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Abstract

This study aims to investigate the cutting mechanism of the PCD cutting tool when milling SiCp/Al
composites with 45% SiCp article volume fractions (PVFs). A two-dimensional orthogonal cutting
45% PVFs SiCp/Al composites finite element simulation model was established to study the cut-
ting removal process, surface morphology, and the variation regularity of cutting force under dif-
ferent cutting parameters is analyzed; the orthogonal test method was used to verify the finite
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element model and the deviation analysis of experimental and simulated cutting force was carried
out. The results show that particle fracture, pull-out, and matrix tearing are important factors af-
fecting surface morphology. The variation and fluctuation of cutting force obtained by the experi-
ment are consistent with the simulation results, and the deviation is less than 20%, which verifies
the validity of the finite element model and provides a reference for the subsequent research on
tool wear and process optimization.
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1. 51§

4 J@ 3 A 4R (metal matrix composites), fEIFR(MMCs)/2 b4 @ M &4 3k, 5—Rhel R4
& AL RGN T8 & A ARE,  de R 58 7 AT DA Jy £ 4 38 i RN IURL3 58 B 5T A A R
FRATRAEESICP/ANE A MR R A S g . S s R im BN il BRI iz N T
SRR HEAE. LSS [2] [3]. AF SIC Bk & &1 SiCp/Al Z A RHT B A 1T RE A A,
FEHAE SIS IA A RIS . 15~25%F7 73 301 SiCp/Al B FAE & #14: 30~50%H] SiCp/Al E&
BB T S T RS 25 28 55~75% 1) SiCp/Al E-&MEHE T &8 KEMALEERRL, H
FEH TR PR, MBS,

TERE 2L, SiCp/Al A MRME M TAF R, SRRk SiC 151 N4 JJ By R At I B 4
K, TSR TH 2 %4k . Huang Z5[5]40 T He# 17 PCD J1 A, TiC B4 EMI&EJIH, TN IRZT]
FANE 5 & 4 7] B VTP ERE A BRI LEE, JExt PCD J)EGHEAT T 1Bl s, 45 0E&0, PCD
JJ B s G-I mnd Bt AR R B8 S SICpIAl EA MBI TTH .

LI ZIR T A, WASRE, BA—ERRRY. AR BEEESRm LRI, REEEUL TS
AT A BT BAAMAEH . EHEZ[6]%F SiCp/Al B &R RHE I 25 5 Ses 45 & 5%, T
TEHITEA R DI ZEC R UIE /1B . Zhou L Z[71R A RG-S FISR S Al 45 & 1073, BER T &
RFST 4 SICP/IAL A MPRHIEZ UIEI N TrERe, AN TREFAE . 7] R AR TR RN T34 .

KCHEST T AS%IRFR A B SICPIAl A AR — 4k TEASYIBIREAL, 4347 SiCp/Al & WHRHE L) Hi 2=
Frod AR, ARVIEISES VIR Jisgn, DA e 5o ikdE, KA PCD Bt /1% 45% PVFs
SiCp/Al E-EMELAT 2 R R IEAC IR . SERSRAF VI EI 184 B 5 A R — 5, Wzl /T
20%, IRAE T A PR ST A Rk, AR SRR ST R ) BB, TSRk B

2. ARTER
2.1. HRTJLTERRESL

A3 ABAQUS A7 FRITH A DI B AR REAT AN, — 4 IEXZUIHI SICp/Al BRI R R fn <]
1FR, LAFRSE N 1.5 mm x 0.8 mm, BRI GLEE Al R, 8955 AR SiC UKL A SR (A - ORISR E, 7
B HEAAR R BEAA - O AT E = ARADRHEERE, KT A RE . 8Id python IO A SEELIE SRR SiC
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Figure 1. Two-dimensional orthogonal cutting SiCp/Al simulation model
E 1. ZHEIE3ZHIH) SiCp/Al {HEIEE

DIHIE AR — A ahas s AR I HRATE R 2R 17, K] ABAQUS/explict sKf#ds 5l 7y - 3L
B ML XA IR TR R BEAT SR g - DIHI SiCp/Al 44K R PCD J1E, fEVIHIIL R, 5 3 PCD
JVRRERE, DIEIARTE AN i, SR O B PR H O SONMRFT IR, JFETI R EBES % i, DUEs
SAEHIIEEIH] 7. ¥ SiCp/Al &M EE T AT R AN /2 1 578 42 [ €, il %5 PCD JJ RS2 i E — Ml
FERIUIEIER L, RSP SiCp/Al EE M RHIVIHIERE . 1 B Aten b2 AT VIHI05 51, X I#| 2+ Sic
FURL K L LB AL SRR BEAT PR AL, AZ 5 UTHIR Al AP B EAT SIC BURIFIBERL A, DLERIR
A IR TR S

WA SIC ki Al ZE4A0ETE COHESIVE AR/ oTiE R, 238 A4l b i B 3 3B eI (1 H 2
fi, ATUARGIETIRS TR 5%, VB BRI TREAIBS . it TS TR 2 (8 [ty i - i,
ReOnm BEREE SO T BESE, BESRIAIEOR B Y 0.15, VA MIBEHEE SO “RE” Hefid

2.2. KRB R YE 5y EAEN

(1) Al AR PR
BES BRI, NAR, NASE RN SR H Rk, B4 SR A Johnson-Cook As 47
BRI ) S H U 1 FoR, AT DLIR R N[8]:

el 4]

XQ)HF: T T HFRERE)FIMEERK): & & A RIRRERIBIERAZ RS HENAR; m N
MR REG A FORMRN SR P IEAGREE; ny C 20 FRoRAI R NAE [ A8 24k 7 5L

Table 1. JC parameters of Al matrix [9]
= 1. Al E4689 JC 2H#1[9]

A (MPa) B (Mpa) C m n Tm T,
369 684 0.0083 1.7 0.73 502 20

DOI: 10.12677/mos.2024.131009 84 A ()


https://doi.org/10.12677/mos.2024.131009

NS 45

(2) H45EAH SiC Hitks

SiC ki & —FASHT Al FIIEYERTEL, 78 SiCp/Al A PRI RE Fh 25 5 R AR e 1k W 28 2 3t
%o IR A ABAQUS H (1 1 Wi AR AL, X SiC UL (1) W 2 2 AT 9 EAT AL

SiC PURLE WL FT AL TR MRAS, BTy - NAR G Rl s v 8, LIS R 4 1A 40 Wi vl DU SR FH e K
TERE N, R

max (01‘0'2‘0'3) =0, 2

K@ 0,,0,,05 NER I E(Mpa): oo IFHEHIHTHRIEE (Mpa).
7E SIC Bpi R A W R R R, HUH AL AU E W 2L R v U], AT AR N
G
u =2 3)

no ]
O-tu

K@) Uno ABIRI FREFAIFZ(UM), G Gy 73513 | TR REMIMT RN S HIAG1E . Al ZEfK. SiC
FilL Lz PCD JJE IR RHEE WA 2.

Table 2. Al matrix, SiC particles and PCD cutting tool material properties
= 2. Al &K, SIiC FhLK PCD JIEM KB

MR Al J A SiC kL PCD J1 A
25 1% [(kg/m?®) 2820 3130 4250
HPE A B/ (Gpa) 70.6 420 1147

HRA L 0.34 0.14 0.08
ELH kg KT 880 427 525
HIEIK RHUK 236%x10°° 49x10° 4x10°®
SHEW-m K 180 81 2100

(3) WKL - FAK T =

RIURL - Fe A TR R R PE R TTIE, 25| pBWA N, L5 T, RETERIE 2 ] 1232 5] 1B &
B PR 0 S e M S N R B o REVEIRER TN ) - RS R DA =SB SH P AR P R
SE, B FRHTGRE  FI 58 42 SR RN B S oK A AN ST TSR RE . I BT SR RE AT I 56 4 SR R R B K A2 A%
ZIEAFAE LT B K AR

1
G'=Z6_4 4
5 (4)

@), GNFHMIZLEE.
3. SEIE MBSt
3.1. SLIG&H

SIS T A4 45% A A 5041 SiCp/Al Z &ML, TAFRSH24 120 mm x 70 mm x 3 mm (1K 77 T HLk),
HRLE 202 R ~F o 20 pm. 45%1R AR5 SICp/AL 5 SR VR BHE R )25 BE 23 il i 36 3.
AR

S EOR R A 2 Bian, R BE I SE6 AE S35 7 DMCE50V s LAt BT . Kistler =[]
e P I 77 A0 2 81 R A SR 288 i 7E S L N HEAT R, SRS 2000 Hz,
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Figure 2. Experimental device diagram
2. FWKREREE

Table 3. Material composition of different VFs SiCp/Al composites
% 3. NEIAFAS % SICp/Al EAMRIBIMEIE R

TCER A (%)
C 0 Si Al

PVFs (%)

45 2412 9.83 23.77 42.28

Table 4. Mechanical properties of different VFs SiCp/Al composites
4. FRIATAS 1 SiCp/Al EEMRIRIF1EMERE

PVFs (%) HE (glem?) LA (Gpa) PR 2 $0(1079/K) PEZ(W/m x K)
45 2.92 160 115 190

3.2. LWt ERZE

FEASC Y, SER SR AT BN, FFaatmiEr e, N 7 Rl R A %, R IE
ARG e 5 K PR P sk D S5 /08, SR PCD Bt 7J5%) 45% 447 73 %4 SiCp/Al 54 ARLEAT 2 [ 3R IEACHE
IS, RRABEMICE Y 50 mm. Mg DIHIEE . R 70 ks B k45 % 3 MRER, BAEER 3 MK
-, JER Kistler =[] s BRI ASCITE = FVIHI . BEEIZBAKFIRE 2 5 PR,

Table 5. Milling parameter setting
=5 GHISHRE

BEHIKF I HIE FE (m/min) LR TE (mm) 5 FE (mm/min)
1 250 0.1 250
2 300 0.2 300
3 350 0.3 350
4. BRESH

4.1 (ARERIH
411 YIHIERRITE

9 T L 45% SICPIAI SR RHIA DI SRR, SRAIFISEHZHO I SICIAL TAF, HEDIHIR
LA 4R IERCI B, ZEVIMI LRI A2, PCD JJALS SICOIAL BRI/ 43 A HE ST 3 .
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Figure 3. Simulation of cutting removal process
3. YIHIERME AR

F 3(a), PCD JJHE S Al JER R AR, RAEBRLRE, BN, KR SiC Bk — Ik
H, FERYIE, FERT I R 45 B 5. (b) PCD J) Bk K23 SiC kil , SiC ki Bl T B 74
LG, YA AL JERFD SiC Btk 2= A BAER 7). ()44 PCD JJ R 45 3 V) HI 21 SiC FUkii, SiC
2B IR N R AENEVERT R IERERE, PR AR N S (d)F SICp/AlI & EE S PCD J) BB fbis, Al &4
A SIC BRI SZ B AN F7, BT BORLAH BB RAE T, RIS )T s R 3 B4, Bl PCD
TIRWEVIBIT MO TR, TR SiC BUREEMI, SiC RIUKLSZ 3] Hs S 1T 3132 RIORE e 14 i 22 4 )01
I, 2P RIBORR )3 R AR KA. BEE VIAIEEAT, B SiC UKL 2B 5 B VIBR 1K) Al 24
— U E T E AT I BN VI 10— 5 . 4R T UTHI R E B, 3K Mises W) EZHBLEE T)
BRI 55 AR X LA K& SiC Rk & Fl o

4.12. HEFREHIHR

BT Al JEARAT SiC Fvkr A AN [F] 1A KL 1 F0 722 1 Re, 7200 T SiCp/Al EA PR, 3 BEHGRT
KFFAFEIM R R BOE A, Horh SIC FIURL I 2k 2802 B U X2 52 D) il R T RS0 00 3 ZE 52 i PR R [10]. 1
HRMEIWE 4 o, FEARRERE. Mt SRR H . BORIBRL . AR SR GG 2 SIiC
WRLSET T) B4, RIS IR, EES R AR S UIW I %, MBRLE ) B At I B,
A BEE Al B IEYE I BRI R4y AR S34h, ARORL 2 R4 fid ™= AR 5% R AR ELVE IR, ik
A AR IR o

o
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S, Mises
CFY9.75%)

UL R AR M5t

/ »

+0.000e+00

Figure 4. Surface topography in simulation

4. fHEFREMIR

4.1.3. YIHIEE X R EFERFN Y] B AL R F

IR R VI HLS AR O T 2%z —, AEVIHIEE T MRS GRSk 5 Bix.
SEBFATRIE 0.1 mm, YIHIESE Y 250 m/min, 300 m/min, 350 m/min.

MHEFMARMTEOLT, BEE VIR BEOR, TIEXS SiC Bk oA A E b b, 2R
BEAYIE, SEVIHERET S, 15 Al B AR, SIC BR RS UM . MBI RTCUE H & vl
SRAF BN 2R T 5T B B LA D) A A BE 4, MOPE SR i T AR R R v B U I E R RS B A R
T Jo

S, Mises
(F19: 75%)
+7.061e+03

(a) Vc =250 m/min, ap = 0.1 mm

S, Mises

(FE13: 75%)
+7.906e+03
+1.000e+03
+9.167e+02
+8.333e+02
+7.500e+02
+6.667e+02
+5.833e+02
+5.000e+02
+4.167e+02
+3.333e+02
+2.500e+02
+1.667e+02
+8.333e+01
+0.000e+00

(b) V¢ =300 m/min, ap = 0.1 mm

m
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S, Mises

(F19: 75%)
+1.184e+04
+1.000e+03
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+8.333e+02
+7.500e+02
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+5.833e+02
+5.000e+02
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+3.333e+02
+2.500e+02
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(c) Vc =350 m/min, ap = 0.1 mm

Figure 5. Surface topography and chip morphology at different cutting speed
5. TNEIVIHIRE THIFRERREMYER K

4.1.4. FHLEFREFNREHFRMYBR BTN

K 6 NI EVIHIEE, DO TREE T IR BRSO, W] LA U1 i RS B R 45 R L O K
MR, AN JTRS ALK, SiC BURIREENL 2 EIIE, = HIUKE SICRLATH 5. S MEwTaE
R, HRITIE - VB EMmARE R, RimRELzE, VMR, DIERERSRE S, ) ms
5y SR8 A5 ZEE A I P 3 P — AR 3 BEE AN = (AR B BE

S, Mises

(FH: 75%)
+7.906¢+03
+1.000e+03
+9.167¢+02
+8.333¢+02
+7.500e+02
+6.667¢+02
+5.833e+02
+5.000e+02
+4.167e+02
+3.333¢+02
+2.500e+02
+1.667¢+02
+8.333e+01
+0.000e+00

(a) Vc =300 m/min, ap=0.1 mm

@, Mises

(P 759%)
+1.213e+04
+1.000e+03
+9.167e+02
+8.333e+02
+7.500e+02
+6.667e+02
+5.833e+02
+5.000e+02
+4.167e+02
+3.333e+02
+2.500e+02
+1.667e+02
+8.333e+01
+0.000e+00

(b) Vc =300 m/min, ap = 0.2 mm
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(c) Vc =300 m/min, ap = 0.3 mm

Figure 6. Surface topography and chip morphology at different feed depth
6. TRERIASLRE THRERSRFVIBR K

4.2. YIRID S #h

Table 6. Deviation table of 45% SiCp/Al cutting force experimental and simulation value
5= 6. 45% SiICp/Al IEI LR EMHEERER

. o HEOA SN NAYAN
SH UM AT Rl i IR A1)
F5 (m/min) (mm) SEREN)  PTEEN) P 22 SEREN) DI EAE(N) B
1 250 0.1 68.422 60.086 12.18% 39.856 35.206 11.67%
2 300 0.1 71.167 62.875 11.65% 43.457 37.192 14.42%
3 350 0.1 81.970 68.125 16.89% 53.945 45.452 15.74%
5 300 0.2 103.945 87.890 15.45% 72.056 58.009 19.49%
7 300 0.3 121.832 105.079 13.75% 99.487 80.116 19.47%
140 —u— FX%E{E
—o— FxSEU{H
|| A Fyfi={E
120 - | v FySeHf ) ¢
oo - . :
% - = 4
.B 80 - ’ // - A
AT ol . e
40 F T
20 |
" 1 L 1 " 1 " 1 " 1 " ]
0.05 0.10 0.15 0.20 0.25 0.30 0.35
HEEETRIE (mm/r)
Figure 7. Related curve between feed depth and cutting force (V. = 300 m/min)
7. YIHI SRR 4R R B 2R (2R (V. = 300 m/min)
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v FyStiE
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Figure 8. Related curve between cutting speed and cutting force (a, = 0.2 mm)
B 8. M FIBELIMIE B 2 1k 4 (2, = 0.2 mm)

N T XA SiCp/Al ZEMEHIHI 5 B 5 S A5 R, IS 1. 20 3. 5. 7 AHSEIRHEAT 0 FOA
L, A7 E AT ZHCS 0 N SIS 80— B KARRI DTS T 807 2 R S 45 AT X L
FFBEAT IZE M, BRI 05 B AR S VI SR BRAE IR R 22 R W0 6 T o

i FAR AN SR ISR 2= 0 A T LU - UTHI 0 BAE A SRS 2= 391K T 200%, FEALE R332 1)
WHEA. WK 7. & 8 T, RV SSERUIN /AR s — 2, BEE DI NI A48 IR )
Hn, Fx A Py BB 38K, SR R U I R BE2E VR FE B RG4S T B S A AR g 554 SiC it
FEHREENL G K, IS DTG K, I SO 800 B8 i RItE . B 2R IR I K,
Fx A1 Fy BIRIEK, H Fx KT Py, MEEEDVIHIERZ IR, Fx 1 Fy SA830K, RUIDIHI 0 34508
AR A SEINEEURR . DT R sl RS P 5 0 ECARBL, (B SRR 2 R T S4B, T RES B M Lid 2 vh i
s, JIRERERRA K.

5. &g

A3 ABAQUS 37 1 —4E IEAZ UM SiCp/Al B G RARAY, XEAFE VNN, B4R %1
BAT I E T, RS G IR R E, 75 LR 4518

(1) WURLAERAE S TUIHT RIS R R S LD 2, £ S B T rp R FH A v 1 D7) ) e 2 A
BUNRIRELE TR o

(2) VIBIA SVIEIERE, BELTRIE RIEMS, HELTREEXTUIH] /7 (520 S0 &2 .

(3) L UIHI Sy SERAB AN FAE R 22 0 M, B8R T RR AR I, HETI AW TT ) R R N AR 5
RS %.
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