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Effects of turning tool screw connection on horn longitudinal-bending
coupled ultrasonic elliptical vibration characteristics

YANG Jinchuan' FENG Pingfa' > MA Ke' ZHANG Jianfu'

(1. Department of Mechanical Engineering Tsinghua University Beijing 100084 China;
2. Shenzhen International Graduate School Tsinghua University Shenzhen 518055 China)

Abstract: Here a single excitation ultrasonic elliptical vibration ( UEV) composite beam horn was taken as the
study object based on the vibration theory the mechanical model of the horn-turning tool connected with screw fastening
was established. Combined with the screw connection preload model vibration characteristics of the turning tool end of the
single excitation ultrasonic elliptical vibration horn were studied through modal analysis and harmonic response analysis to
obtain influence laws of screw connection on the horn’ s elliptical vibration modes and vibration transmission. Then based
on the change situation of screw connection’ s pre-ightening torque the horn’ s turning tool end under different pre—
tightening torques was simulated and tested the error between calculated results and test ones was analyzed contrastively
to clarify effects of turning tool screw connection on horn ultrasonic elliptical vibration response. The results showed that
by means of mainly affecting bending vibration turning tool screw connection affects longitudinal-bending coupled
resonance of the system; with increase in pre-tightening torque of turning tool connection vibration transmission loss
between turning tool and horn decreases and bending vibration transmission performance of ultrasonic elliptical vibration
can be improved; the study results can provide a basis for turning tool connection and overall resonance design of
ultrasonic elliptical vibration horn.

Key words: turning tool; screw connection; longitudinal-bending coupling; ultrasonic elliptical vibration ( UEV)

( ultrasonic o
elliptical vibration UEV) .
23
46
(JCYJ20180508152128308) o
: 2020 -08 -03 12020 -10 -17 /
1988 742

1975



23

101
° 1
o X Y
; X
X o Y
o 2 o
v}
L
o a _'
. Ot vo(D) H| ) -
5 P X
0,(0) uy(f)
uy(1)
2
1344
° Fig.2 Equivalent structure of horn with two stimulations
2 opP L,0
P ;L
15 ,a
' b ;o
1647 : ho
0
. 0,(1)  0,(1) o 0y(1)
“ - ” v( 1) 0,(1) 0
u, (t)
R uy( 1) o
Po(t) = 0,(1) = Asin wt
o |%’0( 1) = 0y(1) (1)
@,(t) =0,(t) *cosa
o |]uz( £) = 0,(1t) *sina
u, (1) H
vo( ) H X ;
u,( 1) H
1 o Y .
0,(t) H
P Y 057 » 3 .
24 »//IEEFE v
68 ? 1
25 €1
X — Mi8 os50-N-Mis - ul(f)——'jv: My [—w=x,
M4 N X 77N 0 Kk
B | i ) ky
WAL o5 || b s B oH A L0
1 ( mm) )

Fig. 1 UEV structure with combined-beam( mm) 3

Fig.3 Equivalent structure of skem beam system

3 M, ;€ c, X,



102 2021 40
Y, vk K, sin( wt + ¢,) = Aysin( wt + @) (8)
X, Y, ° Dy = arctan (= cw) /( ke — Myo’) @, =
. . . V kO/MO’ §O = CO/COn Con = 2‘/‘40(1)011"
[M17f1 +019f1 + k= ku (1) +Cll.Ll(l) (2) H
My, + ey, + kyyy = kuy(t) + cuy(t) H 5
(2) H
Acos « (k1)2+( w)’ /k
= X
)
J [ (o) T[]
wl
sin( wt — @, — Agol) =4, sm( wt +¢;) (3)
:qb1 = —arctan( —c,w/k,) + arctan ( —c,w) /(k, -
5 H

M ’wln

«/k /M &= ¢ /¢, ¢, =2M,w,,-

Asin « (kz) >+ () /k,

J[l— T (2]

sin( wt — ©, — AQDZ) =A len( ot + d)z) (4)

', = —arctan( - c,w/k,) —arctan ( —c,w) /( k, —

vk IMy; €, =c,/cy, €y =2M, w,, -

2
le 1 w2n

a _ R20-0) _
B 1 -2

_ Jat + b - a/S

Aer = 2L/s "
T (6)
a +b -a
AgDZ - 2L m
O,(t) H
OH
4 0
o
o) —ef 8 My |
o ko
4 OH
Fig.4 Equivalent structure of beam OH system
4 M, OH icp X
ke X o
OH
Mo%y + coxg + koxg = kovo( 1) + covo( ) (7)
(7) H

(k0)2+(cow)2 /k,

T el

Fig.5 Vibration decomposition and synthesis of point H

5 H X Y 3
: X:O( l) '
X, (1) Yo (1)
X o
{XH( t) = Xo(t) +X,(1) * cos (9)
Y, (1) = X,(t) *sina—-Y,(t) *cosa
{XH( 1) = Agsin( wt + ¢y) + Ay sin( wt + ;) (10)
Y, (1) = Apsin(wt + @) + Ayssin( ot + ,)
CAy = Agcos oAy = Aygsin ay Ay = —A,c08 ao
(10) 5 H
(1) = JA%O + Ay + 2 A 008 20701 x
d
. +
g Sln(a)t L 5 ¢, Aqb,) =
] Apsin )
sin
0 HX wt + Oy (11)
(0 = N/Ai,Z w42 - 2AH2AH3COS(M) x
) 2
ad
ad .
0 sm(wt + m + Ad’z) =
E 2
Ayysin( wt + 0yy)
0, = arctan(ALO _Amtan d)o - d)l]
AzO + AIIl 2 ( 12)
0,y = arctan(Am _A]Btan ¢ - ¢2)
Ap + A 2



23 : 103

6 7

Fig.6 Equivalent structure of main beam HP system Fig.7 Equivalent structure of horn with tool
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Fig. 18 Measurement state of system
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Tab.1 Resonant frequency of system under

installation torque Hz

0.5 Nem 1 N°m 2 Nem 3 N'm 4 Nem 5 Nem

16 696 16702 16721 16751 16 788 16 797
16 663 16719 16727 16738 16 750 16 764
16 861 16 891 16891 16901 16901 16 911
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Fig. 19  Vibration amplitudes of output end of system
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