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Experimental Study on Material Removal in Milling of 2. 5D C/SiC Composites
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Tianjin 300387, China)

Abstract  To explore the material removal characteristics of 2. 5D C/SiC composite miling, end mills and fish—scale
mills were used to perform conventional milling(CM) and ultrasonic vibration—assisted milling(UAM) on 2. 5D C/SiC
composites. The changing laws of cutting force and cutting temperature under four milling conditions were analyzed , and
the removal characteristics of 0°, 90” and z—direction needle punched fibers were studied. The results show that, compared
with traditional end mill and CM, fish—scale mills and UAM can significantly reduce cutting force and cutting temperature ,
respectively. UAM can change the overall removal of fibers into broken removal and reduce surface defects. The combined
process of fish—scale mills and UAM can greatly reduce surface defects, cutting force and cutting temperature , improve
the surface quality of the workpiece, and provide feasibility for low—damage milling of 2. 5D C/SiC composites.
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Fig. 1 Schematic diagram of 2. 5D C /SiC composite workpiece
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Tab.1 2.5D C/SiC composite parameters
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Fig. 2 Structural diagram of traditional end mill (up) and

4 mm

scales mill (down)
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Tab.3 Milling experimental machining parameters

IR WIRZS JIE I
1 3 B ) ek il VI3 % 0.5 m/min

PR HE :0.01 mm/r

2 B IR sh i BB E| i 58 7] IR 0.4 mm
3 e fegsmeeyy PRIE:0.3 mm

et s . R 30 kHz
4 R S B e g4k ]

VI e 72 e an 1 3 (a) T, T4 38 3 44 )
Je HLAz B e Y J3 0 Sy A L, 3 5 (Kistler 9257A Y )
= Ja] R HL I F 4 (Kistler 5070 %) 767 0K #8 M2 A
N7 () BSCH SR B 5 Kb B 2R 49 A A ) o R v ST SR AR
AR T W B o, el FF, L F,, B
H UTHI 105 2R 45 5 DynoWare 8R40 B, 3% 22 R R
JIAE T Mg S X, 2 T A B e B B (R DT 0 S
X IE SRR T T 8T

I R 7R R A ) S U R DA e e T
S RECE I ToA e  RE A S R T2
A, K850 588 7 P PR sh A 2= 304k, B 3 (b) /s T8
P BN T B A s B, fESLR R, UTH
DX 14 I B R F 4 R R 1 .024x768 12.25/30 Hz 11
FE AT LL MG AL (VarioCAM HD head 880) 2,
2T A RAGAN Y 1 5 A6 V) 1) X381 T, R A A ER Bt )
EjRE R i X, I L5 B 2k 1 sh X Bk i 4
MR EELEI3(d) ]) .

SRR AR TIN TOKS 5 S 4t R A R TR S
ISR B A BE ) o K T T A AR R PR sk
Ve B AT KR YRR ER T A BT T8 SRS AT

— 112 —

IS
2 BREHW
2.1 YIEIA

&l 4 i R E R SERE G TS DL T |, fa st ) itk
HIMA R bR i LeAR st J) /M 22 | DA I £ 8556 T e
BT T AR AT SRR YD, 38 5 R A L B R AR
FRUTEI Y Ty 2 AR DT 3 A b A AR X e/

_ VI 77 1w
AN 20 TSN

N\

| N\ DI 7)
4 l 2 4 4 I ¥
I KA )
\ 24N\ \ I 51
A D > 035 000
R I\
890 % 6060680
090 % 000000
<§’o°o° ogoo 0000 00
o || (B (1| B
0069 2103 000000
Q009 5o 000000
08&, 9900 000400
B T 1)
(a) 5 ImHE]
DI 5 1)
I A -
P — 4 Vi 7]
v /
-
a ‘f’\‘{_,' | KA
\ Ji e
) {\ a\ i 5%
\ A (/\ zq%goo
Im’l::&)l’n\ A %00
03888 0999
0p 000 Oy
%2 ° 00%
°0509 20%0
0Q0%0 01904
95 090 0030
o 5gey

W44 751
(b) faigEEE ]
P 2 VAN & VARSI USE O Se S A7 s WA

Fig. 4 Diagram of the maximum undeformed chip thickness for

per tooth of traditional end mills and scales mill

SEEe T, B TR AR ) g F RN, 9T B
B S RS AN K, B DAAS SO gl e g o
T 5% T R P R 3l B R SR T (S R R A T EL
I 5 SR e 5 s .

W1 E R gt )] 5 gt ] Ul #e v
1) 7 F A I S e ) S R AR AR, {55 4R
AR AR R R BRI A T i 0 T) TR A 2R
2 SN iOBO N T AR M DARSE (5 ks WAK eI
AH A B R 5l , it 13- T BEHI I, B — I 2048
A — 8 FE WA Rl 5 AT VE AT BT D A 6
BEI1gEH R I E S i sh i K.

e 6 B, 24 AT ) —Fh 0 B 75 4R 3
)87 1| 3l S T 51| I e T2 5 WA A S 2V R 251

FHAE T L hip://www.yhclgy.com  20244F 45 434



TR

T g
L) f 'f"[{‘ fi

| e

w1

=20}
=30t

F N

20 25
t/s

AP RS BB
5 tn i)

=N

510 15 20 25 5 10 15 20 25 30
t/s t/s

K5 ARTHF AT E S ihk
Fig. 5 Radial milling force signal curves under different

machining conditions

v

160 [ 1. wsmen s e
bS] 2. R AN AR BE M) 5 6359 )
(5] 3. MBI 8517 )
1o} R 4 mRAIM G %)
54
2 [ K F, K,
= 3 ?‘3 ’
p‘i
Z:.:‘,
4 B4 §
Lo ff:: §
1234 1234
I T

K6 ANF O R FRLE EUEXT
Fig. 6 Numerical comparison of F, and F, under different

working conditions

Uiy B ) 5 3 B ) L R I Sl B B SR R R AR )
F Y1 7 F, 5 2448 53 51 B AR 61. 6% 1 54. 3%,
FHAE Tt 5k )53 SR, 8 iR Sl B gk ) 4%
PR AR 1 1 F A& 37. 6%, Y11 1 F 125 {f A
15. 24% . 342 FH T RE 7 4R 3l B A e 7 O P
i) i A iz 2y 5 71 s BORE R U s sh 25 5 R . 24
T3 L PR I 2 A A A T ) 7R R B ik B iR
BF, T RAE S SRS RIS 72T R 48 3
[ E R RS, JIH 5 TR W8, 88
fi, oK 7T B A e A R AR 32 B AR
(o g 3G I T AR S0 A AR R KB
FEAR T S BRMA BT B UTHI ) o 576 R —Fh e Al 5%
PFF B, 858 T RV EI 7 4 i W AR, 7E
BEEIZFAE T 6 T GeumBt ) i 5, i ) 42 ) )
F Yl J3 F 035948 53 5 B A 78. 26% F178. 07%
P 75 IR SN B BRI A5 T X AR S BE ) i &
FHAE T2 hip://www.yhelgy.com  20244F 45 431

s 8% J1 A% W) 1 F YD F R E YA 43 0 B AR
64. 63% F151. 49%. X2 B T i HE I i it Xt T
PEEAT DI, 45 0 55 145 A A RE 25 B it R 4t
Uit T /NS 2 A T AR AR 2 B DX IR R A A8 TR dik
N AT YD XS YT 7 o
2.2 YIHIRE

P& 7 5 7S £E DU RR R I 45 14 R S DT H I 72 AR
JEAR AR AR T 00T AR LA TR B2 3R 25 C.

FEE AT DUBH B AR DU A T Rl T 5L
HEZ BRI B N Z AT T SO B TR
H B AN T R, A AR R R T A UK 1Y
TR TS, B IR RG22, 2 ) HL K B
YT HE 25 oK v sl T8 U] b T, 35 B AR ) i A
Hh e R 1 B A, G PR ST 6 0 7E i T X3k 1 3
FA AL T H B PR A Bl ] AR ) R 4R

60
—— M BRI 5 B )
— B R BB g s Bt )
sok — SRl 359))
¥ — AR B BER Y ek L)
Il i e
& a0}

30t e

TR e

10 12 14 16 18
t/s

02 4 6 8
BT NI T B i e i 2

Fig. 7 Temperature curves during milling under different

working conditions
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