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Table 1 Parameters of C/SiC composites

S8 {8
YL/ (kg/m®) 1760
LY H A% /pm 7
LR Yk ) A PO B/ GPa 15
LR Yk B DI B/ GPa 7
SICH:AA LA t/GPa 3.5
SICHARS LR/ MPa 70

e {H
LFLEHTNIRE/GPa 3.5
LTI 1) 1 AR /G Pa 230

LYY\ B VIR B/ GPa 27
SICHEAARE/ (kg/m’) 1200
SICHEAMAIARA L 0.17

SiICEAARAT 5 E/MPa 150
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Fig.1 Sample preparation process and physical images of samples
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Fig.3 Schematic diagram of overall structure of experimental apparatus and indenter angle
parameters
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Fig.4 Scratching force curves under different scratching methods
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Fig.5 Average scratching force under different scratching methods
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Fig.6 Surface morphology of samples with parallel fiber orientation under CS process
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Fig.7 Surface morphology of samples with parallel fiber orientation under LAS process
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Fig.9 Schematic diagram of material removal

mechanism in parallel fiber orientation
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Fig.8 Surface morphology of samples with parallel fiber orientation under L-UHS process
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Fig.10 Surface morphology of samples with inclined fiber orientation under CS process
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Fig.11 Surface morphology of samples with inclined fiber orientation under LAS process
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Fig.12 Surface morphology of samples with inclined fiber orientation under L-UHS process
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Fig.14 Surface morphology of samples with perpendicular fiber orientation under CS process
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Fig.15 Surface morphology of samples with perpendicular fiber orientation under LAS process
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Fig.16 Surface morphology of samples with perpendicular fiber orientation under L-UHS process

3 4ig

(1) X AN [RIZF 47 ) R 2R
FH CS F1 LAS T2 i b4 ) 2 1 T 5
AT LA SO B E H REREAR DI 1)
Fk w20 %) 775 % LAS 5 L-UHS
T AR UEM, FEEAIREHT,
P Z080 1A BT R R AR g
BT RSN

(2) 3 3R 56 %F e €S| LAS Fl
L-UHS T2, 455838, LAS Fl L-UHS
REdE R C/SIC B &M RUm T 1ERe, A
A5 R A L 2R T R B 7 4 . L-UHS
T BRI G  BE SN 55, b
AR IR G ek />, S PR 2 T T 4 W
S LY A SRR R A B > T
LAS fi1CS T.Z5,

(3)FEAT I AT 2R}, CS
T2 bR e G 32 B L 21 425 il D
Z4k 3, LAS Fl L-UHS bl 3%
FEZLLZ W2 R 325 AEMR T 1a)
b7 54 30 N N 1 2 T S N
X, A 2T 2 = 27 BT 1) 7, £ 4k
LB 24y e, SN AF 4 3= 2
DI R Oy X B s AR L 1 Z)
RIEF, CS Fl LAS H 25 4 3 2L W )y
AN MWL, L-UHS Hef el s

22 WisshiEEEA - 202545 568 S 1910]

Sk TEST I TRYI LTRSS AR ey S

& & 3 #k

(1] EBEF, #h3k, B% T CSiICE &
FPBHR fHoR SR BRI, 274652 4 61
2023, 40(1): 115-119.

WANG Qiuye, HAN Lin, ZHAO
Hanyu. Fabrication and application of C/SiC
composites[J]. Fiber Composites, 2023, 40(1):
115-119.

[2] ORHkIk, 5K, MR, C/SICH % XE
A PPRMIETE 5 R BUIRT]. kH4R, 2023,
37(16): 70-79.

GUAN Hongda, ZHANG Tao, HE Xinbo.
Current status of the research and applications of
C/SiC ceramic matrix composites[J]. Materials
Reports, 2023, 37(16): 70-79.

[3] SRR, 45 IE, Wi sy, &5 ELeT
2 8 i Pl s R 5 MR 5T 5 0 R[],
W24, 2023, 44(2): 195-207.

ZHANG Junmin, CAI Feiyan, JIN Xihai,
et al. Progress in research and application of
continuous fiber reinforced ceramic matrix
composites[J]. Journal of Ceramics, 2023, 44(2):
195-207.

[4] WFHER, BIEE, GRS R E
B PIRE A B S5 BRG] s
h 112547, 2024, 39(9): 223-233.

ZENG Qinghua, CHEN Xuanwu, ZENG
Qi, et al. Application and technical analysis of
ceramic composite combustor liner[J]. Journal
of Aerospace Power, 2024, 39(9): 223-233.

Ly

il

17 EHFRAMBERIESTREE

Fig.17 Schematic diagram of material

removal mechanism in perpendicular fiber
orientation

[51 #E, BBy, e e, 45 Mg
BRI 2 K ML A L B
TR [D). HEdEHE AR, 2022, 43(2): 113-131.

DU Kun, CHEN Qihao, MENG Xianlong,
et al. Advancement in application and thermal
analysis of ceramic matrix composites in
aeroengine hot components[J]. Journal of
Propulsion Technology, 2022, 43(2): 113-131.

[6] 2L, BT s Vb IiL. 8 o I P e 4 42
A REH H o5 S R E)]. i AR A Kbt
Kt 2022, 51(10): 55-57.

PAN Zhen, ALATENG Shaga. Preparation
and properties of ultra-high temperature ceramic
matrix composites[J]. Papermaking Equipment &
Materials, 2022, 51(10): 55-57.

[71 RAYAT M S, GILL S S, SINGH
R, et al. Fabrication and machining of ceramic
composites— A review on current scenario[J].
Materials and Manufacturing Processes, 2017,
32(13): 1451-1474.

[8] HU N S, ZHANG L C. Some
observations in grinding unidirectional carbon
fibre-reinforced plastics[J]. Journal of Materials
Processing Technology, 2004, 152(3): 333-338.

[9] TAWAKOLI T, AZARHOUSHANG B.
Intermittent grinding of ceramic matrix composites
(CMCs) utilizing a developed segmented wheel[J].
International Journal of Machine Tools and
Manufacture, 2011, 51(2): 112-119.

[10] ZHANG M H, SHAN C W, XIA
Z W, et al. Scratch-induced surface formation
mechanism in C/SiC composites[J]. International
Journal of Mechanical Sciences, 2024, 265:
108885.

[11] LIUY X, WUH X, ZHANGHY, et



o DL
L
FEATURE "

al. Effects of the deflection angle of the indenter
on the material removal and damage evolution
of fused silica during scratching[J]. Journal of
Manufacturing Processes, 2024, 119: 109-117.

[12] LIY C, GE X, WANG H, et al. Study
of material removal mechanisms in grinding
of C/SiC composites via single-abrasive scratch
tests[J]. Ceramics International, 2019, 45(4):
4729-4738.

[13] 4L, BRI, PFaEl, 4. C/SiC
5GP RHBOE R 5 G TR Bl
B v A S 0] ALK TR 24, 2024,
60(9): 189-205.

LI Jicheng, CHEN Guangjun, XU Jinkai,
et al. Study on material damage mechanism and
surface quality of C/SiC composites by laser-
ultrasonic hybrid micromachining[J]. Journal of
Mechanical Engineering, 2024, 60(9): 189-205.

[14] RARIL, FE0TIE, 451K, 4%, C/C-SiC
FEIAT o KOS R B AT A T ).
FHA, 2024, 53(4): 162-174.

WU Dongjiang, CAI Xintong, LI Zheng,
et al. C;/C-SiC ablative behavior and feasibility

of laser assisted ultrasonic grinding[J]. Surface
Technology, 2024, 53(4): 162—174.

[15] WANG C G, CHEN J, ZHANG X
X, et al. Effects of ultrasonic vibration assisted
milling with laser ablation pretreatment on fatigue
performance and machining efficiency of SiCy/SiC
composites[J]. Journal of the European Ceramic
Society, 2023, 43(14): 5925-5939.

[16] CHEN X H, SUN Z G, SUN J F,
et al. Simulation of degraded properties of 2D
plain woven C/SiC composites under preloading
oxidation atmosphere[J]. Applied Composite
Materials, 2017, 24(6): 1287-1307.

[17] YANG Y, XU F, GAO X Y, et al.
Impact resistance of 2D plain-woven C/SiC
composites at high temperature[J]. Materials &
Design, 2016, 90: 635-641.

[18] YE ZY, WANG Y L, XIONG X,
et al. Microstructure, interfacial and mechanical
properties of SiC interphase modified C/C-SiC
composites prepared by reactive melt infiltration[J].
Journal of the European Ceramic Society, 2024,
44(15): 116785.

[19] BERGS T, GANSER P, FRUH D,
et al. Investigation of cutting mechanisms in the
machining of ceramic matrix composites (CMCs)
[J]. Procedia CIRP, 2021, 101: 330-333.

[20] GAVALDA DIAZ O, AXINTE D A.
Towards understanding the cutting and fracture
mechanism in Ceramic Matrix Composites[J].
International Journal of Machine Tools and
Manufacture, 2017, 118: 12-25.

[21] ZHAICT,XUJK, HOU Y G, et al.
Effect of fiber orientation on surface characteristics
of C/SiC composites by laser-assisted
machining[J]. Ceramics International, 2022, 48(5):
6402—-6413.

[22] LIN H, ZHOU M. Fracture
mechanism of ultrasound-assisted scratching
2D-SiC;/SiC composite fibers with different fiber
orientations[J]. Journal of Materials Research and
Technology, 2024, 30: 9048-9060.

BEMEE  EAER, WL, PR, 85807 ]
IR RO A il

Research on Surface Damage Characteristics of C/SiC Composites Under
Laser-Ultrasonic Hybrid Scratching

XU Jinkai"?, HUANG Junhan"’, WANG Jiaqi"’, YU Zhanjiang"*, LI Ying'
(1. Ministry of Education Key Laboratory for Cross-Scale Micro and Nano Manufacturing,

Changchun University of Science and Technology, Changchun 130022, China;

2. College of Mechanical and Electronic Engineering, Changchun University of Science and Technology,

[ABSTRACT]

Changchun 130022, China)

As a typical ceramic matrix composite (CMC), carbon fiber-reinforced silicon carbide matrix composites

(C/SiC) exhibit outstanding properties, including high specific strength, high specific stiffness, and high-temperature
resistance, making them widely applicable in aviation, aerospace, automotive, and other advanced engineering fields. To
investigate the surface damage forms of C/SiC composites under different energy fields, this study conducted conventional
scratching (CS), laser-assisted scratching (LAS), and laser-ultrasonic hybrid scratching (L-UHS) on three typical fiber
orientations. The scratching forces and surface morphologies under these three scratching methods were systematically
compared to analyze the influence of laser-ultrasonic hybrid energy fields on surface damage of the material. The results
show that, compared with CS and LAS, L-UHS can effectively reduce scratching forces and improve machinability. L-UHS
demonstrates distinct fracture mode transitions across different fiber orientations: In the parallel orientation, fiber bending
fracture is significantly reduced, and the primary failure mode is interlaminar fracture; In the inclined and perpendicular
orientations, the fiber failure mode transitions from bending fracture to shear fracture. This study provides theoretical
guidance for laser-ultrasonic hybrid machining of C/SiC composites.
Keywords: C/SiC composites; Material removal; Surface damage; Laser-ultrasonic hybrid scratching (L-UHS)
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