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Vibration Heating of Ultrasonic Horn and

Its Influence on Vibration Stability
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Abstract: In the vibration of the horn, the damping characteristics of the ultrasonic horn and its coupling with the
bolt / tool head will lead to obvious temperature rise. In order to analyze the temperature rise characteristic and ex—
plore its influence on the vibration stability of the ultrasonic horn, the total power density and temperature distribution
of the longitudinal vibration horn were obtained by numerical simulation. The theoretical temperature rise of the ultra—
sonic horn was verified by infrared thermal imaging test, and the influence of bolts and tool heads of different materials
on the temperature rise was analyzed. Combining the numerical modal analysis and experimental analysis, the influ—
ence of temperature rise on the resonant frequency and amplitude of the horn was further discussed. The results show
that the temperature rise tends to be balanced during continuous operation of the ultrasonic horn, and the equilibrium
point depends on the bolt material, horn material and environmental factors. For low damping TC4 horns, energy loss
at bolt is the main heat source, of which 45 steel bolts generate 97.7% of the heat, while TC4 bolts and tool heads can

significantly reduce the temperature rise. At the same time, it is found that the resonance frequency of the ultrasonic

+ Wi HEHI:2019-12-16
EETA : FEARPIAIE 4 B H (51275165,51575174) , National Natural Science Foundation of China(51275165, 51575174); < ¥
B 11R15T H (KQ1801007) , Science and Technology Plan Project of Changsha City(KQ1801007)
EZ BN - ABIR(1968—), B, WIHT A KT , WIE R 20, A S
+ AR N, E-mail : ruigingt@hnu.edu.cn



2 R R AR (A AR BE R

2020 4F

horn is linearly negatively correlated with the temperature rise. The amplitude is reduced due to the temperature rise,

and both of them are stable at the equilibrium temperature point.

Key words: ultrasonic horn;energy loss ; resonance frequency ; amplitude ; vibration heating
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Fig.1 Geometrical model and longitudinal mode of horn
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Fig.2 Axial amplitude distribution curve of horn
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Fig.3 Distribution curve of axial temperature

and total power consumption density of horn
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and the end of tool head

2.3 RFNBFLEH T

A ELAE SR AT, S2AR AL Al P E Ry A P 2
JEUERLL SR XoF H 0 B AN TR BB AR 4 Ak X AR R AT A FA I 52
Wi, TR R Y 45 B D) T 5 AR TR AT AR TR]
PR TC4 BRA S8 73 i B2 AR IR AT 5 T 23k
FEFIF FLIR SC7000 £T MR AR A AR W AT R
AT 3000 AR WA Rt LA B i DX 3 an ] 5 ()
FE7R I X3 A i 22 DL B 43, R FORL 4y A 43
AP 5(h)AT 5(c) T , 22 AR W AT ) i 2 75 R il
UL 6. BN 5 FIE 6 AT, dReim il B 450 A0 THE
Fehb , AR MR AT B AR A R 55 0 B L. fH ] 45
PR LT, R IR E] T 118.52 °C; TMifliH
TC4 Bh & SRR EERT, Bl I B IRIL, A
84.85 °C. TR H 45 PIRFRHT, 45 BRIBHJE 4K TC4 £K
AR I B NG SR A ST 2 45 1
B, &5 — o fe et S 5, A8 R BRI AR TE 2
Hf R T B R SRR A A B A A R S R

FAYZE 2 0 Z 00 e 0 T3 B A5 B T, e
S ASBRAT AR TR R R

ARMEFFA R B BHE AR K AOR ] sl il —
AR R T 43 M AS [RIBELTE 5961 k3o 28 e AT 5 4 T
FERISZI, 43 %t BHE TU2 04 T 2L A KBk &
4 T ESL AT R S 208 ARy TCA kB4
AR | AR R RE A3 A S5k R R 43 A i £ 40 1 L
B S(d)FE 6. SARFHE MBI F A2, i = BEe
TU2 54 T HSGBE T el e A T HL S
R AL, T HSLIR B 5] 43 A0, e 453 141.99 C,
Lt TC4 k&4 T HLMR & 57.14 C.

S5 T OC OC OC
3 REREE 411675+ AB84.46 A 141.99

114 83 I141
109 79 135

103 74 ‘ 127
9 68 120
87 64 111
} 77 57 102
W 68 48 85
HH
X 54 40 75
B Mo 26 35
¥20.92 ¥22.59 ¥23.46
(a)EWRATRL ()45 AMIZHE . (c)TC4 1. (d)TC4 1242
Fh X, TC4 T HSK TC4 AERFT TU2 T.H3k

A5 TFnERRESRLBELSH

Fig.5 Measuring area and final temperature of horn
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Fig.6 Temperature distribution of the axis of the horn

under connecting bolt and tool head with different materials
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connecting bolt and tool head with different materials
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Fig.8 Displacement curve with time at the end of tool head
R T ARG St D 32 2R« B IR B B T R, A

FF TS PRATRAS T T B, A8 MR AT R i A 1740 38 il A 24
35 000 Hz A Wi 25 A2 AT BB R AR . ZE IR

LN IRIE R, TEAZMEAT AT PRI AN W i 2 3
PR Z 5, IR AT P )N,

20 — O O min

15F ——e—— 30 min

I ANAY I\

fif%/m

0 2 4 6 8 10 12 14 16 18 20
B9 ThaAFHRRE N X
Fig.9 Amplitude test of horn

3.2 IRFITIEHRINE A9 0

X 172 WA AR MRAT , SRR AR AR, A AR
FRIREEY 51 34, HON B IRAT 30 12 -

T TA 11+ al) \/ poj/g(oi 1+ wﬂr%?T) (8)
Krp: Lo A ABMEFF IR ;o HIZIKREGE, H
VIR TR AR 1 5 B8 SRy SRS B A AR XS AR 4 5 p0 I IR
B AT HSLEAR

H (8 AT 1%, IS ST I RT3 £ S IR TSRS
Z fo AN -

[ _ NV =BAT)(1 + mraAT) (9)
fo 1 +aAT

FEASMEFE A SE R i, Ay o b [ R 5l , 28 i
Fr EAR/INT 14 P R Xl T 22 o 5 R5B
PEARHE /N, FTRLERIHAH L (9) HhZm (1 +
AT ), H— B 28 R R HERa Y, I

%:1—(a+%)AT (10)

H X (10) AT X UAE IR 2N T 1, B ERTERS
S5RTHEE M, AR T &, AL TRAT R 2
BRSNS ARG . BEAh 38 5 A0 RHAIZ K 2R 5O s pE
B AR AR A .

XFF TC4 BKA 2B B a=9.0x10° m/(m-C),
B=4.602x10* K1, Z55/55 (10) AR, T F 15
PEAGE S A Ak A R AT B PR A e R AP ) 2 2 R A
XTI BRI R K 34 976 Hz Z8MEAT, 78 T=120 °C
if, BV 25 3R 20 CTHE 100 CH, i #3:3 /1£,=0.976 1,
HASIRIARASILZE 34 140 Hz B8 FFE T 836 Ha.

PR A B BRS Ar As R, RIZZEFT




6 R R A4 (A AR BE2 R

2020 4F

FIRLE S AR AR S T IR EL, JFH IR BIAR
T T MRS R, XRIRFF TR 3 K 5
BRI A BIIR B A AT S AL MR AT IR IR, 4
* 1 iR
* 1 R AARBETIEFIEREE
Tab.1 Resonant frequency values of horns before
and after vibration heating

gh 0 min IEEHHR/MHz 30 min iEPRIIR/Hz  FiRIEFL/Hz
THEE 34 976 34 140 836
IE=KE] 34 976 34 436 540

AR R B FUAE e HAH A/, BRI
JE AR MR AT AR o0 A AN, A R ) A ORI
B

4 & it

ASCEE A B E AR AN S 56 50 U X A8 IR AT IR 3h A&
AR T T 8T, JEIFST T IR 3h & BT R 75 4R 3l
e tErsem A 2L R 24518

1) AR MEFT A5 14 g AR R A B
W, T e 2T 2k By, AR AR W A BEJE 58/ N
DIBZARAL A& 0N T, 45 SRR AL K v 5 AR IR T &
PR 97.7%, FE/FRERT 118.52°C, KT
TC4 BhA 48 A EFEIT 1 84.85 °C. KA = BHE Y
TU2 S840 T H B iR b, 185 141.99 °C, FfH
AT AE T I8 S A T H Sk X,

2) AR W PR R 5 VR P A1 25 1 I Y B ) P v 1T
W, AR . PR IR R 5 R R () TR AR
K, I H YA MR AT IR B 51 43 A ] T IR R 5 R T
BRI

3)ARMRAF AR ECR KRR | i | e v
TP (AR, WB A A A I 55 2 A A ], 7R ] 1A
ARG AR AN T A N RIS

S 3k

(1] FEZ% G, RFER. JPRBEHERIN THARIM]. Jbat: [H
Bl Tll Hi Rk, 2007 : 258—293.

WANG A L,ZHU X J,WU X L. Power ultrasonic vibration machin—
ing technology[ M ]. Beijing: National Defense Industry Press,2007:
258—293. (In Chinese)

(2] BUsboR ,BX ARG, WOambR L 45, 2219-T87 7 il B0 1 BE 488 A5 7
KBS HEREL . W R R (A AR M), 2018,45(4):
41—47.

HE D Q,ZHAO Z F,LAI R L,et al. Research on the microstructure
and mechanical properties of ultrasonic assisted friction stir welding

joints of 2219-T87 aluminum alloy[ J . Journal of Hunan University

(Natural Sciences),2018,45(4) :41—47.(In Chinese )

(3] Aifhse. d s AR IRAT i SR Tt (M dbst: BhS i s,
1987 :65—66.

LIN Z M. Principle and design of ultrasonic horn[M ]. Beijing: Sci—
ence Press, 1987:65—66. (In Chinese )

(4] MRDE, LA, SR M, S5, MR e S 1 ot v R B R 4R T
FRPERTELY]. ksl il 5217, 2005, 25(3) :42—46.

FUJ Q,RONG J H,ZHANG Y P,ei al. Study on energy dissipation
of axial vibration in bolted joint[J]. Journal of Vibration, Measure—
ment & Diagnosis,2005,25(3) :42—46.(In Chinese )

[5] 3L AR BPkaE [M]. Kt KERE M, 2008:236—
238.

ZHENG ]. Physical properties of materials [M]. Tianjin: Tianjin
University Press,2008:236—238. (In Chinese)

[6] RANIRM,PRAKASAN K,RUDRAMOORTHY R. Studies on ther—
moelastic heating of horns used in ultrasonic plastic welding[J ]. Ul-
trasonics,2015,55:123—132.

[7] YUJW,LUO H,NGUYEN T Vet al. Eigenfrequency characteriza—
tion and tuning of Ti—6A1-4V ultrasonic horn at high temperatures
for glass molding[ J . Ultrasonics, 2020, 101: 106002.

(8] U5y, THL,ZEarpk, S, B 7 iy B s ) 0 4 T A A Bk ) B 30
PERERTIEL)]. TRHER,2017,51(7):20—23.

CUI F F,DING K, LI Q L,et al. Study on vibration performance of
wheel matrix materials for ultrasonic assisted grinding[J ]. Tool En—
gineering,2017,51(7) :20—23.(In Chinese)

(9] ROV, MIE, B, 55, PR IR SR P AR IRAT i A S A7
B LR gE 1], 74 R ,2018,37(1) : 51—56.

YU J W,LIU B,LUO H, et al. High temperature modal analysis and
experimental study of the ultrasonic horn for glass vibration molding
[J]. Technical Acoustics,2018,37(1):51—56. (In Chinese)

[10] WHERYE. 5064 To M B BB BUE 07 1 40T [ D LK b - 380

B RAEDUR S8 3 T R4, 2013 :35—36.
XIE W Q. The simulation analysis on glass molding process of mi—
crostructured optical components [D]. Changsha:College of Me—
chanical and Vehicle Engineering, Hunan University,2013:35—36.
(In Chinese)

[11] AREUR, =0, FHEOME, 55 B V IR BT R OB A R T
BEAIAHT (1] WM R CHSARIERR) ,2017,44(8) : 13—
19.

YU J W,LI C,YIN S H,et al. Finite element analysis on stress of
micro V groove components in GMP[J ]. Journal of Hunan University
(Natural Sciences),2017,44(8):13—19. (In Chinese)

[12] ENSMINGER D,STULEN F B. Ultrasonics: data,equations and
their practical uses[ M ]. Boca Raton : CRC Press,2008:61—62.

[13] MASON W P,WEHR J. Internal friction and ultrasonic yield stress
of the alloy 90Ti6AI4V [J]. Journal of Physics & Chemistry of
Solids, 1970,31(8):1925—1933.

[14] SINGIRESU S R. #Lis#R3h[ M 1. 2=l , sk BT, 1. b v
R, 2007 : 158—159,495—496.

SINGIRESU S R. Mechanical vibration [M]. Translated by LIX Y,
ZHANG M L. Beijing: Tsinghua University Press,2007:158—
159,495—496. (In Chinese )

[15] ZHANG J,PEREZ R J,LAVERNIA E J. Documentation of damping
capacity of metallic,ceramic and metal matrix composite materials
[J]. Journal of Materials Science, 1993 ,28(9):2395—2404.

[16] WELSCH G,BOYER R,COLLINGS E W. Materials properties
handbook : titanium alloys [M]. Ohio:ASM International , 1993:
641—649.

[17] MILLS K C. Ti:Ti-6A1-4V (Imi 318),Recommended values of
thermophysical properties for selected commercial alloys [M].

Cambridge : Woodhead Publishing Ltd,2002:211—217.



