Ea8 ESH
2019 4 5H

WAERMBIS IR

RARE METAL MATERIALS AND ENGINEERING May 2019

Vol.48, No.5

SiCy/Al E 5 # #1815 %E FHITE S5

(AEBETK2%, dE3K 100081)

OFE: X SICy/AL EA MR AR SIC I N T BOHE LU B s 0TS 0 C AR A ) A, SR 43 1B D) S R
RSB ZE RS 1 7 1% SICW/AL A M EHAUK ROBEM R 25 i i REEATRIF Y, T A0 T 77 5000 4 NI RS 35 DD I SiCy/Al
SAEMBHR I TR R B A LK T H BB . S5 R RO AR S T SiCy/AL A M Sic
FEPE AR B MG 8 VE R AR I BRI . B DTSR 8N, SiC/AL AR R Sic ki T8 i i v 2 6, BUpE
PR A TR LB, I B N S 1 28 7 3. SiC/Al EAMRL T SiC-Al ST A1 Al BEARSAAE, 0T SiCy/Al E&H
B SiCBURE 22 5% (1 i 98 vk A LA A5 N TR BRI S I AEAE &5 5 SR grR g, 2 UTHIIX Bkt Sic Akl LL
B A P E RS IR o SR A WA ) L R L Ok BT SiC SR 1A B L B B R U 5 S K A SR K

KPR SIC/AI EEHEL: BRHEEN: 2 T7ah)%: RRERA: R kEE

hESESES: TG669; THI64 XHERFRIRAE: A

XEHS: 1002-185X(2019)05-1687-10

T A Tk R 38 S ER B S G BB (SiC/AD BAT i
PUR AL . e EERUEE o G AR I I 28 B DA R mT 42 4 0 2 1k
BE, EMUEMIR. V%, P BI7 OB H AR
iy A 11 75 sk H R KU R AR B (40%~70%)
(K] SiCy/Al SRR R] it 548 1 s AR AR B0 L 40
BEARA Bpoy RS R i BOIRZS SE I 5245
MERE S P RE R ) 2 PR BRI T DY R SiCy/Al
SEMEHIA AR 2005 () B2 D) 2 PERe , ARAE I T i
L HU) SIC/AL LA MBIt T SiC b L i
P SR P 2 3 UG 1) ) L A i R 2 () 2 T ),

8K TR AR/ R e = RO ST LA K ARBR 1T 357 05
A R L AR A R DG A, ORGSR
TSI SiCy/AL S A MR TR S F i S Rl 42
UbAh, TR T SiC S 4M kL, SiCy/Al &
R BHIR AR 289 TRE P RS % I i SR T S
EER . BRSSO T SiCy/AL =AM B LEE [ 5T T
AT ERE L . R Y SiC/Al S ARHRIN T & i+
OB T ARG ZE A A D) B R A S
IR D724 R 3R b, TR AR DI UER R i 58
BEAR L m AHAR . S R BUEER T . )RR SR TR
TR LR R , A B 2 BAL 2 75 4k i T 47
FESEI TS, KR AHIT S0 R B B4 MR G 48 e T
XFOIHIHLER 5, 0 AL-SiC FLish#& S 247 W R
IE T LA B 52 2% R T B el o 13 25 Uy . R,

fs HEA: 2018-05-10

TR 53 8y )3 2 44 AR VTSR, o A8 43
B SICy/AL LA FPRHEEAT RS 25 D) HIHLERAT 7. BEXS
SiC/ALE AR ALY SiC BiAR ) 2w L E K2 5
1713 S5O A T 5 DA, A T R RS D)
SiCy/Al A MR I TR Y BHLHL . e 2k e A7
AR I H R

1 DFHHNFEE

1.1 BERELGER

AL T AT B TT P I A 7 R, 3 o B ) A 1 [
FEYE 731 ) 1 5 BRI MERR PE R n SE v, o UG I
£ RG] SiCY/Al B EMEL 131 1% (MD) #id
PR T2 TRIBRSG, XA B v g OB SR ™
Mo MR SIC/AL AR 2 s 1 AH AR H
PpR B AR I A BAE R, AR A HAE
FH DA B 5 FH 5 T Ak 458 st 7 FIVBR A feE 2 T80 PR AH ELAE
xRS R T M EAER, SRAH Winey ZP1JF
RN 2 (D) IR R L B EAM) RS JE A4

Fu=32,V )+ ZF[Z .0 (n)] O

Kb, VO T IR TR oy AR XA, F AL

Ji % BR B i) AH DG BRI S 1 i
KT RE A EAE ], Erhart A1 Albe! " & T

R Tersoff 3y bRy HFH B 2 #5 R B HE i gty 7 2k

E€WMB: HFEARRFEIES (51575051); EXBHETE AL (20122X04003051-3)
TEB ' N WUREE, 53, 1987 A4, 81, Jbat# TR HUMS A%, bt 100081, HLi%: 010-68912716, E-mail: xiang_junfeng@126.com



-+ 1688 * A& B TR

848

T W 4 (ABOP)JE 2N 5 bk £, & AT e A —
%%%ﬁ%%%%ﬁim 61, TIHERG WL SiC JR T

L EEH . BeAh, BT ABOP 3R BA i 1t —
%%%%&ﬁyﬁﬁﬁ%ﬁﬁwmﬁwﬁﬁ¢%#%
(T ORI IT 24, 336 - S 30 4 NI A 0 L B 4 v A Tl
EREE, ik, SiC Bk, &RIA IR EENZ
) (K AH LA I #BR ] ABOP Ak Si-Si, C-C
Si-C J ¥ A/EH .

b

b.+b.
5)= X 1) 1) =250, )| @)

X, @(ry)/t ABOP HBRE, BRRRGEN 1A
W5 | RN HE A FH D ik e 4R A

Ve (r)= SD— exp( ﬁ\/ﬁ(r— ro)) 3)
V()= ey (pAS (o)) @
A, Do M roév\izﬂmiﬁlii%“{’ﬁﬁﬁﬁ‘ﬁﬁ‘ﬁ%%ﬂ%{%, At
Se(rip) B TG
1 r<R-D s
f.(r)=10. r<R-D )
l—lsin[glﬂ_}ej, |R—r|SD
2 2 2 D

LA, R D 53 53 Dy 4B Wy DS A7 B A 56 18, R by
A SR :

by=(+z,) " (6)

:Zk;ﬁi,;’fc(rfk)exp[z'u(rff'_rik)g(eijk” (7)

Hon, At g (0, ) b

= < ¢’ 8
g((g[jk)_i 1+d2 d*+(h+cos@)’ ®
#1526 T H TR Si-Si, C-C, Si-C JiFlalfE
i) ABOP ki 5S4

HAE B R, H TR AT — S i R 7 A )
BT W % AL AR = RAH HAE] . 7E SiC 5 Al
g, AR BAE A EE AL-Si R AL-C R+
Z A AR R, i = A EOAE O & AL-Si-C,
Al-C-Si, AI-Si-Al Fl Al-C-Al 2507 /E . o
ZAHNL I 2 AR AR L, 5 BN TR 43 1 8h ) 2R A Y
HEATAR ¥, DAME SRVER T AL-C AT AL-Si [ 5 740 #hok
HEA SiC F AL HI4E H] o % 1 /2 AL-Si-C F Al-C-Si
(9P 188 £ B2 A9 109.47°, BRI = AAAH B /E F w3 el ok

£ 1 ABOP BEHSH
Table 1 Parameters for ABOP potential
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Do/eV 3.24 6 4.36
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Table 2 Morse potential parameters for Al-C and Al-Si

interface
System Parameter Value
Dy/eV 0.4691
ALC a/nm’ 17.38
ri/nm 0.2243
D,/eV 0.4824
ALSi a/nm’! 13.22

ri/nm 0.292




%5

TR : SiCyAl LA MEHERT & 2117 2L 5 1R T 51 * 1689 -

FHES BOE ORI B, AT 5 1 3R e A ot 74 0 75 v R
HRRE, [FIN AR RGP AR e 2 5 R K AR
3, FEEAAA R A LLL B P AR S B 50T 2% . b
bb, HERGRERER/AMUERE, ks R R AR
AR KRR s 8 Se e B R (1) A2, AT
RS TE B TAHLEE 7% . Tk, 0200 & 21 Mk
PG T ICHZ 2 #7 1 B RSE, XA Ry Y R
g /I R R i A B R o K ]
R o Ay A 3 2 AT 5 5 FRD AR 8 AL RRS DR A J5E B D77 1) 1)
JAATE, SR SCHR[1314 H 09 0% T A [R] 4 A4 R 3 3
PRGBS, e B P Al SIC AR 4
ERFETT M EAIEE 14, 13 A1 16 AN, 3 Bl iA44
BHAE JE 7 1m) B JUAT RSE 4350 24 5.669, 5.668 F
5.705 nm. fFAE R T W LA R SFECA 5.68 nm,
Al SiC NI WIA 43 ) 5 50 4 F8 3 25 7 1 L AT s 22 43
52 0.011, 0.0120 A1 0.025 nm [KiR2E, /1]
(0 0 I RS R AR T 42, ml A R AR L 1 AE R T 1)
R EAYE . B 2 S A E A A SR S A T
R T 1) JA A 0 S e R 2
1.3 DFHAFELRE

AU H S TAR R AR TAE R, AR 4N
A IR AT AR . Wi 1 R, SRR B
A A G N ) BB RT3 5r o 3 ASA TR AE
M AR RS R TSR R T Y]
M7 FLIE R, 15 I 4 BT A6 A% [
RS s N NSRS SR e RIS B A R S S
KB RYE . AR DIHIE R, 5 — AT X () S AR
%qu&ﬂﬂﬁI#%MEﬁ%@%Fﬂﬁ%%%

MR LA @ AR AT AR (1) D) ANV E
ﬂﬁﬂﬂza)ﬂ 5 3 T AR ) REHGH 2 4
o HAEGR DB g, l B AR /N A fig S
ﬁﬁwmm,%%%MEﬁmﬁ%#ﬂﬁﬁFEﬁ
U 2 S5 T 132 By 30 ik A I 1) 2 R R DL SE LD )

Boundary layer =>
Thermostatic layer =——=

Newton layer ===

Boundary layer
U Thermostatic layer

Cutting direction

11.336 nm

11.336 nm

11.3386 nm 11.336nm |

34.0106 nm

Bl 1 SiCy/AL SZE M RHER 2 221 K43 T 3 ) 2 A
Fig.1 Molecular dynamics modelling of ultra-precision turning

SiC,/Al composites

Nearly perfect
Crystalline structure

Perfect crystalline
structure

2 ST ) A A i Y
Fig.2  Atomic configuration of periodic boundary along the

thickness direction

GEOE R 23 Pos EIUNE VS S DI op St
IR AR FE AR T e 5 R (K R AT
e

N
> mv; [2=3Nk,T /2 (10)

o, m ®0v; 43 R AN IR R AR, N
JEUF R ke A B IR 2% 2 $(1.380 650 3X 107 J/K),
T R R iR

VB FERE 3 D)0 43 1 3 1 4 B0 I R B X ek, 4
i Jo2 J5 T 138 2y AR AR iR BOR0 57 ) B B
) AH HAE ] 0, 730 SR A W02 — s 2y e R 1 .

a,.szl.x/mi=d2)cl./dt2 (11)
Hor, ay, W i NEFALE x 7 BRI RE, m
iR, x W N IEY x 5 ) AR A
BAR AER T A i AR TAE x 5 BRSO FL TR
VK

F, =—dV /dx, (12)
X T R ATE L IR 4 AF, TEAT R 2 AR SR N IR g5k
i o AP AR A 7 B ok R



* 1690 -

Wi @M RS TR

848

- a(-Zmveniisier) o

S, @ WRGMBL 1 T M TET Gk
R, v, WIRT MR R, @ NIFREAE, 7
SR j AR TR T i R

T 56 I LR B e ML SV i i 2 4l
5y RGEUAT SR BEBACAK , DLIRE G 3 Bt 1AL E K
B AL EE 300 K AOBOE I R G2 T 0 2 4155 i 14
RUREAT 5 5t T AR 5t P I g, HE R Ji - AR A0 B 7y
i e N Maxwell-Boltzmann HEII o 285 ith #4847 SiC/Al
RAMEHG R PR 3 FToR . RV e S AL i
ANTRIA LA S PO DR R ik, ) B PR 2004 0.211 Al
0203 nm, #IET ALSi (0.2445~0.292 nm) 5 AI-C
(0.2~0.224 nm g . K 4 KBLEMTE 8000 fs
LUE RGERE RS i R TP AG E S, AT B
SWIA DI SiCy/Al A K 23 1 8) 1 #0 . VIi)
P FH Berendsen Vi v il 42 0 J 2 Jo - 3k 1N
300 KM f BB KGN E] 0.5 fs, LU G D) Rl R
TAFR T Z K2 3 BLHE T SCD s % I T SiC,/Al
AL 18 1 R DT S A SRR R SR
F1or FIHAT IH ALK A LAMMPS HEATHRS 25 4211
SiCy/Al A MRS T8 J1 2 # Al

@ C atoms in SiC
Si atoms in SiC
Al atoms
C atoms in diamond

Kl 3 st PHTIE SiCy/AL 5 MR 1 s 71 Y
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Table 3 Summary of cutting details in the MD simulation

Items Contents
Tool material SCD
Rake angle/(°) -20
Tooling Flank angle/(°) 10
Edge radius/nm 2.3
Number of tool 53384
atoms
Workpiece material SiC,/Al composites
Workpiece size/nm®  34.01x11.34x57.05
Workpiece
p Nurpber of 184512
workpiece atoms
Cutting conditions
Cutting environment Dry
Operation Depth of cut/nm 0.5,1,2,3
Cutting speed/m-s™ 100
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Fig.5 Machined surface formation process under cut depth of 1 nm: (a) 2000 fs, (b) 10 000 fs, (c) 18 000 fs, (d) 26 000 fs, (e) 34 000 fs,

and () 42 000 fs
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Fig. 8 Brittle-ductile transition of SiC,/Al composites under different depths of cut: (a, b) 0.5 nm, (c, d) 1 nm, (e, f) 2 nm, and (g, h) 3 nm
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Fig. 10  Stress distribution of cutting zone under different depths of cut: (a, b) 0.5 nm, (c, d) 1 nm, (e, f) 2 nm, and (g, h) 3 nm
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Fig.14 Surface morphology (a) and surface height distribution (b) under different depths of cut
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Fig.15 Wear morphology of SCD tool: (a) rake face and (b) flank face before cutting; (c) rake face and (d) flank face after cutting
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Simulation and Experimental Research on Ultra-precision Turning
of SiC,/Al Composites

Xiang Junfeng, Xie Lijing, Hu Xin, Huo Shiyan, Pang Siqin, Wang Xibin
(Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aimed at the difficulty in producing high-quality machined surface due to the existence of brittle-phase SiC in SiCy/Al
composites, this paper used the molecular dynamics simulation and ultra-precision turning test to investigate the material removal process
of SiC,/Al composites at nanoscale, and focused on the machined surface formation mechanism, brittle-ductile transition and tool wear
mechanism in single crystal diamond ultra-precision turning of SiC,/Al composites. The results indicate that high-pressure phase transition
is the main reason for the brittle-ductile transition of brittle-phase SiC in SiC,/Al composites. With the increase of cutting depth, the
removal of SiC particles in SiCp/Al composites experienced from ductile cutting mode to hybrid brittle-ductile cutting mode and finally to
purely brittle cutting mode. The SiC-Al interface and soft Al matrix in SiCp/Al composites considerably affects the brittle-ductile cutting
mode transition mechanism when machining SiC particles in SiC,/Al composites. The existence of tensile stress on the uncut chip could
induce the peak of brittle SiC crack initiation in the cutting zone. The primary wear mechanisms of SCD tools are abrasive wear originated
from hard SiC particles’ scrape and machining induced graphitization.
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