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Abstract

process of carbon fiber composite materials and titanium, an ultrasonic vibration drilling device is designed. The per-

In order to solve the problem of severe drill wear and bad quality of hole processing during the drilling

formance of ultrasonic vibration drilling device depends on the quality of sound vibration system. In this paper, the
design of the structure of the sound vibration system was analyzed theoretically. And then the modal analysis and har-
monious response analysis was carried out using the ANSYS software. In the drilling tests of the carbon fiber composite
materials and titanium, the ultrasonic vibration drilling axial drilling force decline 48% and 31% than ordinary drill-

ing axial drilling force respectively. It showed that the developed ultrasonic vibration drilling device has a good drilling

performance.
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Fig.1 Schematic diagram of sound vibration system

1.1 TEHAMRSZEERZT

A ZEM R —A 174 PR HRE A kT, He g
HIP T JSERE DN 5 mm B4 1 L P B 28 i 8+ 1)
NIERESE 0.2 mm AYAR AR R, J5 4 e s AR R
4549, 1T Ze A RE A IR 300 46

V1<lz) =0; VI(O) = Vz(lz) ;V2<0) =V,
F1(0> = Fz(lz) ;Fz(()) =0,
KD RSB I AT I\ 1 RIS HR 3y e

PE 1 0S(x) (9 o, _
ax2+S(x) dx 8x+k§_0 (D
AL RE AR TR R
22 tank, I tank,l, = 1 (2)
2

Lk IEEL k= w/c;c ST PEAE R R P I A 4
JE 5z, 2 HRPRH R BT k-1 IR T4 R 0 B S
KA

JEHL B % R B 45T B0 R BE BT R 4 S R
2.242x107 F113.978x107 kg/m’ - s, i 75 7 78 [ 1R 41 K}
LSRR E ¢ = VE/p, 115 ¢, =2 950 m/s, ¢, =5
100 m/s,k=w/c=2mf/c XTI E P IR R Gt A 715
BOHTG TR RGE IR £=26. 6 kHz, ¥4 T
AR A (2) , RIS 15 2188 5 e e 4% 5 w5 AR
lyo
1.2 TEAMEERIZIT

[(IERVE Si R Z N ER A =0l Sty il N R
117 £ 5T FAM A 4

SR RE S ORI (B AN R A A
e IR G AR X R RHE A R T A IR R 40
S PO ARAR A I PRk b, DT T 58 B 88 A 111 iy
FRATUR R R . PR ARAT R TR A S AR,
It H AR BB = FEBC A, REAR L A0l N7 B A 1L R
AR R
FRHAR T Y htp://www. yhelgy. com 2012 4F 45 5 1]

1/4 P RAE SR IS AE
Vi(0)=0; V5(1;)=V,(0);V,(L,)= Vf;
Fi(0)= F\(1,);F(l;)= F4(0) ;F4(l4)= 0;
WA B (1) A5 174 KRS
PRI REN -
1 R, -R,
tank,l, = tank;l; + WL, . ‘R4 (3)
P, R R BE f B HEA K A2, R, /MBI
H1 SR RE fe il A\ S AL A R % T 174 ik
FERE A AN RE S SR B B0 R R 2 B, X i1
N EOR I BB AR T R ATR IR H
KA (3) A/ NBAE AR -

Vi(x,) = Vicos(l, - x,) (4)
KA (2) W54 IR IS AR S A
V,(x,) = V,cosk,l, (5)
Zi5 (4) ((5) PR, AR RE AR 1T IS P I iR L .
Vi _ Ry z ) cosk,l, ) cosk,l, (6)
v, R, 2z, sink/l, sink,l,

H(3) . (6) AT, 6 e BE 2R IR 1 AN 3k
B V.V, FE— R E N kL B3EINTE/ N, SR8
0, AR kL B HUE R /N, AR VT LIRS — DR
e R L, (5 S35 AR/ g T B2 A Ak 17 g 3ot 1 4
BRSNS, Gk R E S
B by LIEUEN 0. 3, KA A A RS BHATR 2. 202
x107 kg/ (m?s) , P IEAEREEIE N ¢, = ¢, =4 850 m/s,
i AZC(3) T AT SR AT R RE 4 [0 4 (AR L 1, MR ity
NEERE 1,

2 FIRRGHHESTN

FER RSN T 2R S YR Sh AL R & A
BOTEEM TAE, R IR R G0A R sh & RE, A&
SCRH ANSYS X iR 22 G A TS 0 AT RN e iz 43
BT o BT FH T 10 22 7 IR 3R G 1 1A AR AR 76
XA X R R 2R G AT VS R R A0 BT A A 3R
3B FH T P i 2R G 7R 7K 37 Bif B (8] 422 1 5% FL A
AR Ak A Bl 1) 28 fer B PR BRSO R, B SRR RGN
T I M Bt &7 5 it 3 e A T 2 ) R
2.1 BESW

PR ARG LR F T HLE, HEA RS A R
KEAEAL , B B X R AT E kAT 4% 1 Fn el
B, R ERUT R, W/ B RE At it /)N [ o
a, Hd /N R RO T B Sk i, R,
ANSYS {45317 75 Pk 22 ¢ [ A 0 6 1) A8 4k, AR 4l A8
FAEXT P IR R G R 738 S0 %, 52 e T
{HA IR RGPS Es R & ok



RS BT 0 2 75 R 2R G 1) 11 AR iR 8
T CENT R R GG AR a3 R4S S5 R R
T H R P SR J5 6] 75 4k 2R G A R R A7 A K]
T RS L0 S S Wby A T H Sk B iR R ge b A T
BAHT . SrHr T A5 Pk 2 G0 0 22 41 818 490 R A8 DL
5ZARVCEC AR %75 Bk RGBS B gl R rh
PR = 2l HLA AR 3R 5 S0 [ A AR AE, 4300 2R 14
B 45 391 % 26. 6 kHz 55 12 By [EG 45K 22. 5 kHz £l
5515 BYEAHI3 29. 7 kHz, K 2 HiZF R RS EX
SRPE LT PR

(a) 14 MRIRAGIRM

(b) H12 BrA R RSk

(¢) Hi15 Bk REHRA
B2 551412 F115 Brisdik R oo
Fig.2  14th,12th,15th-order modal of sound and vibration system
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Fig.3 Amplitude frequency curve

Horr ] 3 (a) iz ik R G009 AL B — 5 /Y
WA 2, 7 PR R 48 1 T A B 47 AL PR i A 5 /DN
A 0.75 wm; Q0 SREBGH G INAE R PR 22 587 1 07 B AL
PINLFE IR, B2 P 2R G HEA TR 20 B S e

FHFE T L hips//www. yhelgy. com 2012 4F 45 5 1]



SIRT, TR 28 G0 B 1 A AT B — A, AT A5 A
PEITZE IR 3 (b) , HA B IRIE R 1. 19 wm, HBEAT $2
SR EDE =32V Ny N B A T A B 3= L 0]
PR R G R AR AR K,

DR HeL B e A M BOAS TR ) 050, 76 5 30 5 3 A Ak
A LIS B H A KA IRIE A 6. 8 wm, BLAR IR A AEIA
FIHE P RSN T AT B, A B 75 IR R 0 1 SR A7
SERLPE MU 297 19 J5 et 37 5 o o 0 ARG

K 4 g TS H H AT — S A B R AR R il £
HE KA RIRIE S 39 um, AR HUETE 26. 5
~26.8 kHz B, T L3k 4y 4 3 b 9 057 B 3% i &3 ¢ &b
F20 ~39 wm, AT LA AR SRS TR H
RIBUETE FIAL T—A~ L 58 A | 5 T L TR
A S ERERIRY . BRI A5, 30 8 AR il e He H P
A U TR Sk R s B i (/N AT DA T A
FH AT, DT 6 2 P iR S Ty S PR 2

40 ,

32

2.4

16 L

BB/ wm

0.8 4L

24.0 25.0 26.0 27.0 28.0 29.0
f/kHz

B4 TSk A S AR e h 2
Fig.4 Amplitude frequency curve
3 RIRISIE

R T BRI IR Sl R R AROR A TR AT 4R R
B MRPRIER G AR 8 75 4 20 B AL 5 35 3 A L s
EXF b I T E T,

7380 B FLIE FHBR BE IR (XKN713) |, HILKRFS 3 53
%124 300,600,900 r/min, # HAH R A 4 YG-6X
Bk  FLEAZN 5 mm T0UFf 2R 1000, 88 H 45458 26. 6
kHz , #7 J L JR L TR 500V, B 23 300 W,
Bl S PR IE A 20 ~ 30 wm, S SIFEATBRET 4 55 4 4
RERER A bR P IR sh B FL 5 3 A Lk, =
H, DABRET 2 52 A B B 36 Sk 491, B 1 g D 2
1,

0

M 1 Al A0, B 2T 4R 5 5 ORG-S iR 3 B L AN
38 B AL AT A 1) B 0P34 9800 T 48% , Xt Eh AL
TR P18 P Al Sk R T Sk AT L P IR B
FLBG Sk HeEm Al FL A Sk B A — E el . BRIZ

FHIBEI T2, http://www. yhelgy. com 2012 4F %5 5 3]

O BRET A A MOBHRER G SR R A AR 3l T AL
RESEU BE A — S AT 4R A AR o TR
Filth A —EWD, A, KA SRR T
A IR B0 L L 3 A L Bl 1) B ) S 2 T
31% ENHIRCRAB A —E RS,

=1 sHrLikeHEsEEI N

Tab.1 Drilling axial drilling force N
pilzs v 300 r/min 600 1/min 900 r/min
pm - i ELgll g ELgll g
10 36 19 29 17 23 13
20 46 23 38 20 31 16
30 59 28 49 25 40 19
40 75 36 61 32 49 24
4 £t

WF T — SO S IR S Bl 0 R & TERRET 4 5 S 4
BHRERE 8 BB FLIKI | B P IR Sl B LA 18 il AL
FH ECR T B 97 53 50000 T 48% F1 31% it L
PR B LA K AT — 2 R, I T AL A —
SEAR I, OB RSN A0 B BRI TERE

&% 3k

[1] RAHE NI, ERFR. B4 E & 3 6L T
[J]. 2P 4S5 PRI TR 2005 (3) :49-52

[2] il BB, A 4 MIRFLEHIN T 2509
He# Ik 1] AR ,2007,21(4) :89-91

[3] Chandra Nath,Rahman M. Effect of machining parame-
ters in ultrasonic vibration cutting [ J]. International Journal of
Machine Tools & Manufacture ,2008 ,48 .965-974

(4] XSS, & BEFLRR P Bl i 4% 30 4l 1) 26 i3
THEFFELT]. FUR S W ,2007,35(3) :56-58

[5] MBAS AT, AR VEMS. Bele | i T8 AR BT i
JEL)]. WK% %M (BB #RR) ,2009,49 (11) ;1800 -
1804

[6] PrE:A:. M HeRg 2R i [ M. dbat . i h
1984.97-99

[7] Khulief Y A, Al-Naser H. Finite element dynamic anal-
ysis of drillstrings[ J]. Finite Elements in Analysis and Design,
2005,41.:1270-1288

[8] Li Z C,Jiao Y,Deines T W et al. Rotary ultrasonic ma-
chining of ceramic matrix composites: feasibility study and de-
signed experiments[ J]. International Journal of Machine Tools &

Manufacture ,2005 ,45 :1402-1411



	201205组版

