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2. Forming of the tool environment during magnetic abrasive processing in large magnetic gaps

Pedepar:

1. B pucepTauiiiniii poboTi po3po61eHO METOAUKY BU3HAYEHHS CUJI, 10 TiI0Th Ha JeTajb 3 60Ky MarHiTHOro
iHcTpymeHTy (MAI), 5IKi ZO3BOJISIIOTh BCTAHOBUTU OCOOJIMBOCTI opMyBaHHS MAI B nipolieci MarHiTHO-abpa3uBHOIO
06po6sieHHs (MAO). B nepiie BCTaHOBJIEHO peasibHy BEIUYMHY cui pu MAO, a TakoX BU3HA4YEHO MPOLECU Ta
SIBUILA, 110 HA HUX BIUIMBAIOTh 3 yPaxyBaHHSM 3MiHM TeXHOJIOTIYHMX (PaKTOPIB, TAKKX SIK iHAYKLis MarHiTHOTO M0,
IIBUJIKICTb PYXiB Ipu 06po6JIeHHi, TUIly, GOpMU Ta po3Mipy YyacTUHOK MAITI ta Martepiany aetasi. Po3pobsieno
pekoMmeHpanii mopo inTeHcudikauii npouecy MAO 3 orssiny Ha oco6auBocTi GpopmyBaHHs MAI Ta peasnbHy
BEJIMYMHY CUJL. 3pa3kamu sl IPOBELEHHS JOCTiIKeHHs Oy/I1 UUIiHIPUYHI KBaJIpaTHi Ta TPUKYTHI IPU3MU

Bucoto 30 MM i xapakTepHUM po3mipom 8, 12 Ta 16 MM 3 dpepo- nmapa- Ta AiaMarHiTHUX MaTepiasiB, a TAaKOX



somnarka I'T]l ToBmuHo0 1 MM Ta BUucoToio 30 MM 3i cIyiaBy TUTaHy. [y BuMiptoBaHHs cui ipu MAO 6y7o
BHKOPHCTAHO METOAUKY BUMIPIOBaHHS €(EeKTUBHOIO KPYyTHOIO MOMEHTY Ha BaJjly IBUTYHA, 110 O6ePTaE AeTalb, Ta
BMMIipIOBAaHHSI CUJIU OIIOPY 32 JI0IIOMOTOI0 TeH304aT4MKa. PO3p006JieHO BiflIoBiIHE 001aJHAHHS, 1O J03BOJIUIIO
BMKOHYBATU JOCJIiI)KEHHS 3 BpaxyBaHHSIM HeoOXimHUX ¢akropis. [ popmyBaHHS MAI BUKOpUCTOBYBaIU
nopoumku: ockospdactuii [Tonimam-T 3 po3mipom 3epen 200 /100 mkm, 400 /315 MKM, Ta okpyriuii [Tosrimam-M
200,/100 mxM, 400 /315 mxM. BctaHossieHo, 1110 epeKTUBHUI MOMEHT TepTs Ipy 00pobseHHI pepoMarHiTHoOI aeTati
(mpu maHMX 3pas3kax Ta TEXHOJIOTIYHUX YMOBAX) CTAHOBUTD 10 1,4 HM, mpu 06p0o06IeHHI HEMarHiTHUX AeTanel — 1o
0,9 Hm. TlokasaHo, 1m0 e(peKTUBHUNA MOMEHT TEPTS MPSIMO 3aJIEXKUTD BiJl BEJIMUMHU MAarHiTHOI iHAyKIii, LIBUIKOCTEN
PYyXy IeTasi B pobouill 30Hi Ta HABKOJIO CBOE€i oci. Bu3HauyeHo, 1110 cusa ornopy npu o6podsieHHi HUIHAPUYHUX
IeTasneil Mae JIiHiMHY 3aJ1eXKHICTb Bif, BeJIMYMHU MarHiTHoi inaykuii Ta cranosuts 720 H /T n1g nopouiky 3
3epHucrictio 200,/100 mxm Ta 960 H /T gyst 400 /315 mxm. [TokaszaHo, 10 cujia Onopy pu 06pobieHHi
HeMarHiTHuX matepianis [J16T, BT8, BpOr He Mae CyTTeBUX BifMiHHOCTE!. BCcTaHOBJIEHO, 110 CUJIM JIOOOBOTO OIIOPY
ripu MAO ¢pepomMarHiTHUX 3pa3KiB SIK i /1711 HEMaTHITHUX 3pa3KiB He 3aJ1eKaTh Bif IIBUAKOCTI 06pO6IeHHS i
3MiHIOIOThCS B AianasoHi Big 160 go 220 H, ue B 1,2-1,5 pasiB Bulie, HiXX AJ151 HeMarHiTHUX aetaneii (80 - 180 H). B
neplie BU3HAYEHO, 10 NPU 00pOO6JIeHH] NapaMarHiTHUX JeTasiell IPUPICT CUIX ONOPY 3i 3pOCTAHHSAM JliaMeTpy He
[IPOTIOPLIMHNMI 3pOCTaHHIO JiameTpy (IIpu 30ibllIeHHI AiaMeTpa B 2 pa3u BiOyBaeThCsI IPUPICT CUJIN OIIOPY B 1,5
pasu), 10 [OSCHIOETHCS BiAMIHHOCTSIMU XapakTepy 00po6JIeHHs Pi3HUMU CTPYKTYPHUMU eslemeHTamu MAL
HatomicTs, 06po6ieHHs (epOMarHiTHUX JeTanel XxapaKTepU3y€eTbCs IPONOPLiTHUM IIPUPOCTOM CUJIX OIIOPY Bif,
3pOoCTaHHs po3Mmipy netasneii. I[linTBepaskeHo, mo npu 06pobieHH] TOHKUX AeTasneil Tuily sonatky ['T]] Ha BeJIMKux
IIBUJIKOCTSX 00po6sieHHs 3 — 3,5 M /C BUHUKAE SBUILE PO3PUBY BepeTEHOIOiOHOro yTBopeHHs: MAI, mo
CYITPOBOIKY€ETBCS Pi3KUM (10 25%) 3HIDKEHHSIM CUJIY OTIOPY. BU3HaUeHo, 1110 HaGIMKeHHS! 0OpOOII0BAaHUX
NOBepXOHb (epOMarHiTHUX fieTasnel 10 po60YNX MOBEPXOHb MOJIIOCHUX HAKOHEYHUKIB He TiIbKY ITiIBUIILYE
BeJINYMHY cuiu onopy Ha 20 — 70 %, ane i1 inTeHcudikye npouec pizaHHs Ha 20 - 30%. Lle BinOyBaeTbcs yepes
B32€MO/Ii10 06pOOII0BAaHMX IIOBEPXOHD JleTajli 3 yililbHEHUMU PpopMmyBaHHIMU MAI 3 orsisiny Ha 1je 6yJio
3aIPONIOHOBAHO BPAXOBYBATH HASIBHICTD YIiIbHEHMX 30H MAI ipu po3po06ui TexHosoriyHux npouecis MAO. Po6ota
II03BOJIWJIA BIIEPIIE NOCIIUTY BIUIMB PEOJIOTIYHUX BacTUBOCTEeN MAI B yMOBax BEJIMKOTO MarHiTHOTO 3a30py Ha
IIpoliecy CUJI0BOi B3aeMoyii, 1110 BinoyBaoThest Mk MAI i peanbHoto geTasuio npu MAO 3 ypaxyBaHHSIM
XapaKTEPUCTUK 06POOIII0OBAHOI AeTasi Ta MarHiTHO-abpa3uBHUX IOPOILKIB. B xozi po6oTu 6yj10 €KCIIEPMMEHTAIBHO
MigTBEP)KEHO TEOPETUYHI IPUNYIIEHHS, 1100 BILJIMBY XapaKTepuCTUK MAI Ta TEXHOJIOTIYHUX (PAKTOPiB HA CUJIOBY
B3aeMoJito getaini 3 MAI npu MAO y BeZIMKMX MarHiTHUX 3a30pax. BU3Ha4eHO 3B'S130K CUJI, 1110 BUHUKAIOTh MK
00p0o6110BaHOI0 JeTaso Ta MAI Ta npouecamu BuganeHHs matepiany npu MAO. PesysbTaTu poO0TH [103BOJIAIN
YTOYHUTH M€XaHi3M ¢popmyBaHHs MAI i 0CO6IMBOCTI 1OTr0 B3aeMO/Iii 3 IOBEPXHIMU AeTajel CKIagHOI popMu B
YMOBAaX BEJIMKMX MarHiTHUX 3a30PiB KiJIbLIEBOTO THUITY, 110 3p0OMIIO MOKIIMBUM PO3MINPEHHS MOXKJINBOCTEN METOLLY

MAO i nipBuieHHs 10ro e(peKTUBHOCTI i TPOLYKTUBHOCTI.

2. In the dissertation work, a methodology for determining the forces acting on the part from the side of the
magnetic tool (MAT) was developed, which allows establishing the features of the formation of the MAI in the
process of magnetic abrasive processing (MAF). For the first time, the real magnitude of the force at MAF was
determined, as well as the processes and manifestations that affect them in view of changes in technological
factors, such as magnetic field induction, speed of movements during processing, type, shape and size of MAP
particles and material of details. Recommendations on the intensification of the MAF process have been developed,
taking into account the features of the formation of the MAT and the real magnitude of the force. The samples for
the study were cylindrical square and triangular prisms with a height of 30 mm and a characteristic size of 8, 12,
and 16 mm made of ferro-para- and diamagnetic materials, and a 1 mm-thick and 30-mm-high turbine blade made
of a titanium alloy. The technique of measuring the effective torque on the shaft of the motor rotating the part and
measuring the resistance force using a strain gauge was used to measure the force at MAF. Appropriate equipment
was designed, which made it possible to taking into account the most required factors in this study. The
ferromagnetic powders were used for the formation of MAI: fragmented Polymam-T with a grain size of 200,/100
um, 400 /315 pm, and rounded Polymam-M 200 /100 pum, 400 /315 pm. It was established that the effective



moment of friction when processing a ferromagnetic detail (according to sample data and technological
conditions) is up to 1.4 Nm, when processing non-magnetic details - up to 0.9 Nm. It is shown that the effective
moment of friction directly depends on the magnitude of magnetic induction, the speed of movement of parts in
the working area and around its axis. It was determined that the resistance force during processing of cylindrical
parts has a linear dependence on the magnitude of the magnetic induction and is 720 N /T for powder with a grain
size of 200,/100 pm and 960 N /T - for 400 /315 pm. It is shown that the strength of resistance during processing
of non-magnetic materials (aluminum, titanium and bronze) has no significant differences. It was established that
the frontal resistance forces at MAF of ferromagnetic samples, as well as for non-magnetic samples, do not depend
on the processing speed and vary in the range from 160 to 220 N, which is 1.2 - 1.5 times higher than for non-
magnetic parts (80 - 180 N). In first time, it was determined that when processing paramagnetic parts, the increase
in resistance with increasing diameter is not proportional to the increase in diameter (when the diameter
increases by 2 times, there is a 1.5-fold increase in resistance), which is explained by the differences in the nature
of processing with different structural elements of the MAT. On the other hand, the processing of ferromagnetic
parts is characterized by a proportional increase in the resistance force due to the increase in the size of the parts.
It has been confirmed that when processing thin parts such as a gas turbine blade at high processing speeds of 3-
3.5m/s, the phenomenon of a spindle-shaped formation of the MAI occurs, which is accompanied by a sharp (up
to 25%) decrease in the resistance force. It was determined that bringing the processed surfaces of ferromagnetic
parts closer to the working surfaces of the pole tips not only increases the resistance force by 20-70%, but also
intensifies the cutting process by 20-30%. This occurs due to the interaction of the machined surfaces of the part
with the compacted formations of the MAT. In view of this, it was proposed to take into account the presence of
compacted zones of the MAT when developing the technological processes of the MAF. The work made it possible
for the first time to investigate the influence of the rheological properties of the MAF in the conditions of a large
magnetic gap on the force interaction processes occurring between the MAT and the real detail during MAF,
taking into account the characteristics of the processed detail and magnetic abrasive powders. In the course of the
work, theoretical assumptions were experimentally confirmed regarding the influence of the MAI characteristics
and technological factors on the force interaction of the detail with the MAT at MAF in large magnetic gaps. The
relationship between the forces arising between the processed part and the MAT and the material removal
processes during the MAF is determined. The results of the work made it possible to clarify the mechanism of the
formation of the MAT and the peculiarities of its interaction with the surfaces of parts of a complex shape in the
conditions of large magnetic gaps of the ring type, which made it possible to expand the possibilities of the MAF
method and increase its efficiency and productivity.
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IloBHE HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: [HCTUTYT HAATBEPAMX MaTepiaiB iM. B. M. Bakysa

HaujonanbHoi akagemii Hayk YKpainu

Kopg, 3a €IPIIOY: 05417377

Micue3HaxoaKeHHS: BYJI. ABTO3aBOJICbKa, 6yH. 2, Kuis, 04074, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Bacunpuenko fHa BacuniBHa

2. Yana V. Vasylchenko

KBasigikamis: 1. 1. u., npodecop, 05.03.01

Inentudikarop ORCID ID: 0000-0002-4566-8827

JoparkoBa iHdopmamist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOM: JloHGaChKa epKaBHA MALIMHOGY IiBHA aKa/eMis
Kopg 3a €IPIIOY: 02070789

MicueSHaxo,vieHHﬂ: ByJI. AKazieMiuHa, 6ya. 72, Kpamartopcek, 84313, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpi3Buie Im'sa I1o-6aThKOBI:

1. Oxpimenko OsekcaHzp AHaTOJINOBAY

2. Oleksandr A. Okhrimenko

KBasigikanis: 1. 1. u., npodecop, 05.03.01
Inentudikarop ORCID ID: 0000-0002-5446-6987
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Canenko Onekcangp Penoposud
2. Oleksandr F. Salenko

KBasigikamis: n. 1. u., npodecop, 05.03.07
InenTudgikarop ORCID ID: 0000-0002-5685-6225
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcpkoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi
ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI
TOJIOBH paju

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI
rOJIOBYIOYOTO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

HanunbueHko HOpiit Muxainosuy

Janunbuenko IOpin Muxannosud

3acrtaBcbkuil Koctautun OJjierosud

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



