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Abstract

Particle-reinforced metal matrix composites have been widely used in aerospace, precision elec-
tronics, and other fields due to their excellent comprehensive performance. SiCp/Al, as a typical
composite material, is particularly important to further enhance its physical properties and ma-
chinability, and cryogenic-assisted machining technology has been proven to have significant po-
tential research possibilities in the field of metal cutting. In this paper, a series of tensile and tor-
sion tests at different temperatures and strain rates were carried out for 20% volume fraction

ESH: RA, HYER, BT Sicp/Al BRI 07 FOBER M K SRR BT D] S 07 K, 2024, 13(3):
2177-2188. DOI: 10.12677/m0s.2024.133200


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2024.133200
https://doi.org/10.12677/mos.2024.133200
https://www.hanspub.org/

SiCp/Al composites, and the cryogenic intrinsic relationship model and fracture criterion model of
the material were established based on the Johnson Cook theory, and the equivalent slope work-
piece cutting simulation model was established in Abaqus software according to the characteris-
tics of side milling machining. By comparing the simulated milling force with the experimentally
measured milling force data of cryogenic milling processing, the validity of the established model
is verified, and finally, the stress field and temperature field of the cryogenic milling process are
analyzed by using the established finite element simulation model.

Keywords

SiCp/Al Composite, Cryogenic, Johnson Cook Model, Finite Element Analysis

Copyright © 2024 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. 518
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BZ RN SR1fT, BT SIC ROk 555 G &2 = I RHRE I R &6 T 2R G, (15 2 &M EHEAE
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2.1 iIaty
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TFRE SiCp/Al E AW RHETRETEE-196°C. —100°C A1 20°C T e Sk, UL 0.001 s t.
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0.005s™*. 0.01 s 0.1 s AFMAREM TR A MR, SR ERPIGEER N 5 mm, brEEE
K 30 mme 1 AR G AR R N ) Al BV L, 2EAT AE 196 C R T i A 1 HER SRR R
BRI R =2, R=3 5 R=9 i, & LHEMAKN6mmM, & XKEHN 69mm, LUK EEHE
R, W2 EARN 6 mm, 4 SCKRE 35 mm, CATRIEEGZ RINA S, HHSHES =R, HIR
PRI I WA 2 frs.

Table 1. Main chemical compositions of SiCp/2024 Al (wt%)
% 1. SiCp/2024 Al EEMRIMEENZR S (RENH, %)

SiC Mg Si Ti Fe Cu Al
195 1.25 0.22 <0.03 0.08 3.36 Bal.

il

A

EMT= 5006V  SignalA=SE2  Date: 15Mar2023 SR
i

WD = 7.8 mm Mag= 500X Time: 15:16:20

Figure 1. SEM of surface morphology of SiCp/2024Al material
1. SiCp/2024 Al # R TR E 5 E 1%

Table 2. Mechanical and physical properties of SiCp/2024 Al (T4)
Fz 2. SiCp/2024 Al E &M RIBIH AR BE(TS )

-~ - . L s LRIZAK R
y BR . 3 NGy 7Y ] = N
PriisRE/MPa JE R GEEE/MPa # E/g-cm WRALL PR E/GPa WmiK!  (20C~100C) 10K
560 370 2.84 0.38 105 178 1.51

3. Johnson Cook & #Y3E ~7
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Figure 2. Cryogenic tensile testing equipment
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Figure 3. Comparison of SiCp/Al true stresses with predicted values at different temperatures
3. FRIRET SiCp/Al ELR S5 FUMMEXTEE

3.2. Johnson Cook B S & m)#EEY
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Figure 4. Side milling converted to 2D orthogonal cutting
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Figure 5. Equivalent slope cutting modeling
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Figure 6. Finite element cutting model of equivalent slope workpiece

B 6. FHRETHARTIIHRE

KR I BET] )Rk F WG PCD #RL R EAT il S B . ISR IR ae, £R
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Table 3. Mechanical and physical properties of PCD
= 3. TIEMRIAIR T EE

BR em3 NP A o - i L e/ ka Lkl H B Ll éﬁﬂ%ﬂﬁ%\ﬁ
2 E/g-cm EL/NEA PP R/GPa  EERAEN kg KT G R/W-mTK (20C~1001C)/10 K *
4.25 0.07 1147 2100 4

Ry kIS, TIRS TR CPEART fEUMIKS oM, WEIRE - ARG T, ZRIRE
R — R DU 5T NARGEEAR 2 BT, IF H BN TWisizml. A RcEIHIRInE %, K508
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O HYIAISZE RNy, TIRRM S TAR AR, TN SRR Ak, PIsoE A AR
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Figure 7. Equivalent slope workpiece finite element model meshing
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WAL B RER T, 207 TSRS IEEAR, bR oo It e 4 R HE 26 i 0 10 5 T s i
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FH U S 2 AN [ 3 TR R PR A 5L 5 AR AR B AR JR A OG, T SiCp/AL A MR
5, HERIEASAREAR SR 2024A1, FIA LS FHSCER T 2024 456 SRR SO R EA T E
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Table 4. Cryogenic milling experimental processing parameters
4 BRESHIZEMISH

LI vo/m-min~t VI ag/mm Hh i DIV a/mm U f/mm-z !
150 0.2 3 0.01/0.02/0.03/0.04/0.05
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Figure 8. Liquid nitrogen assisted cooling cryogenic milling processing site
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Figure 9. Milling force measurement results of cryogenic machining experiment

9. BIRIEMITSER BRI MELER

RN R f, = 0.05 mm/z I, 5 AR B K JE R hoae = 10 pm, FETJENIfA BB ES % 5, H
SCRFTEAE RN BEHI IBAUEE, £ ABAQUS Hh Z: il FL Bt I (] A2 A i 2k 45 SR &) 10 Fras, W7 DA 31,
YRR ORI RO — AN T T VT AT R, BeE] 0 B (AR AT AL, R s S 2 Excel
Ja s AL AR K BB AR 07 BRI R R, M, Fx=4.12N, Fy=2.24N.

FIFERIALEE T 2, FRAS AL B 8 5 0 AR EUE R, B il ir SIS Bt a5 ), *F
ean &l 11 fros, K & 2 A A5 RABEAT X EERT DAL, 07 FORSE 7R e % v bt o (UG U m B 1 7 34T A
L, PA b2 BAIE B T AR SCHE T 404 19 B IR Johnson Cook #5524 fifr 42 37 f 46 250 3 D7) i m T AR 2 (1
A RAE

DOI: 10.12677/mos.2024.133200 2185 A ()


https://doi.org/10.12677/mos.2024.133200

Ny ' ln ‘n f"l | M’ W.W»m\mhf Ul '”

0. ' 20. 40. 60.
B Rl/s
Figure 10. Finite element cutting model simulation milling force results
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Figure 11. Comparison of simulated and experimental milling forces at different f,
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Figure 12. Stress field analysis of cryogenic milling process
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Figure 13. Temperature field analysis of cryogenic milling process (Unit: K)
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