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Ultrasonic devices

m—\\/\WWW.U-SONIC.IU

Electrical Ultrasonic
- Ultrasonic eneroy Processing
devices ) mediums:

US devices: convert electrical energy to
ultrasonic energy.




m—\\/\WWW.U-SONIC.IU

Two main elements of ultrasonic devices

1. Ultrasonic
generator

Matching
condition

@ generation a voltage with
a resonance frequency of the
vibratory system

@ provide enough voltage
on the vibratory system

@ provide electrical
matching generator and
vibratory system

2. Ultrasonic
vibratory
system

Vibratory system
parameters.

1. Resonance frequency
2. Quality factor

frequency

4. Limit power

3. Impedance on resonance

4

4



Ultrasonic vibratory system
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Basic elements of vibratory system:

O electromechanical transducer—

O piezoelectric type
0 magnetostrictive type
O elements for mounting

O sonotrode —

O booster —

O working tools

The vibratory system determines the all main
parameters of the generatorsl!



Ultrasonic electronic generators
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basic requirements to electronic generators :

O required power reserve.

O frequency reserve.

K power control.

O frequency control.

O optimal matching to vibratory system.

A electrical and thermal protect system.

[ sinusoidal shape voltage on vibratory system .



Structure of ultrasonic electronic generator
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Uin

Control system: - manual;
- automatic;

- automatic (based on microcontroller)

. Input power circuit.

2 | High-frequency converter.

3| Matching circuit.

4| Controllable low voltage generator of ultrasonic frequency

Uin, Uout - input and output voltage of electronic generator



"1 Input circuit of ultrasonic generators
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D% D2

~220V T CJ +0..310V
D3 D4
51
Cxema ynpaBneHus
D1 D2 D3
sty C:: +0...540V
D4 D5 D6
11 11 11
‘C I_‘ CxeMa ynpaeneHns ‘
D1 D4 KKM
~220V ©l +as0v
D2 D3
-

controllable single phase
rectifier

controllable 3 - phase rectifier

single phase rectifier with PFC
circuit

B - Input voltage
I - Input current

\

/




2
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High-frequency converter

Half-bridge

ynp.1

+Un

Full bridge

Ynp.2

Active element of high-frequency converter

+Un

O discrete bipolar transistor
O discrete MOSFET transistor
O discrete IGBT transistor

O IGBT modules
O IPM modules

Z - ultrasonic
vibratory system




3 The matching circuits between generator and
vibratory system
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Transformer matching circuit with Generator <<M$s;r‘§r59rgc>>fwith manually
adjustable inductor marching inaucror

TpaHcdopmaTopHasa cxema cornacoBaHus
C nepecrpavBaemMbIM LPOCCENEM

'
:al t Q% *

C Z

9%

CY - inductor control system
3l - electronic generator
Z - ultrasonic vibratory system

[ Inductor with movable core by step motor j%

10




4 Low voltage generator
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4 )
Generator type: Low voltage
Cpntrol :> _ analog: ‘ signal of
signal ' _ digital. ultrasonic
frequency
\§ J

Basic requirements:

- ability of frequency adjusting;

- required range of frequency adjustment.

11



Control system of ultrasonic generator
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Microcontroller
(Atmel, STM)

Software

Function of microcontroller:

Power control.

Amplitude control.

Frequency control:

- mode of search for the resonant frequency;
- mode of frequency lost detection;

- restart mode;

- mode of mechanical error detection.
Mode of electrical overload detection.
Communication with control panel.
Communication with external device.
Define work logic of the device as a whole.
Other functions.

12



Destabilizing factors affecting to ultrasonic devices
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Temperature

Acoustic
load Other factors
Ultrasonic

I
1 N

Dynamics
changes
properties of
acoustic load

Instability of
power supply

Type of

acoustic load

13



Main system and elements of ultrasonic generators
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Frequency
control
system

Oscillator

Power control

+

system

Acoustic load

14



Areas of ultrasonic generators usage
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Main parameters
of ultrasonic

Ultrasonic technology

generators envizansmen + Solid environment | Liquid environment

Frequency range: |1. Foam 1. Drilling 1. Extraction

up to 140 KHz. |destruction 2. Welding of 2. Emulsification

Power range: 2. Coagulation metal 3. Dispersion

up to 5 KW. 3. Drying 3. Welding of 4. Processing of
plastic metal melts
4. Cutting 5. Acceleration of
5. Metal chemical reactions
processing

15




Main function of electronic parts of ultrasonic
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generator

Main board

(UVT-1, UVT-2, UVT-3)

Features:

«Control unit:
*Microcontroller type:
«Amplitude stabilization:
External control:
*Resonance loss restart
system:
Oscillation system type:
*Power supply :
«Automatic frequency
control system:
Vibratory system parameter
monitoring system:
*Power measuring:

microcontroller;
stm32f103;

YES;

YES;

yes,
piezoelectric;
AC power,

YEs;

yes;
yes;

16



Types of arrangement of electronic generators
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Single-board generator Modular generators

High-frequency
Power supply module inverter

Matching modules

b

Main board Power regulator module

17




Typical circuit solutions
of the main board of
electronic generators



Switch-mode step-down power regulator
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~220V o— T o ®
| LT 4L

- Ot T s & 2T +0..340V

1 — microcontroller;
2 — control program

19



Circuit of switch-mode step-down power regulator
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YD 3 |_<:] [ L1
oy e — to high-frequenc
/_I_ —— W1 _:”_{‘i- F<‘3_|_ jg —_— — g q y ]
=) |v inverter of ultrasonic
generator
B W Tl
- %i . : - frequency of PWM
2 ] m o - control signal is 60kHz
<|o|o|- |5 - APFC factor = 0.8
‘ H”\ Ptk Signal
H iy, ~
s PWM control
L signal

to single-phase AC
power line 20



Thyristor power regulator
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®
l D1 D3
L VS
~220V \ —o .
+
T L D2 C== +0...340V
® o
1
~ 2
—n
dl5 2

1 — zero crossing circuit;
2 —microcontroller;

3 —control program.
21



Circuit of single-phase thyristor power regulator
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to single-phase

1
1 1
| vor ' | . —=
I o+ vz = |- =|.1 | to high-frequency inverter of
w N E T __: ultrasonic generator
AC power line ‘ I
1

1
1
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old |

= PEGSIKCP1 DB‘UDC“h\j—‘
R33
R
. . 4
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Three-phase power regulator thyristor switch unit

m—\\/\WWW.U-SONIC.IU

to high-

frequency
inverter of
ultrasonic
generator

L1

D5
E .
1
D2
K1.2
/-——GI

to three-phase
AC power line

=
1

1
AL
HH+

J1
<
<
]

@

23



Circuit of control unit of three-phase power
regulator
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DDDDD

I - -;
+ x1
I e R I KioeT =
~ 1 it
A1 T L, - = 7
- — N = -+ b}
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C= I c O
L * —
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A1 - synchro-pulse generation unit;
A2 — microcontroller unit;
A3 — switches unit



Switch-mode step down regulator with APFC

high-
=) =) 7 m) frequency
Inverter
1 -APFC;

2 — Switch-mode step down
regulator;
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single-phase
AC power line

- APFC frequency no more 90 kHz;

- frequency of PWM control signal is
60kHz;

- APFC factor = 0.99.

25
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APFC circuit

] i: _I_"E? 153 ¥
— 1
to single-phase m‘“" won
AC power line | ﬁ
T rirtles 2 e =
T T T |
L
é%z to high-
frequency
inverter of
ultrasonic

generator 26



Typical circuit of half-bridge inverter with driver
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To power
regulator

To matching
circuit with

x

KowkT

vibratory system

Power supply
source

*8 [

KowkT AL +5TU

Al - transistor half-bridge;
A2 - transistor half-bridge driver;

27



Matching circuit of vibratory system with output of
electronic generator
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L, C, TR - parts of matching circuit; 5 dF
ZQ - transducer of ultrasonic |
vibratory system;

Fm - frequency of mechanical
resonance;

Fe - frequency of electrical resonance;

Fm Fe



The circuit of feedback signals of the ultrasonic
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to output of high-

frequency
inverter of
ultrasonic
generator

To vibratory

system

[~ ]

1 - a signal proportional to the current
amplitude of the mechanical branch of a
vibratory system;

2 - a rectangular signal, the frequency and
phase of which correspond to the frequency

o8 EE] L FonT
_ﬂll 4 22 D el ;
| | =
| Il —— 1 3
g~ ) ' 4
3 T4
Ra Ri@ J_
1 +Ey
vDE
KT
R11
] mi \EJ T o mad
%] 21 L I
A3 T
cEr o R4 e [> aut & - H
a
Lol ? L
C3E A1 =l _12V=-
__ll I 3, ! . -
m7 coE |+ Cog ¥ s tl
- - T T T
13y
R1g —— 2 N
- w7 k'l"l@?
Rz Rz
Rz |’LFC [> | an® s ' Ej_
a
1oy
Rzd 2 Luz -
- = —upd
E g cim| t cam
_— |1" -

and phase of the current of the mechanical

branch of a vibratory system; 29



Monitoring circuit of vibratory system power
consumption
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To vibratory
system

|
|
|
1
|
|
A

-2 +13Y

e
1
4
3 P
q
W

4|
|4_12_v 1A3 |
f - L; *— Signal proportional to

z

the measured power

3

AP

9q

To output of
generator

Al - normalizing amplifiers;
A2 - Analog multiplier AD633;
A3 - Peak detector

- 30




Ultrasonic generators
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Up to 2000W More 3000W

Up to 500W

Generators combined with
actuators

Up to 100W

—~——
SN
<~




Monograph about ultrasonic devices
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