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Power Ultrasonics

Low power ultrasonics: usually > 1IMHz
eg. Imaging ultrasound, NDE, therapeutic ultrasound

Power ultrasonics: usually 20 — 100 kHz

eg. cleaning, metal forming, food processing, welding,
machining, cutting, surgery

Power ultrasonic devices are usually tuned to resonate at
the operating ultrasonic frequency, often in a longitudinal
mode of vibration, and are therefore constructed from one
or multiple half-wavelength components.
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Ultrasonic cutting blades

Piezoelectric
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Cutting Blade
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35kHz and 20kHz tuned ultrasonic cutting
blades manufactured in titanium

50kHz tuned ultrasonic cutting blade and handpiece
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, Cutting at 0.4mm/s Cutting at 5.8mm/s
// Direction of cut

Six thermocouples are positioned in the specimen at
three different points along the cutting axis. The
closest probes (1, 2 and 3) are 1 mm, and the others
(4, 5 and 6) are 2 mm from the cutting axis.
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University Debond finite element model of cutting
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E}-flléifmity 2D and 3D Ultrasonic Cutting Simulations

dSgOwW

Blade temperature in 3D fully
coupled thermal stress FE model

Uses Abaqus explicit solver . .
f P of ultrasonic cutting

Utilises symmetry about cutting plane

Uses shear failure criterion in plastic
region of stress-strain curve

Uses adaptive meshing if required
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Bar Horn of Constant Section High Gain Blade

Nodal plane is highest stressed section Nodal plane

)

1
1
1 1
1 1
L
1 1
10 1 1
| -
—e Displ. | e—e Displ. Lo
1 1
+—= Stress l +—+ Stress o
0.0€ - ____ : ________ 0.5 E E
1 1

| :
| 1
| s

: ()0 W ni— .'/

10000z 007 006 Lo L -
G ' ' 0.00 ~ 002 7 0.04 0.06
* In a cylindrical horn the longitudinal node « The highest stress occurs at the end of the blade

corresponds to the highest stressed section. tapering because of the steep section reduction.
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Mectron ultrasonic osteotome

Ultrasonic Bone Cutting System
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Hand-piece with cutting insert

Ultrasonic cutting inserts (Mectron tips)




Ultrasonic Inserts

Insert tip
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insert

Cylindrical
tang

Shank

Insert for implantology
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Insert for bone cutting




niversity
f Glasgow

Experimental and FE Modal Analysis

FE predictions for the
nominal mode

f= 25890 Hz

EMA using 3D LDV:
nominal mode

f = 25615 Hz f=25890 Hz
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Experimental and FE modal analysis
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Principal parametric resonance

e Primary response measured at three excitation levels
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« System driven at 35.29 kHz
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Stabllity regions
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For the single blade system, mode combination Il
has a lower threshold and wider unstable region
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Nonlinear response by in-plane ESPI
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ESPI measured in-plane nonlinear response of an ultrasonic cutting blade
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Mectron Transducer connected to cutting insert

(a) Continuous excitation
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