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Abstract: Objective In view of the problems that the ultrasonic cutter size is difficult to be calculated analytically and the
ultrasonic cutter with specific structural size requirements is difficult to be designed in engineering practice, an efficient
design and analysis method for the structural optimization and vibration characteristics of the clamped combination
ultrasonic cutters was established. Methods The method was based on the design requirements of an engineering practice
ultrasonic cutter, and a combination ultrasonic cutter was designed with a stepped variable amplitude horn and a fixed
gradient blade body clamped by the structural dimension parameterization. The study analyzed the influence of the single
structural size factor of the ultrasonic horn on the vibration characteristics of the finite element modal inherent longitudinal
vibration frequency and output deformation size of the combined ultrasonic cutter, reasonably selected the range of
structural size values, constructed a four—factor, two-level full-factor simulation experiment, conducted a multi-structural

factor interaction analysis, and established a resonant frequency regression equation with significant factors. Based on
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this, with the simple harmonic resonant frequency as the target, the 28 kHz clamped ultrasonic cutter was designed and
optimized. Results Through finite element modal analysis and harmonic response analysis, the consistency of the
optimized ultrasonic cutter in the inherent longitudinal vibration and resonant frequency with the target design was verified.
The simulation output amplitude met the ultrasonic cutting amplitude requirements, and the simulation maximum
equivalent force was much smaller than the safe allowable yield strength of the material. The consistency of the
experimental test frequency with the design and simulation frequency was verified through CNC machining and impedance
testing, and the impedance value met the design requirements. The ultrasonic cutter was installed into the cutting system
for processing experiments, and through comparison with ordinary tools, laser, and other processing methods, the
designed cutter had stable output frequency and amplitude, good cutting quality, and high efficiency. Conclusion The

results show that the proposed ultrasonic cutter design, simulation, analysis, and other methods have good guidance for

the design, optimization, and engineering application of complex cutters with specific dimensional requirements.

Keywords: ultrasonic cutter; FEM Analysis; analysis of causal interaction effects; vibration characteristics

1 50 &

AP UIRIBOR B2 B TR SRR N i S
B s e 0 52 5 e ss Rt SRR R B
il LA RO B0 | WA 5 I B A e o T 4R AL
AYVIFIE T3 /N AN 5y i 21, B 4 1 BT K AR AR
'L'—[4—5]O

AR DI R S8 E B AR TR R A HRE A B
FYIT) =853, AR JRUEE ) A 6 e A 4 L BE e Ak
JERIYI T 4 e AR B0 BE A ) 21 5 U0 i, ek G g
SR PR P AL, L 57 SR, T S BRI R Y
EREN iV I DIEE R CR L WIS WS W
HAET gk s WA RIS T R T in TR B8 ) R
DIFEITD Sk B 1 PR Bl 2 A JE R 4 3 T 22 SO
TRZER R, et TR ROR AR T B — U
DITT JUIGERRLAE 0 A R R U 0 R 8 75 D) DA T
T BRIT AT B SR 3 5 AR A X WA i e b
BRI AT TR R ) s DT RIPLEAE T AR 3h
DIHIPEREA BROC S SC B 70 A 2, BESE N 2 R B S8
R YT IR U] ) 003805 75 ) TR sl 4k
W07, BT TR R E e BIA T 33
IVpAE -SSR DRI DA RIS RY Ll N i)
SRR T 22 AR AR N U 190 2 4
B 7R DI R GE R 0 SO SRR R BT A
ST X 7 L) D 2 R 7 S AR A T T
BERL TRk ST 2 O T 1 A e Rk AT T
TIEs AT, SR Kim &5 @ A BRIC 5 B | IE
SERBETE AR T3 1, Rl 7 AL W e TR A5 R ST S
TR IR ST PR AT T RS M SR 56k,
A TR SRR AR

EIRRE S D TR B S pE SR AL T S
% SRS b i = B R R 2 AP TE AA E EE
RO oI DANCRE WALL N1 e T NN S PSR TTDALEN
HHNTOR S S la= S N I AR Taa N LD i

RO, T UL HE 0 T 0 o — 72 A [ 2 ) Sk A
107 IEATECA BT 5 B, T LA & A U0 1
ORI B G . A, eSS M R, R T
KA NS EMRHII BN Torh A A U 0 1 2544
“3Es ™ RSF ol 70 RSE A R E SR, i Sk
A LB XA R 4 RS BRG] B S
58, T A A BEH Y IR A BRICFAT R B A
SIATR TR AT ARy TR oA R 45 4 RS (R 7 8] )
Bt i SR B SR RS R KR
2 @ EYIES R R RS
2.1 BiHERE K Y))) Gik ik

B AR T VAR A/B Sk A 5 Wk R
DD BT T SR 2 I 75 U0 R 58 B 3 A et
HIUIED, [RIBPRE DI 1 35 0 25 G A4 RST KON, T
T ALES AT 71BN T, Bk 71 71 71K FEAE 50 mm
A, FAFEGE 1 R,

B1 R%FEA/BREGHEFGERIIZIMIE
Fig.1 Diagram of automobile A/B trim pillar parts and

cutting requirements
TR WA UL ) S5 IE 2 B, 1A
JI N AEARS, 27 3 e e SO A V) ), 1A D) )
TR PRSP AR E | (R R e T R D) T, &
DEPEANGE 3 27 7 SR FH Bt B9 A9 0 e 1S S 4t , 42 1k
U ARTT R AR AL By T 34, AN By I it (a4, LR 3l 05

Fefmi ik (http ://journal. ctbu. edu. cn/zr/ch/index. aspx)



%4 4

%K%, % 2T FEM 2 DOE /4t 8 % 41 71 46 #9303t 5 3R 3 M 9 55 19

AT, JIR G Wi ;3" T BB S B e Ul A U1 T
JIIIERsy al AR A T AL E AT BET, — R BE, R AR,
BRECR T g, WIPER e, A BN R DRI

[T

BRI

B2 TREFERAMEE
Fig. 2 Different forms of ultrasonic cutters in engineering
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Fig.3 Schematic diagram of the threaded direct—connected

clamping ultrasonic cutter
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Table 2 Preliminary parameters of step—shaped
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variable—amplitude cutter
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Fig.4 Structural diagram of clamped ultrasonic cutter
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Table 3 Comparison of the natural mode characteristics

of ultrasonic variable—amplitude cutters
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Fig.5 Natural mode vibration characteristics of ultrasonic cutter
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Fig. 12 Harmonic response frequency response diagram

of ultrasonic cutter
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Fig. 13 Overall deformation diagram of harmonic response
of ultrasonic cutter
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of ultrasonic cutter
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Fig. 16 Impedance test diagram of ultrasonic cutter
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Fig. 17 Processing experiment and processing effect

comparison of ultrasonic cutter
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