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HccnenoBansl 00pasnbl yIiIepoAHBIX BOJTOKHUCTBIX KOMIIO3UTOB Ha OCHOBE IpayUTHPOBaHHBIX B Kap0Oo-
HHU30BaHHBIX BOJIOKOH, IIPUMEHSIOIINECS B y37Iax (ppUKIMOHHOTO Ha3HaueHHs. [IpoBeneHsl TpuOoIOrHye-
CKH€ UCTIBITaHMsI, MOJIEIIMPYIOILIUE YCIOBUS dKCITyaTallui Ha MamnHe Tperust UM-58, nocne uero nosepx-
HOCTH TpeHHs n3ydeHa Merogamu COM u C3M. IIpoBeneHo uccienoBaHue Cpe30B MaTepruaJIoB METOIAMHI
COM, npoBe€H peHTIeHOCTPYKTYPHBIN aHAIN3 00pa3IOB U UCCIIeI0OBaHIE MOPUCTOCTH MaTepHaoB. Y cTa-
HOBJICHBI OCOOCHHOCTH CTPYKTYPbI IIOBEPXHOCTH TPEHHUA U MEXaHU3MOB M3HALIMBAHUS MaTepUaoB. BoLsis-
JIeHbl OCOOCHHOCTH M3MEHEHHS IIPHUIIOBEPXHOCTHBIX CIOEB KOMITO3UTA MPU BBICOKMX KOHTaKTHBIX IaBlie-
HUSX M TeMIieparypax. Y CTaHOBIIEHO, YTO OTJIMYHS B TeMIepaType TepMOOOPAOOTKH BOJIOKOH BBI3BIBAIOT
pas3nnums, KaK B CTPYKType CaMUX BOJOKOH, TaK U B CTPYKTYypE MaTPHUIIbl U paclpeAeICHUN BOJIOKOH B 00b-
éme marepuaina. bosiee xéctkue rpadUTUPOBaHHBIEC BOJIOKHA JISKAT MPAKTHUECKH MMapajuIeIbHO MTOBEPXHO-
CTH TPEHUs, B TO BpeMs Kak Ooniee rHOkre KapOOHMU30BaHHBIC BOJIOKHA MOTYT JIEKATh IM0J HEOOIbITUMHU
yriamu K paboueil moBepxHOCTH. MaTepuain Ha OCHOBE TpaUTUPOBAHHBIX BOJIOKOH HMEET BABOE OOJIBIIYIO
HN3HOCOCTOMKOCTD, MEHBIIYIO 0011yI0 TopucTocTh (12 % mpotus 17 %) u MeHbIIYyIO TNTyOMHY M3MEHEHHUS
TIO/ITIOBEPXHOCTHBIX CIOEB NMPH TpeHUH (~ 34 MKM MpoTHB ~ 64 MKkM). PaccMoTpenHbIe B pab0Te KOMIIO3UTHI
HIMPOKO MPUMEHSAIOTCS B KaUeCTBE MaTepHasa Jjisl H3rOTOBJIEHHS aBHAIIMOHHBIX TOPMO3HBIX IUCKOB, IOTY-
YEHHBIE PE3yJIbTaThl MOT'YT OBITh NCTIONB30BaHbI U1 YBEIUYCHUS pecypca aBUALMOHHBIX TOPMO30B U yIyd-
LICHUS UX XapaKTepUCTHUK.

KuroueBsble ci1oBa: yriaepoaHblil BOJIOKHUCTHIN KOMIIO3UT, YTIJIEPOAHBIE BOJIOKHA, CTPYKTYpa MOBEPXHOCTH,
CKaHUPYIOLLAs 3JIEKTPOHHAs MUKPOCKOINS, CKAHUPYIOLIAsl 30HI0Basi MUKPOCKOIIHS.
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Abstract

The carbon fiber composites based on graphitized and carbonized fibers, which are used in frictional units
was investigated. Composite samples were subjected to tribological tests on an IM-58 friction machine, that
to simulates the operating conditions of aircraft brakes. The friction surface was studied by SEM and SPM
methods, material sections were studied by SEM methods. X-ray structural analysis of the samples and the
study of material porosity are carried out. Features of the friction surface structure and the wear mechanisms
of materials were determined. Peculiarities of changes in the near-surface layers of the composite under high
contact pressures and temperatures are revealed. It was found that differences in the fibers heat treatment
temperature cause differences both in the structure of the fibers themselves and in the structure of the matrix
with the distribution of fibers in the volume of the material. The stiffer graphitized fibers lie nearly parallel
to the friction surface, while the more flexible carbonized fibers may lie at slight angles to the working sur-
face. A material based on graphite fibers has twice the wear resistance, a lower overall porosity (12 % versus
17 %) and a shallower depth of changes in the subsurface layers during friction (~ 34 microns versus ~ 64 mi-
crons). The composites considered in this work are widely used as a material for the manufacture of aircraft
brake discs; the results obtained can be used to increase the service life of aircraft brakes and improve their
characteristics.

Keywords: carbon fiber composite, carbon fibers, surface structure, scanning electron microscopy, scanning
probe microscopy.

DOI:10.32864/0202-4977-2021-42-5-508-517

Aopec ona nepenucku:

T.H. Mypasvesa

HUnecmumym npobnem mexanuku um. A.FO. Hwnunckoeo PAH,
npocn. Bepnaockoeo, 0. 101, kopn. 1, . Mockea 119526, Poccus
e-mail: muravyeva@list.ru

Address for correspondence:

T.1. Muravyeva

Ishlinsky Institute for Problems in Mechanics RAS,
Pr. Vernadskogo, 101-1, Moscow 119526, Russia
e-mail: muravyeva@list.ru

[na yumuposanusa:

A.T'. llinenes, T.H. Mypasvesa, U.B. Llkanei, /].J1. 3aeopckuil,
B.B. Kynakos, A.K. I'onyokos.

V3MeHeHre MOBEPXHOCTH YIIePOA-YTIEPOIHBIX KOMIIO3UTHBIX
MaTepUaioB IIPH TPCHUH.

Tpenue u u3HoC.

2021.—T.42,Ne 5. - C. 508-517.

DOI: 10.32864/0202-4977-2021-42-5-508-517

For citation:

A.G. Shpenev, T.I. Muravyeva, L.V. Shkalei, D.L. Zagorskiy,
V.V. Kulakov, and A.K. Golubkov.

[Surface Change of Carbon-Carbon Composite Materials under
Friction].

Trenie i Iznos.

2021, vol. 42, no. 5, pp. 508-517 (in Russian).

DOI: 10.32864/0202-4977-2021-42-5-508-517

509



Tpenue u usmoc
2021. —T. 42, Ne 5. — C. 508—517
A.I". llInenes u op.

Friction and Wear
2021, vol. 42, no. 5, pp. 508—517
A.G. Shpenev et al.

CucoK HCNOJIb30BAHHBIX HCTOUHHKOB

1.

2.

10.

11.

. IIatrenr RU2510387C1.

Khruschov M.M. Principles of Abrasive Wear //
Wear. — 1974 (28), 69—388

I'opsiuea W.I'., Topckas E.B. KonrakTHbie 3a-
JIa9u TP HAJMYUU W3HOCA JUIS TEJ C TIepEeMEHHBIM
M0 TTOBEPXHOCTH KOI(PPHUIIMEHTOM H3HOCOCTOUKO-
ctu // Tpenne u u3noc. — 1992 (13), no. 1, 185—
194

. Gun Y. Lee, Dharan C.K.H., and Ritchie R.O. A

Physically-Based Abrasive Wear Model for Compo-
site Materials // Wear. — 2002 (252), 322—331
Yen B. and Dharan C.K.H. A Model for the Abra-
sive Wear of Fiber-Reinforced Polymer Compo-
sites // Wear. — 1996 (195), 123—127

Shpenev A. Model of Composite Wear with Abra-
sive Particles. In: Parinov 1., Chang SH., Gupta V.
(eds) // Advanced Materials. PHENMA 2017.
Springer Proceedings in Physics. — 2018 (207)
Cnoco6 mnoJydyeHus
(ppUKIMOHHOTO KOMIO3HIIMOHHOIO YIJIEPOA-yI-
JIEPOJHOr0 MaTepuaJja u matepuaj. — 2014

. Hyun-kyu Shin, Hong-Bum Lee, and Kwang-Soo

Kim. Tribological Properties of Pitch-Based
2-D Carbon—Carbon Composites // Carbon. —
2001 (39), 959—970

Shpenev A.G., Kenigfest A.M., and Golub-
kov A.K. Theoretical and Experimental Study of
Carbon Brake Discs Frictionally Induced Thermoe-
lastic Instability // in Advanced Materials: Manufac-
turing, Physics, Mechanics and Applications,
Springer Proc. Phys. Ser. — 2016 (175), 551—559
Ozcan S. and Filip P. Wear of Carbon Fiber Rein-
forced Carbon Matrix Composites: Study of Abra-
sive, Oxidative Wear and Influence of Humidity //
Carbon. — 2013 (62), 240—247

Chang H.W. Correlation of Wear with Oxidation of
Carbon-Carbon Composites // Wear. — 1982 (80),
7—14

Muravyeva T.I., Shcherbakova 0.0., Shpe-
nev A.G., and Zagorskiy D.L. Microscopy of
Composite Materials Based on Carbon Fiber // IOP
Conf. Series: Materials Science and Engineering. —
2019 (699), 012032

2.

10.

1.

References
1.

Khruschov M.M. Principles of Abrasive Wear //
Wear. — 1974 (28), 69—S88

Goryacheva 1.G., Torskaya E.V. Kontaktnye
zadachi pri nalichii iznosa dlya tel s peremennym po
poverhnosti koefficientom iznosostojkosti // Friction
and wear. — 1992 (13), no. 1, 185—194 (in Rus-
sian)

Gun Y. Lee, Dharan C.K.H., and Ritchie R.O. A
Physically-Based Abrasive Wear Model for Compo-
site Materials // Wear. — 2002 (252), 322—331

. Yen B. and Dharan C.K.H. A Model for the Abra-

sive Wear of Fiber-Reinforced Polymer Compo-
sites // Wear. — 1996 (195), 123—127

. Shpenev A. Model of Composite Wear with Abra-

sive Particles. In: Parinov 1., Chang SH., Gupta V.
(eds) // Advanced Materials. PHENMA 2017.
Springer Proceedings in Physics. — 2018 (207)
Patent RU2510387C1. Sposob polucheniya
frikcionnogo kompozicionnogo uglerod-uglerod-
nogo materiala i material. — 2014 (in Russian)
Hyun-kyu Shin, Hong-Bum Lee, and Kwang-Soo
Kim. Tribological Properties of Pitch-Based 2-D
Carbon—Carbon Composites // Carbon. — 2001
(39), 959—970

Shpenev A.G., Kenigfest A.M., and Golub-
kov A.K. Theoretical and Experimental Study of
Carbon Brake Discs Frictionally Induced Thermoe-
lastic Instability // in Advanced Materials: Manufac-
turing, Physics, Mechanics and Applications,
Springer Proc. Phys. Ser. — 2016 (175), 551—559
Ozcan S. and Filip P. Wear of Carbon Fiber Rein-
forced Carbon Matrix Composites: Study of Abra-
sive, Oxidative Wear and Influence of Humidity //
Carbon. — 2013 (62), 240—247

Chang H.W. Correlation of Wear with Oxidation of
Carbon-Carbon Composites // Wear. — 1982 (80),
7—14

Muravyeva T.I., Shcherbakova O0.0., Shpe-
nev A.G., and Zagorskiy D.L. Microscopy of
Composite Materials Based on Carbon Fiber // IOP
Conf. Series: Materials Science and Engineering. —
2019 (699), 012032

E-mail: FWJ@tut.by

JUi1st nprOOPETEH s OJIHOTO TEKCTa CTaThi, 0OpaIiaiTech B PEAaKIMIo KypHaIa.

Anpec penakuuu: 246050, yin. Kuposa 32a, r. ['omens, Benapycrk Tenedon/daxc: +375 (232) 34 06 36 /34 17 11
Full text of articles can be purchased from the editorial office.

Address: 32a Kirov Street, Gomel, Belarus, 246050 Phone: +375 (232) 34 06 36. Fax: +375 (232) 3417 11

510


mailto:FWJ@tut.by

	А.Г. Шпенев1, Т.И. Муравьева1, И.В. Шкалей1, Д.Л. Загорский2, В.В. Кулаков3, А.К. Голубков3
	A.G. Shpenev1, T.I. Muravyeva1, I.V. Shkalei1, D.L. Zagorskiy2, V.V. Kulakov3, and A.K. Golubkov3
	Список использованных источников
	References


