E{E"\H*jl"lﬂi PROCESSING FOR COMPOSITES

DEF% - B IRk £ 4E 2 S R
AP IE VST ST

=g PR

' BER

(1. AFTMTME R FHIMIAZZ A HILFE, LT 100191;
2. A FE T ARG EHE M T L EREL TARFZARATR PO, LT 100191)

[fE]

F 3R AF e B 3B TS R A A A CFRP ) An it £2 P 84 19 22, *F4 R G 2445 #% 3642 % 45 4] CFRP-T700

AESMARETTT AL AL, A5 71 R 2 4451k 09 38 m LA N 09 A8 Y i 48 N R £ 40453k 0938 m | 23
R WM HAE ke TARYL 5% 4548 B R 3l 4 B 5T AR Bl ) BRI 4E K 56.6% A= 39.1% , A 247 4] hn T4k 14 09 /=
A T ELT W A Fe 4R Z R 0 4 FAER | I8 X IS x b ) ) Fe AR 2R 69 L) AL k Am A BRE . BRI AR
F R, 3k AEAR B AL ) CFRP £ AR 0| h An i 48 7 @ A B KA
KR : Bk LT 3G R A MG I T AT AR B RS H ; AR B BT AL AR H) A s mdE m TR
DOI: 10.16080/j.issn1671-833x.2017.16.096

R

BF ELIHARESH, TEAR
FEAkEHE BEMI. 85 EKX
SGIEMI. E&FHmMI. geEmI).
EIZE. SEEMUMNIRITES. &%
WX 0OFRE, HP SCHERIEX 16 5.,
RN EBRER 22 0, RIFEFRPCT
1 IR,

B & I B: H 9731 & W
(2014CB046504 ) .

96 MiAHIEEA « 2017 43 16 1]

T £F 4 A S i 20 388 58 b1 L, 2
— R IR A BB A MLET 4R
21 Ak B 1) HE ) K, SRkl S AR
Ak A BT A5 380 A0 e A AR A L,
U PL 3 BE 2 S 2000~7000MPa, i
AL 24 4 200~700G Pa, %5 BE AL K
1.5~2.0g/cm’ , BAT B0 W I ik P
TRET A5 B 352 A #1 B Carbon
fiber reinforced plastics, CFRP )2
W REFEAR SRR EF AR A i AR,
A EL R R L AR e T A
Tiif 98¢ 25 . BELJE Vol R M 2 S A 3, FE AL
R VR LA TG BB TR 1L
TR A TR YT AR T
AR ARSI ) N H 28z N i
R FE R AL CFRP {4 G R 28
VR E BRI BRHL CFRP ik
3| 24%, K FES 4 F-22 “HHE” KL
CFRP #HEMi A E] T 35%, el
R HL “B K7 (EP2000 ) CFRP JH i
2174 40% .,

M, TCAHILRE C i W R A AL
PR 4 | P DL 32/ 42 1R
ZRiEHE 3 MBS T HLME R
F PO 95 M R A R I R A
e SO0, LODET PR S 10 3R
AL 22 2 Bk A 2 il 3 Tl v
g AN AR AR E S UEE D s W P =
B A BHL I T R AE i 2 R 4
SR EEXRHEEMWEM. BT
CFRP #1 B HY J2 (8] 45 & 5 BG4
] S B R S A 25 AR
P, FEHI LA A v 2 7 A B AT 4
Pt fLRE Sy 2550 T Ek G, ™ Y
i) 1 342 2 &5 A0 B i BEE R 57 75
P CFRP LN Tad B A e m
Pl e [l 50, ] P Ah 22 T T IR A
IS

2009 4, Rawat 2 P Bf 97 1 fig
44 1 BAEH CFRP IR 2R 30
=, &Ik B UIH 71 )5 T 1 S
i EEMBEBIE L, IR 1)



PROCESSING FOR COMPOSITES ﬁﬁﬁ*ﬂ"]ﬂi

HE 35 U1 HI ) S 3% T BT i 19 ¢
%, 2011 4E, Liu % "' %f CFRP %!
526 b R e i 6 7 A (B 4R B T
JEFE T AIAT AN ST, KI5 5 LA
HIAR L, 0 % e 7 A0 (B 9 30 T )
0 TR B 500 U R R A, R T A
A5 A ARG 0 L S L el D i TR B
2011 4F, B R P AR R0 i £ 42
Bl Sk RN AT R 4 NI A 2 RE Bl E AT X
L, A0 AT 1 I S EO0 A L Y
M, 38 A % LU A I 0 B 70 5 B i i
AR R A A i T CFRP,
2011 4F, Lazar 25 "V §F 58 7 4 i
IER K TN R R DY QTR g
CFRP, 58 R WA S8 L4l HI 7
FIVHL A A 3R 52 m, H T
FA A 0 5 L B /) A 3 BT B
BiE ) SRR, 2012 4, Cong
A VIR T A NI R R S
e B &G H] CFRP, AT T 848 1 in
TR [FAE, KRR 2= 5
WEGE A3 AT 1 RS B 3l Al L RN R A A
W R HLER, B2 R A3 00 SR B fn A
B SR ) B AR s v A
B DR LRI A g 20 1 ) R T
2014 4, Geng 25 ) X} @548 7 4
Wil 5 8 AR E] CFRP &S8R n
TR, K IRLTHE i 8 75 i TR A sk
AR AN ) 1 314 & J) B 4. 2016
4F, Ning %5 " 38 5 U1 356 4 1 %o
LU T A% GE Rl S ) L R R 7 i
SIEGH BN TR, 48 R
AT DL R R A DD E) ) R, 9T 3K
PR REAF R TR i 5 TS R,
TRCREB R,

M B 2 i e T 21
PLik K m T T2 89efe b, A XKl
BB AR O S AR S DT S5
TASHZ MR Z R
WALBESE . s CFRP Ayl L
o AR AL R v T
Hl B, A SRS Tié i 8 75 IR 3l 3R G0
HEUE G & WA ERE AL T2
o SR R B AR /N TR
TTER: IR B R B AR &

AT T CFRP HlFLiRES , H45 & A6
TR AT 45N T S H06 L A v
BE T AR R s . 25 R
. A LT B GE 0 4 WA B R
T, BEFE S PR s AN HI CFRP 78 MI%
Bl H) F RHLAE 4R R T
R RTE RN E N

¥8 75 1R 3h i FL AL TR
1 CFRP%hH| N TERBET AR E

CFRP LN Tk B, T4
I AR 5 B 2T A 348 it bR 1) g 2
AE2E 7 ELR, R BORHR S 2 far R ik
A VS EN Y S SN TSN YN eV TR
VRIS T2 BT i 55 SRR 2 Bk
YRR AT TR . ARG T2, 5
L) Z 1 5 W, vl 4ok 3 Fp
e SR RIBIAC T ) T
IR &) LK 4 T B A SR (T
RO mE 1R,

TERTHIR B, B Bk AW
L 1T, FH Sk AR B il e A8l 1 g 1)
CFRP JRJEAE/IN, &4 WA NI EE R
I, 55 r= R K A8, #E CFRP
JZA 5 R BN T, Ll 2%
Ab AR B, A3 R L 2 4
FE, ey e, I8 )2 R g
o T AU, FEghfL 14k,
BRI & XF TAFANZ MR A2
BRI BYYIN 71, 1% 85 VIR A3 ik
g =y IEE S e ol [ B
g0, AL, A AR T,
i Sk ANRE 4R VTG 41 4 sl W) I o
REA SRR IG LA, CFRP =T
SO B LA E Y R, 5 R
RIZAEAR , S8 2= L,

(a) SRIFIUREIAC T 2Y)

(b)) W RIBIR TN EY)

A B AR R ) T K
FEXHIE > CERP FLin T8k b 2 ¢ &
W
2 MEEBEMIMEEBRIIIE

K FH 4 NI B A ] L 1 e i R
PO T A4 R 25 B A AL R 3 T 85 2%
L HEE R AR B IS . AR X
HEE AR AL 25 BRad AR M, dn Al
2R

(1) & WA R A T A, 77 R
— NIRRT X

(2) WA R AR 2L TR A, 38
TG IE R 7 7= A e 3R

(3) BRI AR HE— 1A,
EEEAE LTI A

(4) &= WA B8 bt 75 I 3 & 400
MBS T AR , DA 48P

(5) G 2o JE HIPEST T 5 14
B U M LA

(6) 1 [ 2ELUR WY R, B R}
2B TR UNE

JiRE 2 8 7 i sl el ) AR S —
SR A INTHA AL R
J1 HAZ ST th il e 2R 22 B L
[l %% 32 oy K e AR ELIR s & I Al
e R TR IR shm T A AR
R G DL R R AR RLER M G ]
3TN . RPN Ty 2T A s
R IR E b R AR 1 7, B AR T
ORI THERE , 37T 8 2 5 ) 5
Tk FH R B AI T0 EL A AR

A E
X 5 & F T700 %Y CFRP, JB F
oy 6mm, MBS 8 B E 1.8g/cm’,
IR e 030, BRPERE R 53GPa, Wi 4

Ce ) PWIFRIRE AR )

E1 MR ERK

Fig.1 Three forms of breakages

2017 AR5 16 W] - Rl 97



E%H*jl‘h[l]: PROCESSING FOR COMPOSITES

¥ 11.5MPa - m", B8 HV0.6, X,
5 vh BT LR R 2k BEMLR T A 77 1Y
VMCO0850B 7. 28 i T s, ALK &
i Y B K F% R 6000r/min. SR H
Kistler—9257B % £5 23 74 S pisf
HAETHI . B IRBN N Tk B R H
AU S A R K27 H =W e s
BTN T RS, % R G AR D) R
HESE AT AE T AERT AT T B
Ty B % F-4R %6 B 5 71 By fefE:
UNITE

TG0 SR FH BN A R A
FRL2S A 77 1 R 91 4 WA R,
TJEIEAR AN 4 s, NI R R
100% , K7 fy 80/100 H ., NIRFK &
I T SHO6H L FE TR ARG 7
FE R AR SO AR B0 T &
RS C1), i FH 4 WA RS, DEY
T2 At o i 2t XTI ) L

8 52 I R, I S RNk 1 PR

R (2), 5T R LA 2 004G
Il 1 KA RS LA 80 S 40
£ 2R,

HELERE5iTiE

FESCRR N Tad v, ALY
B R AR B A B P R
I B BE AR B B, TR S R
TR B 1 I B 1 T R R 1) S
BHEAE A ST 8 (0 1 A
FEBUA
1 IMISEXFEEEI N R AERm

IR (1), B S Felie ik sl
T, el R IR X T O R
AR RS2 A, AU IR R
120 8mm, /M2 N 6.4mm FE R
HiH CFRP, JUAS A H] 7 an &l 6 Fr
AN BT AN 7 R

& 6 A& 7 BT, AE A TR Y
PEEA RN, B ) FOBE Sk
B0, ELAG v N i R g T L U
il A, BB KA
B, e TR S & RN
J) ELAE R — RV I T 1 ik
MR BT, Y it 45 AR AN AR BT, Bl A

98 M A HIEELA « 2017 43 16 1]

ol A A N, 0 L R AR
VR N2 VER i (PR o S
LR A [R) PR P T o < 9 £ B
WX A A A e ol U KRk /L e A
PO T 00 Bl ek VR T 55 0 Bl R A

XF CFRP AR o A P 09 08 55, <6
W7 JE X R £ S 4147 T i i
A, ORI 52 31 04 5l 1) 7 060N D 1)
JI8E R T A RV 18] T 5
L T L 0] v O B 14 R R B Dy

4

7

v

(a) ¥EPEARIE (b)) Az vhalzdgr () gk
FJG FTL F
(d) L4 (e ) fIm L= ()Y

E2 BEMIARERITE

Fig.2 Material removal process of ultrasonic machining
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2017 4E55 16 W] - RiarliEEEA 99



E%H*jl‘h[l]: PROCESSING FOR COMPOSITES

L T LR R B 1 1 M = £ F xds (1)
9 S AR B LA &, A

AT B 47 T LR S B T AOE 5o, MR Sl 1 i R T 2
BTN R I SIGHIAE, N+ mm, dM WHUEROE

140

wor ._/-/'

/‘-—__‘—'— 451 0.0l mm/r
70 = F 25 0.02mm/r

60

4 M/ (N+ mm)
o o = D
(=] (=] o (=]
T T T T

®©
(=]
T

1 1 1
2000 3000 4000
EHIEH S/ (re min™)

E7 SHEIHAESMISHER

Fig.7 Relationship between torque and processing parameters

80 —160

70 — h—_,.ﬂ""—"-—l - 140 —
60l m---"""" 120 £
Sl - i & —— o 41y
=0l PR S lgo Z — ®HLITARHIT
P I - N o e I mem- AT
= " b B e HHUITHE
F0} 440 =

10 —20

| | |
0 2000 3000 4000 0

FHlEE S/ (re min™)

B8 AN TAE M TEHEI N RHEST L
Fig.8 Comparison of the force and torquebetween ultrasonic and conventional machining

Ca) AT, (b) AT, Ce) AT,
$=2000r/min, f=0.01mm/r S$=3000r/min, =0.01lmm/r S$=4000r/min, =0.01mm/r

(d)HAMT, Ce)HHIMT, CE)HAmT,
$=2000r/min, f=0.01mm/r $=3000r/min, =0.01lmm/r S$=4000r/min, =0.01lmm/r

E9 EBEMIMEMMIHOREITEE

Fig.9 Comparison of the export quality between ultrasonic and conventional machining
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Research for Cutting Force and Torque in Rotary Ultrasonic Drilling of

Carbon Fiber Reinforced Polymers

YUAN Songmei'”’,SONG Heng'”, LU Yilin"*
( 1. School of Mechanical Engineering & Automation, Beihang University, Beijing 100191, China;

2. Beijing Engineering Technological Research Center of High-Efficient & Green CNC Machining Process and Equipment,

Beijing 100191, China )

[ABSTRACT] Aiming at the problems in the processing of carbon fiber reinforced polymers (CFRP), the rotary ultrasonic

drilling has been carried out on CFRP-T700 composites with the abrasive trepanning core tool. From the graphical analy-

sis, the cutting force has been found decreased with the increase of spindle speed whereas the corresponding torque has

been found increased with the increase of spindle speed. The decrease in cutting force and the corresponding torque values

has been found up to 56.6% and 39.1%, respectively in comparison with conventional machining. The mathematical rela-

tion of the cutting force and the torque has been been developed. The proportionality constant, k has been found between

the cutting force and the torque has been found experimentally. The rotary ultrasonic drilling with trepanning tool is the

essential need to reduce the cutting force and torque for machining of CFRP composites. This research can be applied for

practical machining at the industry level.

Keywords: Carbon fiber reinforced polymers; Rotary ultrasonic drilling; Abrasive trepanning core tool; Cutting force;

Torque; Machining parameter
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