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Fig.1 Schematic diagram of ultrasonic vibration machining system
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Table 1 Ultrasonic vibration handle parameters

i n/(r- min™)

25000

PRI £ /kHz

23~28

PRIF 4/ pm

0~8.5
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Fig.2 Brazed casing drill of defined grain distribution
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Fig.3 SiC/SiC ceramic matrix composites
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Table 2 Processing parameter

ek n/ | DEEAEREE v/ | IRENER | HRIE
(r-min") | (mm- min") = fkHz | A/pm

8000 15 26.6 5.5
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Fig.4 Relationship between hole size and the number of holes in brazed casing drill of

defined grain distribution with length 3mm/8 column
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Fig.5 Relationship between hole size and the number of holes in brazed casing drill of

defined grain distribution with length 7mm/13 column
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Fig.6 Relationship between the average hole size and the number of holes in two

different tools
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Fig.7 Wear surface morphology of the end grains
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Fig.8 Wear surface morphology of the side grains

JIR, PRI &y 7 A B A, HES B0
K FEL DM £ TR
r R B 1Y) 2 A R B I AL
BEDRIEALAR RO KRG B, Tz iy
FE I 18/, DR a0 S BT (1) B 453 A
LU T T i TR A BB B/, T
PUE R BFET- &, HERE S U
P T Hom i Asm A kL, T 1
FL A i B R R LA N T 2
RST, FEOL 5 FLEE ] LA /D R 452
B S) ) 7 S RREcE SN = P
AT, T EE R HEAT AR — N e
KA, BIFE T E AR, T HA 5
B BRIV, 4 2 S L BRE A S N T
3 itie

i R 20 B AL T R
oA T HEA BT R A NILA RS Y
ity T R A R P TR AE F T 77 A il
RS, TR v =44,
A 585.2mm/s, it K FHEAHE v,
(0.25mm/s ), it , T Eliiy 11 &by 5
A LG ] R A5 H AR R 1“4 o —
BT AER L, IE 9 FiR, MEERLS
T A b s, PR 30 A B R LG 2 1
7 A R R AR L A SiCy/SiC By
BRE GBI A MERNE, B ) T
R AERE L BR s YRS T A4

50 RiMIEEA - 20184E o1& 2110

s, LI 3 At A B 1) T 00 U1
WA P A L) 4 B bR AL
sl B DR 7] 7S 3 2 T L i v S ]
T B AL DT I RE D T AL g 1Y
CIREUREE Y NP RN i) hib)
e m T TR AR, 0
fLER .

A ¥ HEAT ETAR S W40 R

i T PR AL

W ERAEIR SN 2R AF T 5 T AL
BEQL TIESEHPIRAS , A&l 10 Bz
JEARL A IR B ARSI R T IR L,
{ERHAR B KLz Sl B Y 55t T Bl
DB W, AR T AL DR 15
— B R LN TR 5 T L RE
TFI P A , Dol N o T A PP A L
DA R 1 PR A0, By 1 FLI R I
S REPRE 2.

Zig

(1) RHA T HEA IR 2N A
EORLER 1 68 75 IR S Al BB kT
A 0N 4 WA T B T 2
Tad R T BB, T B A 3K R
THETHI B AT K 360mm,

(2) 7y B R HE A S 502 52
LM TR RS EE Je J) BLAd A i
EER R, T HM 0 R HEAR K,
KGR Z , fn T LI FLAR AR Al /)N 5
T Homs i Bk 2, T B F A ik
Ko MHETEKE 3mm/8 7 ER4h,
K 7mm/13 FIE R I T 75 nl
FEE 50%, FEIN TR € X, FH LR
2E/NF 11 wm,

(3) T T HEME, By HeA

B9 SHEERIE T
Fig.9 Trajectory of the end grain

DR

L E S

=,
SUHTH B

BE10 ihERGEFN T
Fig.10 Trajectory of the side grain



Ultrasonic Machining ﬁﬁm:[:

BT R WA 2 s Ay i T S P S 461
FEAE D 72 WA 458 A 7% Sk 5 s
VB 1 S 8 AR 1T 5 e R A e Al i
T A RE A G . 24k 0.5mm i,
JEE 7 R B ARRAIE DL 22 WL R Ol s 24
FEES A 3mm I, RS R iE DS
Fer-6 o8 3, IR REA Tl e s 4R
B8 6.5mm B, AR L JCEE I

& % X #t

[1] MADAR R. Materials science:
silicon carbide in contention[J]. Nature, 2004,
430(7003): 974-975.

[2] NASLAIN R. Design, preparation and
properties of non—oxide CMCs for application
in engines and nuclear reactors: an overview[J].
Composites Science and Technology, 2004,
64(2): 155-170.

[3] KRENKEL W. Handbook of ceramic
composites[M]. New York: Springer-verlag,
2005.

[4] FUJIHARAK, OHSHIBAK,
KOMATSU T, et al. Precision surface grinding
characteristics of ceramic matrix composites and
structural ceramics with electrolytic in—process
dressing[J]. Machining Science and Technology,
1997, 1(1): 81-94.

(51 TEL, M, 5, 45 CSiC &
B EHLZURT B ) 50 3R T BT 2
[7]. PP A , 2013, 24(14): 1886-1890.

DING Kai, FU Yucan, SU Honghua, et al.
Effect of C/SiC composites material structure on
grinding forces and machined surface quality[J].
China Mechanical Engineering, 2013, 24(14):
1886-1890.

[6] DING K, FUY C, SU H H, et al.
Experimental studies on drilling tool load and
machining quality of C/SiC composites in rotary
ultrasonic machining[J]. Journal of Materials
Processing Technology, 2014, 214(12): 2900~
2907.

[71 FENG P F, WANG J J, ZHANG J F,
et al. Drilling induced tearing defects in rotary
ultrasonic machining of C/SiC composites[J].
Ceramics International, 2017, 43(1): 791-799.

[8] DING K, FUY C, SU H H, et
al. Study on surface/subsurface breakage
in ultrasonic assisted grinding of C/SiC
composites[J]. International Journal of Advanced
Manufacturing Technology, 2017, 91(9): 1-11.

[91] AZARHOUSHANG B, TAWAKOLI
T. Development of a novel ultrasonic unit for
grinding of ceramic matrix composites[J].
The International Journal of Advanced
Manufacturing Technology, 2011, 57(9): 945—

955.

[10] HOHE, sKIEFE , IRVUMG . ETHEER
AERLEBTEREDTTE (9] . AR M4l (A
SRBEEERR ), 2005, 33(3): 313-317.

HUANG Hui, ZHANG Guoqing, XU
Xipeng. Study on the wear of brazed diamond
grits[J]. Journal of Fuzhou University (Natural
Science), 2005, 33(3): 313-317.

(1] RILee, RIE, Bea, 55 518 S
W RHE CERP il fLATSE [J]. R AU 2 A
KRRZ224, 2012, 44(5): 747-753.

XU Jivhua, MU Juan, CHEN Yan, et al.
Analys is on CFRP hole making with brazed
diamond core drill[J]. Journal of Nanjing
University of Aeronautics & Astronautics, 2012,
44(5): 747-753.

[12] U, GRS, P, 55 . TR
Rl 73 £kl 464l ) CFRP 1AL ST [0]. 4
i3 5 L s HL TR L 2011, 31(2): 13-16.

HE Hu, SU Honghua, CHEN Yan, et
al. Researches of hole quality during drilling
of CFRP with brazed diamond core drill[J].
Diamond & Abrasives Engineering, 2011,
31(2): 13-16.

BAESE: SR, W B e,
FEI7 1) Y/ B T B N TR RS Rk
V) 7 BEE] 23R , E-mail: shh@nuaa.edu.cn,

Experimental Study on Ultrasonic Vibration Assisted Dry Drilling for SiC,/SiC

Ceramic Matrix Composites

CHEN Yurong, SU Honghua , FU Yucan, HE Jingyuan, ZHANG Wei

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

[ABSTRACT]

Nanjing 210016, China)

For the problem of the fast tool wear and low processing efficiency for SiCy/SiC ceramic matrix compos-

ites with dry drilling, an ultrasonic vibration assisted dry drilling processing method with the brazed drill of defined grain
distribution is proposed. The brazed diamond drill with different defined grain distribution parameters is used to drill the
SiC/SiC ceramic matrix composite with the ultrasonic vibration. By the measurement of the machining holes, the influence
law of the defined grain distribution parameters on the tool life and the size of the hole accuracy are studied, and the abra-
sive wear characteristics at different positions of the tool are analyzed. The results show that the longer service life with the
more grins in the tool end surface. The longer and the more number of columns abrasive grain layout of the tool side, the
smaller changes for the pore size of the holes. The nearer the abrasive distance to the end of the tool, the more serious the
abrasive wear is, and the main wear is the wear platform and the macro breakage. The farther the abrasive distance to the
end of the tool, the less wear of the abrasive is.

Keywords: Ultrasonic vibration; Brazed diamond casing drill; Ceramic matrix composites; Dry drilling; Abrasive wear
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