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ABSTRACT

ABSTRACT: The stability of friction with or without current-carrying and its effect of
current-carrying wear of highly pure Ti3AlC; bulk and C bulk against low carbon steel
has been investigated. Experiments are performed on a block-on-disk type friction tester
with sliding speeds from 20-60m/s, pressures from 0.4-0.8MPa and electric current of
2A/mm’.

The results show:

1. Involved in the experimental conditions, the friction coefficient of Ti3AlC;
materials and carbon-based materials during the entire experiment with or without
current-carrying demonstrate the stochastic volatility, and the relatively stable period,
subject to normal distribution. Its standard deviations with the normal pressure, sliding
speed and load current changes are different. More stable of friction that is, fluctuations
of the smaller, the smaller value of its standard deviation; the other hand the greater.

2. The stability of friction and wear rate of Ti3AlC; and C bulk was only slightly
affected by the changes of sliding speed and normal pressure in the conditions that
without current. However, it causes a significant impact in the current-carrying
conditions. The stability of friction decreases with increasing sliding speed or
decreasing normal pressure, higher stability corresponds to lower wear rate under
current-carrying friction. Standard deviations of kinetic friction coefficients, as a
characterization of stability, show strong linear correlation with the wear rate. However,
when the sliding speeds are higher than about 50m/s or normal pressures are less than
about 0.5MPa, the current-carrier wear rate of Ti3AlC, increases rapidly.

3. The stability of friction with or without current-carrying is the main effect factor
of current-carrying wear of highly pure TizAlC; bulk and C bulk against low carbon
steel. Especially under the conditions with current, the enhanced stability can effectively
inhibit the process of current-carrying friction micro-arc production, reduce the overall
wear rate of materials; the weakening of the stability of the process led to friction and
wear surface materials have a micro-arc, larger role in arc ablation, the overall increase
in the wear rate of materials.

4. Compared to carbon-based materials, Ti;AlC, materials show an excellent
stability of with or without current-carrying sliding friction, which determines the

Ti;A'C; good friction and wear characteristics. It is good for sliding friction materials
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with or without current-carrying friction.

KEYWORDS: titanium aluminum carbide; carbon-based materials; standard deviations
of kinetic friction coefficients; stability of friction; current-carrying wear; electric arc
ablation
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Fig.2-4 Illustrative diagram of current-carrying system of the block-on-disc type, current-carrying,
high-speed friction tester
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Fig.3-2 Curves of the instantaneous coefficient of friction at normal press of 0.4MPa
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Fig. 3-4 Curves of the instantaneous coefficient of friction changing with sliding time

under the different speeds and normal pressures of Ti3AlC; or C bulk
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Fig. 3-5 Typical curves of kinetic friction coefficients of Ti;AlC,
sliding against low carbon steel
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Fig. 3-6 Typical curves of kinetic friction coefficients of C
sliding against low carbon steel
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Fig. 3-8 Speed characteristics of standard deviations of kinetic friction coefficients of
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Fig.3-11 The wear rates as functions of the normal pressure

30



8| RGP N 2 e A A Bt

BERE SR EZ BIRR T E VIR KRB . RS0 R B AR G 1 RO 1 BE K i
X TiAIC, R ERGHEREEZWA—. B 3-12 FERABRT, BE
ERER. BHIFEHEER, TiAIC, RAAMBERAN KB NELT S EETR
R RS IR R R RN E . ERERABRR. BEEmERN
BAT, AENBERZE5HEEREREZERFHX. AEEEERENZW,
Ti;AIC, MR KIS EB AR RELRIRE, HEREWRHEHERL. TUKE
Bk i zh BE R R BObR v R 2 BE TR Sh U 3 B 2R i, BPIR BB AREE TR,
EREHEMA. MH, SRERETSHEHEEEYR, SRR EERE
FaMES. TUER, ERMEBHAMBERT, THAIC, RiEH T2 BEAEH
g R E R A R R AR IF AR B TR EASY, CLRIHIREFN
HIEEREN. HEREENTRUMEIEEREEZHAKR, EENEGR
REHBIERR IR ERSURE, SMIRSIERE RN BEN
EWBAK., X FHRERGT S, SIEEE RS2 E W 3 E A 18 KT
BEMK, BERZEMEERERENMATNK, JIERREEREM 0.013 B X
3 0.069, BHMZMMTIE 11 65. B 3-13 hIFEKRBERT, BEERIEE. Tk
FEREERN, Ti;AlC, SRARFIBKIE AR B NIELE IR 3 R S 12 P B 5 R b B AE
BREGERETHOME. FETUER, EAMEARRIELT, THAIC, R
EEABEEWE, HRIERLEPERNEMERTFHEE THRBER, B
ZRIBRFHFB EREENE, L Ea e S nEs R EE R EURER
AN, AR SEEREE A BRENEWAK. T FHRERETS, 3
EEABIHREMEEABH YK EUEAHE, BEERENEEERE
TR KT RRAK, FrrE (R ERIFTE 0.013 EABSTEE, BREREKTHEZ. XK
Y REEZRRWHMA, BEREZRLEFEREEBPIMNEBNEENS, B
BRE AR A BRI K, NS — KRB AR R E A,
HEmHNARZ D, SERABSROI SRR, BHEK.

31



B 783! PNl i et A VA58

80
f'E\ Normal pressure:0.7MPa
; n
ME 60 = C
E ¢ Ti;AIC,
©
2
X 40_ .
S
@
|-
.
$ 20-
3 ]
0 )
0.00 0.02 Stan dalgdocfeviation 0.06 0.08

3-12 [F] 5 ¥ i) s 558 55 457 2 FF) ) R 4 R b i fi 22 T R AR
Fig.3-12 Standard deviations of kinetic friction coefficients dependency of the wear rate
under certain normal pressure

10
* Sliding speed: 20 ms
—_
g€ 8-
L " Ti;AIC,
£ * e C
\oE 6-
=
X ]
~ 44
{’...: °
St ®
§ 2 L .'. [ ]
=
o v T M T v T o 1 M
0.010 0.012 0.014 0.016 0.018 0.020

Standard deviation

Bl 3-13 [f %€ 1 Bl BE B 45 8 () ) PR R R Kihm vl O 22 BT AR
Fig.3-13 Pressure characteristics of standard deviations of kinetic friction coefficients

under certain speed

32



B0 DN 2 v A D8 i iR E

1RIE Zhai SRS ARO AT ERET, BRI PER BB R E
HEX, MOABEREERERIEEREHNEEER, IREEIETH
AR Z B Bl SR b7 b RS H B M Ak 2 (el Ak FETR BRI
B, dTRIEBRREMOEREE, L TFEEEMEZ Wi, EHOE
AT B ek — R — Y SRR AR . EWBIBRE), BONEEXRAAE,
A RARE. ANSEE, BOEREREMOAGZHEMb e L8N
FEHHA, LB R N A SRR, Bk, BEEREZENEHRRZ
PUMEESE . BABAFRENSER.

4 BERERES S

5 THAIC MR RIBEME B S BRI e R BB B ISR ITT AR R
IR, EREENHERIEEREENREZRAK; B2, NMHEEET
& TSI RMXMBIEERENEREERTANRERRANERE. 3t
Ti;AIC, MRS, ERET, BIEERERLAETZE, HHERRNNE
REELRETAAS, EERRARIEERENSE, BERENEHRE®
K. MBEEMBRNE, HRERET, WIBERERKETE, MHO0EE
RENBEREENMRET RS, EEERLAINEERENRSE, EERIM
BREBK. b TEERET RAN T 5 MXF R IR R ERE R
T ABAITERAMRR, RIOARHBETFEMERE T ARBIEET ThAIC #
EERBREEMRH I BRI, RS E TR B SEM R A BEAT X HLBT AT

3.4.1 THAIC, MBI EIREE 51

Xt Ti;AIC, ¥ 3 BE B R 2 v R H BB 0 tE AT T UG TR IR,
LRSI R E WA K, MERET, BIEEREHLEETE,
MEABEZERENBERERELSE T AEE, EEARERIIEEREHEE,
BEERBMBERERK. b THMEHEEE TS T IR IXME3) KT
FEEEFAT A ITERANMR, BRINBAKATFEMGEUE T AR EE
F TGAIC, FIEEE, HEEMSE T FEHE SEM By #1734 tEpt .

B 3-14 (a) F1 (b) AAREIIEEZHT THAIC, MEBEHREEIREK SEM
MEm F . HEZFNIFER, M TFARMBIEE, Ti;AIC, ME BT LEF
A RIS BE A T R IR A E, RIBT KB RAKE, KE T B 5
HHEESETHREES. B 3-15 % 20ms. 0.8MPa TR K EDS i 4

33



RS TR B T4 A R

R, NE 3-15 (M RBRMNBH, BREEERERAOICERN O. Ti. ALRIDEN
Fe T%&, BERH C nEHE, KUHTMEINERERDERZY Ti. Al B
Fe REMLYARPY. B 3-16 2 20m/s KIIFEHEE. 0.8MPa Hik A F & T X Fhilg
EERERERE, HEERAN 1.0um A£G WE 3-14 (a) F1 (b) TUEH
PBEEEDEBNRSXEEBREBRE LNESE (BRAEBYESHWERSE
EBEERZLL) thEHyA, KoatEmySmei. NE 3-14 ) 8 (b)
AUE S, KETERDEMBEIMRANS, BROERD, XRERRF
BEERIEMEERE,

34



K3-14 NEITEIEAE F TiALC,BE 5 i S8 50
(a) 20m/s. 0.8MPa"™, (b) 60mss. 0.8MPa!'

Fig.3-14 SEM micrographs showing the Ti;AIC,worn surfaces under the different sliding speed;
(a)20m/s. 0.8MPa"”, (b)60m/s. 0.8MPa!"”!
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Fig.3-15 EDS patterns of wear surfaces of Ti;AlC;, 20m/s. 0.8MPal'
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(a) 40m/s. 0.8MPa, (b) 60m/s. 0.8MPa
Fig.3-17 SEM micrographs showing the C bulk worn surfaces under the different sliding speed;
(a)40m/s. 0.8MPa, (b)60m/s. 0.8MPa
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Fig.3-18 EDS patterns of wear surfaces of C bulk. (a) 40m/s. 0.8MPa, (b) 60m/s. 0.8MPa
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Fig. 4-4 Typical curves of kinetic friction coefficients of Ti;AlC; sliding against low
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Fig.4-9 The wear rates of Ti;AlC, sliding against low carbon steel as functions of the sliding under
the current-carrying conditions
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Fig.4-11 Standard deviations of kinetic friction coefficients dependency of the wear rate
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B 4-13 BF AT TiAIC, FEBREARI: (2) 0A. 20 m/s. 0.8 MPa, (b) 100A. 20 m/s. 0.4
MPa, (c)I00A. 20m/s. 0.8 MPa, (d) 100A. 60 m/s. 0.8 MPal*¥
Fig.4-13 Worn surface statuses of Ti;AIC; in the current-carrying condition; (a) 0 A, 20 m/s, 0.8
MPa, (b) 100 A, 20 m/s, 0.4 MPa, (c) 100 A, 20 m/s, 0.8 MPa and (d) 100 A, 60 /s, 0.8 MPa"¥
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Fig. 4-14 Worn surface statuses of the low carbon steel couterpart in the current-carring condition;
(a) 0 A, 20 m/s, 0.8 MPa and (b) 100 A, 60 m/s, 0.8 MPa""
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