BiAMITHTH CyTTEBY 3MiHy (Oinblie HiX Ha 2 c)
TeKyd4ocTi opomiky. Lle cBiguuTh mpo Te, M0 MPOHIIoB mpoIriecc 0OKaTyBaHHS,
SIKUH CTIPUSIB 3MEHBIIIEHHIO KiJTBKOCTI CaTEITIB.

BucHoBku

Bupueno dpaxuiitanii ckmag mopomky POMSKS micis oOpoOkuy Bamkax
MIPOKATHOTO CTaHy 1 BUBHAYEHO HOTO TEKYYiCTh.

B pesynbrati 00poOku mopomky P6MSKS B mpokaTHOMY CTaHi CYTTEBO
sminmnack (Ha 10%) #oro Tekydwictb. Lle 3yMOBIeHO THM, WIO B TMpoIEci
MPOKATKY Bif0yBalloch 0OKaTyBaHHS MOPOIIKY. JlocTaTHRO 5 IHMKITIB 00pOOKH
MOPOIIKY B MMPOKATHOMY CTaHi JUIsl 3MEHIIIEHHS TeKy4docTi Ha 10%. 30inbieHHs
HUKJIIB 00poOKu 10 20 He 3MIHIOE TEKYYiCTh MOPOIIKY, aji¢ MPUBOIUTH 10 HOTO
HE3HAYHOTO TOPiOHEHHS.
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Study of the rolling process of P6M5K5 powder by processing
on a rolling mill
K. O. Gogaev, V. A. Nazarenko®, O. K. Radchenko
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Powder processing of the P6EM5KS5 alloy in rolls of the rolling mill has been performed.
There was no contamination, and the oxygen content was not increased during the
processing. Processing of the sprayed powder of the P6M5KS5 alloy was carried out on
a two-roll press DUO 180 with a speed of rotation of 10 rpm. Only one of the rolls was
rotating, which made it possible to carry out a combination of three types of impact on
the material - compression, impact, and abrasion. The gap between the rolls was zero.
The number of processing passes varied from 5 to 20. For the use of powder in 3D
printers, the optimal fractional composition of the powder is from 50 um to 160 um.
The fractional composition of the powder was measured by its dispersion on a vibrating
sieve analyzer of the ROTAP type. Since the process of destruction of any brittle
material depends on their initial properties, the grinding of this material on a rolling
mill cannot be quantitatively unambiguous. In processing the powder, rolling of the
powder dominated, and the particles themselves were not easily destroyed. The reason
for this turned out to be insufficient rigidity of the DUO 180 rolling mill for this
powder. As a result of the processing of the P6M5K5 powder in the rolling state, the
fluidity of the powder significantly decreased by more than 2 seconds from 22 s to 20s,
which is 10%. This is evidence that a rolling process took place, which led to a
decrease in the number of satellites. Five cycles of processing the powder in the rolling
mill were enough to reduce the fluidity by 10%. Increasing the number of processing
cycles to 20 did not change the fluidity of the powder, but led to its slight grinding.

Keywords: P6M5K alloy powder, rolling, grinding, fractional composition of the powder.
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