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Dynamic Performance of Composite Stepped Horn Based on ANSYS
GU Ronghua, SHI Xiudong, WANG Bin, HUANG Qiao, XU Jinzhou

(School of Mechanical Engineering,Jiangnan University , Wuxi, Jiangsu 214122, China)

Abstract : To study on dynamic characteristics of a compound ultrasonic horn and based on the design theory of amplitude
bar, the dynamic analysis was carried out by using the simulation software MATLAB and ANSYS. According to the three
main design parameters of composite horn, such as area ratio, port diameter and conical transition length, the finite
element simulation test of the ultrasonic horn was proceeded. The resonance frequency, the amplification coefficient and
the maximum response value of the stress and dynamic performance parameters were recorded and analyzed. The results
show that, with the larger of the area ratio, the resonance frequency and the amplification factor of the finite was more
deviated from the analytical value, and the biggest response stress value was bigger. With the longer conical transition,
the resonance frequency and the amplification factor of the finite was closer with the analytical value, and the biggest
response stress value was smaller. The three design parameters had significant influence on the dynamic characteristics of
the horn. Too large area ratio or port diameter could cause distortion of the amplitude bar, or the maximum response
stress value exceeded the allowable stress of the material. Increasing the taper transition length could reduce the
frequency error and the maximum response stress, but it decreased the magnification factor.

Keywords : ultrasonic vibration system;conical transition length ; horn ; FEA (finite element analysis) ;area ratio

A AR A A IR sh RGP R NGy 2 RAEE™ A IR AT IR HEA T HOR, RS HA LR 3 1
— FEE R R SR, A TR BRI S T ROR
BT HREAR AR AR AR, FL AR 20 kHz i B TRLR P 28 W AT X LA A2 TR R B
FAURHOK, AEVF 285 i L A RIE T 208 5] BOR, B DA R A i S — R AL & i i &2 5 0%
JUHBOREE S U EHOK , BT ATE ZEA5 B AR A AR AT RS AT AR o o AR I3 ek D0 TR B A i AT L

W5 H 89 :2017-01-08 ; {& [5] H #§ :2017-07-18

EL£W A : BEFHE R B (2015BAF12B00)

F—IEE B/ SRR (1992) 5 VLA r A W05 A, BB MO BN LA, MEEH A F AR (1965 ) B, %
BN A BIZE, EEWFE T OB SO T 248 MU s BT AR . E-mail 11500203296 @ qq. com



.38 . B THI# Light Industry Machinery

H RGO RE R 2 T 0 LA s i) 2 T
PRSI R GE b, T S 3 i A W T 0 4 BR
TRV S , Bl 1A BROCEEALA Y R4 AT S s -
7 PR A X R A WE AT UEAT T AR B
AVREH He TR EAT B EE, DLRTAR L (i H B
BRI R 3 NS B S & fE B B
B MATLAB 1 ANSYS i H E 77 s &t seF ¢, 18
1 EAS RS BUE T F AT, 1R 3 NS
O AL WA ShASFRE 0 520, I AR DG
1 R T AR i
BBZTEAT R 1 5 B 4% 1) [Rl 1 , A28 LA
PRI R PR3l , F T BT A il e A5 46 . A8 R AT
TE—4ENG O T PR BT -
e, 1osa
ox® S oxox
K& =€(x) AR REG E = w/c, k JyRIPE,
¢ = VE/p WYAEM KR IR, 0 AR E
AR AR o N BPRHE E 5 S O AR AT A A I
TR
XF T T s 8 58 B ek 3 Y A 28 i A, SCrp 2
PRI R B H AR MR AT P B TS IE , W] AL
KLy FRIG AT AT RIS 3025 BOF B9 88 23 A R :
&, =& cos (hx +kl);

+k¢£=0, (1)

/

3

- . 2
f[[ l—axcos (kx+a2)’ ( )
En =o€ cos [k — (kly + kL) ]

/\EF‘: (kl)
_cos . _ .
a, = cos o, ,tan o, =tan (kl,) t0 (3)

a; =N[cos (kl,) —tan a,sin (kl,) ],
&y, &y, En 3 0 & B Y s AL A% 20 A BR R
£, & IR ARIRAT R N LS 51, , 0, L 3 3l
MR B sa = (N = 1) /(NL) 9 #E R A
N = /S\/S, iR ; S, , S, 43 51k AT /N
T
LIESy R

tan (kl,) =i(N—l) +cot (kl,) =

Jcotz(kzz)+1+[Z(N+1)}zo (4)
;T:t':':‘:klz$’n' Hrj‘m“ + ” ,k12 >’T|' BTJ_H:Z“ _ no
(VAP
/2 —
xo:w (5)

k o

2017 FE5E6 HA
TR ZHL:
M, =1N[cos (kl,) —tan a,sin (kl,) ],  (6)
s T
M
I & a &
]

I II I X

il 12 I3

A1 Had RS LT &R
Figure 1  Diagram of conical transition
type stepped horn
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Table 1  Physical parameters of 45 steel
W p/ P o/ spERCR
RS (kg+m=)  (m-s-1) £/CPa TR LE
45 44 7 810 5710 209.2 0.28
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Figure 2 Mesh division of horn
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Figure 3  Longitudinal vibration mode of horn
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Figure 4  Axial displacement distribution of horn
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Figure 5 Response stress distribution of horn
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Figure 6 Relationship between total

length and area ratio
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Table 2 Simulation results under constant small end diameter
N [,/mm l3/mm I/mm f/kHz A% M, M, AM, - M, "' /% O pan/ MPa
1.5 52.9 52.9 130.8 19.927 0.37 2.198 2.192 0.27 122.15
2.0 54.4 54.4 133.8 19. 669 1.66 3.856 3.800 1.45 235.09
2.5 55.8 55.8 136.6 19.353 3.24 5.977 5.791 3.11 383.54
3.0 56.9 56.9 138.8 19.054 4.73 8.566 8.124 5.16 524.85
3.5 57.8 57.8 140.6 18.772 6.14 11.622 10.697 7.96 725.68
4.0 58.5 58.5 142.0 18.524 7.38 15.147 13.470 11.07 920.23
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Table 3 Simulation results under constant large end diameter

N l,/mm 3/ mm I/mm f/kHz A /% M, M, AM, - M, /% T par/ MPa
1.5 52.9 52.9 130.8 19.152 4.24 2.198 2.138 2.73 160. 94
2.0 54.4 54.4 133.8 18. 684 6.58 3.856 3.630 5.86 286.35
2.5 55.8 55.8 136.6 18.478 7.61 5.977 5.513 7.76 408.96
3.0 56.9 56.9 138.8 18.440 7.80 8.566 7.820 8.71 547.94
3.5 57.8 57.8 140.6 18.465 7.68 11.622 10.487 9.77 703.50
4.0 58.5 58.5 142.0 18.524 7.38 15.147 13.470 11.07 920.23
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Table 4 Simulation results under constant area ratio

D/ Dy 1/ A f AM, - M,"Y o/
mm  mm  kHz % ! % MPa

30 15 19.837 0.82  3.83  0.57 222.01
40 20 19.669 1.66  3.800  1.45 235.09
50 25 19.463 2,69 3.769  2.26 247.27
60 30  19.226 3.87  3.730  3.27 268. 14
70 35 18.964 5.18  3.684  4.46 275.55
80 40  18.684 6.58  3.630  5.86 286.35
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Table 5 Simulation results between total length and conical transition length
N I,/mm [,/mm l3/mm [/mm S/ kHz A% M, M, AM,-M,""/%  o&,,/MPa
1.5 21.5 54.5 54.5 130.5 19.921 0.40 2.211 2.205 0.27 129.13
1.5 43.0 44.4 44.4 131.8 19.967 0.17 2.103 2.097 0.29 102. 68
1.5 64.5 34.0 34.0 132.5 19.976 0.12 1.950 1.948 0.10 77.68
1.5 86.0 23.2 23.2 132.4 19.998 0.01 1.781 1.782 0.06 69.51
1.5 107.5 12.2 12.2 131.9 20.001 0.01 1.624 1.627 0.18 65. 80
2.0 21.5 55.8 55.8 133.1 19.633 1.84 3.892 3.835 1.46 245.15
2.0 43.0 46.8 46.8 136.6 19.799 1.01 3.594 3.549 1.25 190. 69
2.0 64.5 37.1 37.1 138.7 19.853 0.74 3.171 3.142 0.91 138.82
2.0 86.0 26.4 26.4 138.8 19.915 0.43 2.714 2.698 0.59 89.59
2.0 107.5 15.0 15.0 137.5 19.945 0.28 2.307 2.301 0.26 78.75
2.5 21.5 57.0 57.0 135.5 19.293 3.54 6.047 5.856 3.16 394.54
2.5 43.0 49.1 49.1 141.2 19.577 2.12 5.482 5.325 2.86 300.99
2.5 64.5 40.2 40.2 144.9 19.700 1.50 4.678 4.568 2.35 220.72
2.5 86.0 30.0 30.0 146.0 19.764 1.18 3.811 3.745 1.73 143.04
2.5 107.5 18.4 18.4 144.3 19.810 0.95 3.051 3.025 0.85 90. 16
3.0 21.5 58.0 58.0 137.5 18.960 5.20 8.677 8.216 5.31 563.89
3.0 43.0 51.0 51.0 145.0 19.350 3.25 7.774 7.381 5.06 454.13
3.0 64.5 43.0 43.0 150.5 19.512 2.44 6.482 6.197 4.40 320.57
3.0 86.0 33.4 33.4 152.8 19.598 2.01 5.080 4.913 3.29 209.72
3.0 107.5 21.8 21.8 151.1 19. 666 1.67 3.860 3.784 1.97 109.42
HFES TUEBAEARREBRILL T, FEE R 418 (2] Ewb2E, B9 AN HERELZER BT A FHEAEII]. K
KEER ARUE ISR RO R B e DR SRR T eas
" . _ < _ N BFF BB, RS AERBEEANMHTLESTRITNES
K??ﬁﬂ?%$ﬁ{ﬁ’ IEJ‘HT/E[FEE:E?Eij(ij{E%uﬁi/j( A Bk et [J]. Al & T4 ,2008(11) ;111 - 113.
RBAEAWIRD o PTUL AR PRI IR 4y o o, 9o, % MR 28 6 R H G 2o 4 401
NIRRT E PN SURl § N Sibbi e QT e [J). 5l 7 % ,2016 35 (1) :20 -26.
B B 77 A 1 A SRR 2 A B i B N AT, {EL [E] IS 2 s [5] MAbx. @7F REATey REARI[M]. Joo: B % A, 1987
ﬁij(/%%k&o 130 - 131.
R [6] ROOPA R M, RUDRAMOORTHY R. Computational modeling and
4 £HiE . . . .
experimental studies of the dynamic performance of ultrasonic horn
1 ) *E%Eﬁi_l»iﬂi%xﬂ‘%ﬁﬁgﬂgmgﬁ‘*?ﬁﬁ?ﬁfr : profiles used in plastic welding[ J]. Ultrasonics,2013,53(3) :763 —
FFIE A BRIC A BT 40 1 ANSYS X 28 W AT #4780 1 2 772.
AT, A R S VO T EORFEAR B BN FROTIT . (7] S AT s, &0 B R R AT 8 AT il 447 (0]
AT R R EEHBIR DI3A1):10-13
2) %*ﬁﬁﬂ:%T ﬁ*ﬂ [:K iF[I %ﬁﬁWEKTEXﬂL@}’EFFEH [8] ZHANG' Xinghong,, CHEN Xin, HE Tao, (.%t al. Dynamic study on
ultrasonic horn[ J ]. Machine tool & hydraulics,2015,43(18) .70 —
A R TR L T LA T o
BN R MR TAF, SOE BRI BT (91 s s mp & oy s 447 (1) HLHS 27,2004,
AR I ) S B WA AUIR , T DAAE B AR 22(4):10 - 12.
FFE) A FR g ) TR AR Fe A /NI 1T B AR R/ . SR B [10] k=, GRl. 47 & K XA F F R AR o045 My % om o
ORI o I FE 72 B DRI 72 2 PR 2 )
[(11] x|#E. Z&R @AW [1]. B7 HL#H,2016,37(1)

P NIV EIE NS YN SN
S 3
(1] #RE. % e T[M]. 3 1% T 0 4t 201476,

105 - 107.



