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Abstract

Objective: To develop the analysis of SiC particle removal mechanism and surface integrity of
grinding process in SiCp/Al composite materials. Methods: A numerical material model and sin-
gle-factor grinding experiments were designed to simulate the cutting of 20%vol SiCp/Al based on
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the J-C intrinsic structure model and the particle fracture criterion. The grinding test was carried
out on a CarverS600A machine using dry reverse grinding to analyze the effect of different process
parameters on the surface roughness and to analyze the typical surface defects and their causes.
Result: The grinding force when the grinding grain cuts SiC particles is 5~7 times of grinding Al
substrate, and the material The internal stress concentration phenomenon occurred mostly at the
interface between SiC particles and Al substrate, the depth of SiC particles cut increased, the small
size particles were easy to be debonded and removed, and the large size particles were easy to be
fractured and broken, when the grinding wheel linear speed increased from 4.7 m/s to 9.4 m/s,
the roughness along the grinding direction table and vertical grinding direction showed a de-
creasing trend, when the grinding depth increased from 3 um to 12 pm or the workpiece speed
increased from 50 mm/min to 200 mm/min, the roughness along the grinding direction table and
vertical grinding direction showed a decreasing trend. Conclusion: The removal of SiC particles
was mainly by fracture crushing, debonding extraction and dissociation crushing, which were the
main reasons for the poor surface integrity, and reducing the grinding depth and increasing the
grinding wheel linear speed could significantly reduce the surface defects.

Keywords

SiCp/Al Composites, Grinding, Remove Form, Roughness, Surface Defect, Numerical Simulation

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

SiCp/Al Z &M EHERE SR, SIC FURLAL R R B8 A kL, FIR B & mER A, itk
SRR, T EVELE . TN ERR AR A, BTN TRE B RIS 1] [2]. A, BT
Al FEARFN SIC BURL )3 ) SR PEAR ZE 0K, TENLIRIN T 25 20w R YT D A FasE . I TR TH se 8 %
Sl R, AT RSB TIZ N 3] [4]

NAREUE R SiCp/Al EAMENIN TR, KEHFFLN GE I SLI8 A5 B 456 177 30 SiCp/Al
SAEMEHEFIFAFE[5]. Teng [6]55 LUEL T ANE T2 1 SiC RIURE 0 AR T ot 2= 1R s, R TGk ¢
B SIC Bk LR & B R W& . Gao [7]1%:0 50 T B AR 43 2 SiCp/Al E &M RHKA FEHLHI A1 1.2
SR} e THPHLRE B2 5200 . Zhang [81453@ 1 ABAQUS AU Rk R ~f R I YIEI4T N, 23 Br bl fE h
B KA 7 LS B AORRL 6 U1) JE T A 5 . Duan [9]55 55 F8 T B4R PR . R BE LR = 1RIR 30
JEEAEN 2, 48 H SiC BUh B DUBURG . BRRE RN (0 77 RAEBY DX 5 7] - JE8efd 70 4 2B Xu [10]
EWRFURIN SiC BURITE/N T 0.01 um FIRIIRERE N LAAE M7 A B, B RRIRE RN, SiC kL i
PEWTZLAR I o 5 KRS 1AL T R B 2% A0 T O B LB AN SR T e R 1, 4 SR WA 4 v D) Mok 2
AEfy BEIREIN TR R E. fEHIEat b, X SiCp/Al E &R 1AL £ M55 A AW 7T, Wang
(1286 368 37 350 R0 28 ) S 6 it D 0o P e R v — 2B, BOORE S8 A RS, TR s, S 3R i &=
WA, JRNVTEIR FE T R T T B . Wang [13]5505 BT 1 R ISR EGE BTE Sl KIS SiC ik
JUATRST A 25 1 Wa [14]55 0@ 5 15 55 S 30 AR 45 A 1 7 U 98 1 1T IR %o 02 THT 5477 18 P R B 1
Wi, FARZE[15] Xiang [16]F1 Yan [17)55H A PR o AER 78 1 #E AR BIXS SiCp/Al H &M EHIN TR HTE
A SR T s, AR, A IRENIRIEAE — @ Y B N3G K, T 0 OB e 8Ok, b
ARG, RIS R,
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SiC UKL RSN S HIE S RS %, IF WIS 200 R R I ke FE R BI5GB A ], R
FE LB ST oM TR R ST SR I B . RIS 6 &, (B R TS FUA R DD BIER L (kL
WiRa, BRI Ah, PR 8 M B AR R AR RE[ 18], AR ARNIE . 5 BE R 1 S5 75 D)k
o, RS RICHRL 78 705 R IR S 2K, RIAHT FUE AT 0 BB T AEE AN 2, L% 8 SiC
UKL LA Bz 9 A F T S0 A BR e BB A, X SiCBORELEA [ 5 Il BR AR O K BRTE A, SR AR T SREE
R I B, IFEAT T lieiRiE .

2. SiCp/Al BIRTHERE N
2.1. AR/ AER

WAL B RL 1K LA 4 0F A2 2 3 AT PR oA A ) SR A, B B A0 M 4 SR OB . TR IR AR 9 45
PYTHON i& 5 % ABAQUS #47 kPR, H5L SiCp/Al &AL UAREAL, SZBL SiC kL BEHL A5
1 B A BRI LA, B R E uNIfE, H Referencepoint TR MINIAZSHE . TN
200 pm, % 40 um IEEFE, SiC BRI ELAE N 5~20 pm, HARHE A SCHT AR A & &, AL JE 44 2A14,
SiC FUkL A & WA B R 724 RE S 536 1 BTZR[19] [20]. 5T SiCp/Al B & MR EZ g0 (4 2),
4 SiC BURLARFA 73 BB B 9 20% [21] [22].

o PCD
Grinding abrasive
direction particle

-

Reference
point
/T
Al matrix SiC particle Cohesive /L/>
interface
Figure 1. SiCp/Al composites grinding geometric model
& 1. SiCp/E &M RLEHIJLTREY
Table 1. Physical property parameters of Al matrix, SiC particles and diamond abrasive particles
= 1. AL EARRD SiC KUK SRIA BRI EES
Parameters 2A14 SiC Diamond abrasive
Density/(kg-m ) 2.70 x 10° 3.2 x10° 3.52 x 10°
Young modulus/GPa 68.9 485 1147
Yield strength/MPa 325 1500
Specific heat/(J-g "K ") 900 427 525
Heat conductivity/ (W-m K ™") 180 81 2100
Thermal expansivity/(x10°C) 21.8 4.9 4.0
Poisson’s ratio 0.31 0.14 0.07

o
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Table 2. Proportion of main components of materials (volume fraction)

= 2. MR ERRS SEEERS )

Materials SiCp 2A14
80%
. Wg
0,
20% SIC.I;/AI 20%
cOmPpOsItes Si Cu Mn Mg Ti Fe  Zn Al
0.6~1.2 3.9~4.8 0.4~1.0 0.4~0.8 <0.15 <0.7 <03 bal

2.2. BRTHEERR
2.2.1. BEEEGER

FEAT EAA AT AL B R s T ALJRAR . SiC BRI B ) 2R REANTF], 20 S5 FLdE AT AR I 1k A

T, BEAALL Johnson-Cook AMHEAL[23], wW=(1)fioR:

o=(A+Bep)|1+Cin— || 1- T Lo
50 Tmelt_Troom

(1)

KB A By ov & g &0 maona T T 0 BIOARPRHEARGRAZ . NASHEALEL . MIAZARH RS R N AR

R, BHNAFR, FHIAVENAS; JE A BN HUREL ARG Ik 3 R

Table 3. Parameters of Johnson-Cook constitutive model for Al matrix

%% 3. Al E4F Johnson-Cook AN#1EEL S ¥

A/MPa B/MPa n c m T/C

T,/°C

176.45 63.99 0.07 0.0036 0.31 20

650

Al &R E 7 B FE B Johnson-Cook Wi eIk iA[14], D HFRER WA (2): D = 0 FR

WOEAGERSS, 2 D=1 FosM Rl se ek, Rk

AEY
D= Z o (2)
0
b AP AEP 3 AT AR A B A A I N A S R I I AR 1
ol {dl +d, exp(ag -EH {1 +d,In [éml +d, [iﬂ 3)
q €y Tprr =Ty
qrb: WK H s dy dys dy dy BRI 4 s
Table 4. Failure parameters of Johnson-Cook fracture in Al matrix
3% 4. Al K Johnson-Cook B LS
dl dz d} d4 d5
0.13 0.13 -1.5 0.011 0
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2.2.2. SiC T RSN
SiC VEA—FEERGEH R, EVTHE R 2 B R AR a2 8, DR Ao e Ui 22 ) 4% 8 o i by 22 vk
Mo SiC FURL I 2R 1E N T e IR [24] [25], HoE N

max(O'l,U2 ,0'3) =0, 4

Kbt o 0y Oy AR, 0, Kl PERTRHR BRI
SIC UKL B H AR, SCA 0 R v R T RV I o B B TR L RS, W T
H:

_2G’/ %)
B (R B R BTN 5% SiC BRI 24 W AR ) e B, w LUl R (6) iR

G =p(eh)G (6)

ife G obRR A BT UTRERY,  p(ek) A e 98 ) A5 B

ck \P
p@g{pg%j 7

max

X po e, AMBHIRSEL o NITRIKITNAZ .

mdx

FEA Ry, Hik SiC JitE iR S Ean & 5 Pos.

Table 5. Parameters of SiC particle brittle fracture model
= 5. SiC BRI W RRBI S %

o /MPa G;/(J/mz) p u,,/m

1500 30 1 0.003

2.23. B - MAARHFEEE

£ SiCp/Al HUE WAL B A i, B R B oo iz B T Hi iR 64 - JORL J 1l B ) 5 R AU %
MER KRR Lo FEANIERTS, B4k - UKL TR Z 8, Al B4R 5 SiC BS0RLAE 99 AR J7 T AL IF 46 43
B, R ST R IR HE N, AR R AU A IR B BB, RS IR BOT R, RGURRER I S
BE— 0 FEOB A IR, AL AL SRR SiC BRI 7> B R [26]. BF 7008 A 38 0 B oo i S 5t i

TR N
Tnzo-‘“‘”‘ S o, ®)
init _Sé‘nmax
T S O
T = tmx P G 9
! gS.. 1-S 6 ©

init tmax

TEATITT, Sy =1, LKA Sy, =0, W ITERA AL G B Hia(10) 554
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s,V (s Y

set- 22
A T SR G R T — 44 SURE UL, B 24871 60 44 S 7 H R 0 44 SURE 9 B2 F 1,

Al H:4k-SIC Bk SRR, HA AR A1), BUEINE 6 Fi.

) )
Gmax Tmax

Table 6. Cohesion parameters

Fo. ARNEH

O, /MPa 7, ./MPa J,/mm S, /mm

400 400 0.0025 0.0025

3. MIRRFGHEF*

TEARBF T, TAEMEMEH 20%Vol SiCp/Al B &KL, SLUIEIN T B ER SR K*sixm =
20 mm*20 mm*5 mm FIZEE, BEHISCIGTE Carver S600A MUK L iE4T, NEEZL PCD ¥4k o 2k 47 1~ 1 %
ELIR7 N =3 1 <2 S 25w <4 5 1 5 == 511 = 192 et e T AN -y POy M1 1wk
LS PSR HE DA R N B 1 I, BT B 1 DU B v, FERDRR S I S, BHBR S TR ERE 2R T
B, LR THREFERKIINI, e SERmyTi. 2O, KA B HIR, B Hl X &R
fHER R, A JORE B PR, AT ) 2 T A PO A P 2 A L PR AIR, RZ MRSl N5, 3R &0 T
RIMMMRL, W5 . EEAITT R b, 2R AIRER, BT TR 7e B M X2 3] J7 [H A
[, SiC FIURE (145493 LU B — , JRUAE SR THTRE RS 52 9 4, AELIR) By AR TGV A 20 BT SiCRORE 1) 2% 2845 47 T X
R B, SiC BRI B A B Z, TR BE 0% B 0 B H 3 A1 SiC BURL R 45475 000, DR AR AF
Fuide 2w g 7 ST N T, anlE 2 From. BEHEI T ECR A b W A R B & WA A I 45 R BE
BET) R, BEHIIN TS WE 3 s, B HE I AR B e I P IS e L 25 B R I B S Rk it B 1K
WS 7 s,

V

t‘s/ Tool
Balancing — 6mm JTTT][[]]T]
element Tongs ‘\\\\\\\Vvoﬂqﬁece
Measuring Z}'
cell . y
Chassis base
—

Figure 2. Processing diagram
2. ML REE
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Carver S600A « ym White light Interferometer

Figure 3. Test equipment and site settings

3. AR ERIARE

Table 7. Grinding process parameters table

F7. BHIIZS85%

Grinding speed/(m/s) Work speed/(mm/min) Grinding depth/um

4.7, 6.2, 7.6~ 94 50. 100 150. 200 3. 6. 9. 12

R 1) 4 T L AR 56 A2 L 9 6 TS ZEISS Gemini 300 SEM i R BIAHSE A 107720, I LA/ #r
RN FBGRPATE N, R R B MR T SRS B2 (0 20 B S 9T, W0 D6 v FROREL A B R B Ty =
I BEALE BB B R T b =08, BOHDRS B B 1 P 318, AR 9 LR TIRRE R, ) FH o IR 38 7 7 B
PSRRI B R PR T R THDREL RS KL JEE T S

4. BRI 5VHL
4.1. SiC PRI BT Y B34

SiCp/Al AP EHHOU 2 B RE 32 1] SiC BURL 5 BERL AR A7 B IR0, JufiiRE SiCp/Al R & FBHE
TR FE AR LB, BEAT TAFRIVIEIREE T B L B 0 1 08, ZGO0 RS 1) SiC UKL i
TR 4 fror, B5 A ERoR TAR I R RSB R 1 SiC BURLAL T B RLAS R U %4 T AR ELAR A
B, TR SiC URLIE T BE AR, ARECT AL SRR N T 5 B R R AN 5] (R i B 2 AR AN
MR AARAS, T AR R E BRI, 30 TR e Bk 2R A

SR

Abrasive path SiC particles ~ Abrasive particle

Figure 4. Location diagram of abrasive particles and particles
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Figure 5. Trajectory of abrasive particles

5. EERIANIEE

B s Hidricoh “—” MBS R RN NEBERERRETE 3 um FERPEE, SO, B0RD 1. 0K 2. 5
KL 5 fEBERLZEN AR b, ] 6(a) NEERIVIEIE MR TESE, MWEIREEBHEEH, A SiC kA T
RIIEPE 2B, EBRDIAIE RS, SiC BRI A& S B 01EH 222, EMAEN AL E R, SiC ROk & 4T
R, ERERI/NIST. B 6(b) A B RFRIEMDIBIRE T bl 5ikm e, 4
PSR R 25 BRI AR 1K) Von mises B )40, MEERL 5l Al BT SiC FOki/E FHES, UIHI AL S 44T
1R D # B /N T SIC IIER ), 015, SiC BURLIIBE HIl 77 /2 Al JRARTY 5~7 £, (BSR4 SiC M
Fift, T SiC WUk RS LR Sy S B B X T AL R R, 7E SiC Pk S Al &0k A A& AR N SR
%, BRI iRaE s K, MRS SiC KA, DIHIJABNE(E, HE SiC FOkL P #8183
HomfE, SEURE SIC BRIMRMIN, 4 SiC KAEMREE BRI SiC FUkint, PIH ) 2m FRE. 5
LT 2L FR 1) BRI 3 S P 82 3 B0 SN ] 6(b)H Ay By C. D Fims

(a) a,= 3 pm

2BF_F Partial 5

20 F

Grinding force/N

0 Ll
0.000 0.005 0.010 0.015 0.020 0.025

Time/s

(b) ki 5 LERLFE

Figure 6. Surface morphology and removal phenomenon
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SKEREEHIERE S, T SiC UKL A BENLE LR AR BERL I S MR, Rese BE IR BL, M7 1022
PRI S AE—EVE NS, (ERTTIREVIHI Al A2 SiC BRI A #/NTikm 7y, s 7 pros,
PR R A 2225 1) S e BRI F OSBRI B VR R 70, F, sk Br B BT I YT 77

0.2

o - R A A aiens .
5 VU 10 il 20 2 30
|

-0.2

0.4

-0.6

-0.8:

7] [s]

1 1 = -1224e0 Hilh=-1293e0 Hih=-1144e0 BYr=-8491e0

1 e 1 TH)=3261e-3 #iyl=-8064e-3 Jick=9175e-3 BYr=2262e-3

Figure 7. Change of grinding force
B 7. BHIDMEL

K s bRicoy “ 7 IMEARSEOR NERIDIEIREAE 6 nm BRI PR, BRI, £ SiC BTk 1~10
o, WERL 7 A2 5V0H], BE BRI IR RS N3] 9 pm i, B0k 7 25 7 UM, BEEERDIAR 3 pm
FEINE] 6 pm i, SiC HURIAAEWRIIRIGZ, IF AR L TR 2585, RS UK A 4 5 R
HOR, BERIYIEIRIE S I 8(a)fs. &5 tbrich “ =" BMIBELERRABRIIFIREAE 9 pm 1L
DIRIBNE R, P 8(b) SR T AEBERIUTHIARREDY 9 pm NSRS, AECTUIHIARE 3 um A1 6 pm R THTE
Pty AE 9 pum T S IR AL TE 2 8RR, /N RS BRLRAR R RIMIE, RRST R A2 2R S B 1S K

(a) a, =6 pm

(b) a,=9 pm

Figure 8. Surface topography of abrasive cutting

8. EERIYIHIRER SR

FEREAE SiC MUK T B840 (0 EA%, BURIAOS 0T 2R A THAS, il 9, 0K 1 4E 9 um N A%
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PRBORLIRY, JF A Tk B IR RRE, A ORI D) I A 00K 1 R EBIN, AR T RS IA I HRURLE & R 5
PR TR, 110 B RRRE 5 BEAE AU I GR L AR IN R B 0224k, 4 s 2K B 05 3t R
PR OIRE , IR EA REREUN . TR, BRI RN 5 A AR AN R B A %,

HR SN AL FAR 5 SiC & i AL, B SiC BUTHITRBERIHE R, HoR 52 1 38 th il 2 1K .
2 5ERITIBIE SiC BIRirh,  SiC Bk % Br )7 sSUB IR AR sE M A, Qifivks 3, EBERIVIER 6 um TR
Wy, FERERIVIER 9 pm FACCEEEVELRER, TIREHE BERUTHIAZ MR, 5 2 AT RAT BTk
10 A1 B AR RN e A D it hc il o DA B AR BT, RSB SiC ROk 25 Bk 75 2GRl 44 D) IR P 14
BER T R URG 5 B, (B2 3 SiC BURIAE Al ZER A BUIRZS Ismi, R AR 2Bk, BORRGT Sic
Rk BT AW R, BB B D HIR L I R S A R AU A

S, Mises

(Avg: 75%)
+1.548e+03

+6.913e+02
+6.148e+02
+5‘384e+0§
4 61940

S, Mises
(Avg: 75%)

+1.574e+03
+1.443e+03
+1.312e+03
+5.5562402 Tioeistes
+8.714e+02 +9.199e+02

42310 .
- Rs el

(a) a,= 6 pm

S, Mises
(Avg: 75%)
+1.204e+03
+1.104e+03
+1.003e+03
+9.032e+02
+8.030e+02
+7.028e+02

S, Mises

(Avg: 75%)
+4.948e+03
+4.536e+03
+4.124e+03
+3.712e+03
+3.299e+03
+2.887e+03
+2.475e+03

(Avg: 75%)
+1.112e+03
+1.019e+03

g
+1.361e+03
+1.248e+03
+1.134e+03
+1.021e+03
+9.081e+02
+7.950e+02
+6.819e+02
+5.688e+02

1 +4.556e+02
+3.425e+02

(b) a,=9 um

Figure 9. Debonding process of particle 1
B 9. BRI 1 Bikbd 2
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g7 5%)
+2.654e+03
+2.433e+03

+2. 213e+03
992

S, Mises

(Avg: 75%)
+1.559e+03
+1.429e+03
+1 300e+03

S, Mises
(Avg: 75%)

.876e+03
.589e+03
30 le+03
, D%

(Avg: 75%)
+2.413e+03
+2.212e+03
+2.011e403
+1. 8103+03
+1. 609e+

+1.951e+03
+1.790e+03
+1.628e+03

03

S, Mises

(Avg: 75%)
+1.085e+03
+9.949e+02
+9 O47e+02

€S
251g: & 5%)

+1.259e+03
+1.154e+03
+1.049e+03
+9.447e+02
+8.401e+Q2

(Avg: 75%)
+1.528e+03
+1.401e+03
+1,273e+03
&1.146e+03
+1. 019e+03

(b) a, =9 um

Figure 10. Fracture process of particle 5

& 10. FiAL 5 #ZidiE

4.2. BHIMIRETEY ST

N T HEIMEMI T SiCp/Al B P RHENIE RS, A AT OO TR #EAT = 48K
&, W 1L . B 1T 20 o e DU 2B MITR LT (0 TAFROR TS, W] LA A7 B B IR
PRGN, PR A Rl S O v IR A A S A e, S O T £ v IR ORARFALE AR T/ B TR P T 4
SO, ERITT N C 2 T 1 RELRS P2t K

V] 12 () S s BES AR FEE O B 1) 77 T RELKE P2 PO R M R, AR 1] o e A A U T R, B IR FE H 3 pm
FEINEN 12 pm I, IR ARSI R R, 3 BRI R R G s HIN DR A,
F R0 B IR PG O, R AT IR, b4, AMBMOW B R OR AR T SR P R eI O, AHRLIE AR A FE A 2R 1
ATUAEERE R, i SiCp/Al &R BN SiC BURIIETE 5 BRAIG K, SiC BRI USRS TR 1 W ims:
AT 325 B BB R R N, (A5 A IR R R ARLAE — 2 I A R 3G n, el ) 12(b) T AR Y B S E
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1 4.7 m/s $EKF] 9.4 m/s I, PR 4 T RELREE P22 002 25 P AR, I UHIR TS b2 5 b AT B ML AR A BRSO I 22
—J7H, WARE PRI R R S R, SRR BRI L R AR D, S TR R . U,
PR KL I T AF AR () AR HE, S S50 1 X P 7 A (R AR AE D 8 P ) PN vl ARk, BRI
ST, EERNREERAT, MITERmETFE, s PORIHREE, hiE 120 BEL, HT
PHESEIER, SiCp/Al BRI TR RS RERE 2 85K, XA T SiC Bk i B U B2, SiC
PR B RE . RS OUIE 2, I TIRENASALR, R MRLRE S th K h T4 oK.

-50 5.0
-0.0 -0.0
-5.0 -5.0
-10.0 -10.0
-12.0 -12.0
(a) @, =3 pm (b) @, =6 um
- 13.0 130
10.0 10.0
- 5.0 510!
-0.0 -0.0
-5.0 -5.0
-10.0 -10.0
-12.0 -12.0
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Figure 11. Surface topography of grinding
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Figure 12. Variation trend of surface roughness parallel to grinding direction
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Figure 13. Variation trend of surface roughness in vertical grinding direction
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Figure 14. SEM topography of grinding surface
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