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Abstract— This  article  is devoted to making and usage of a 
specialized measuring complex for speed up of adjustment and 
diagnostic process of ultrasonic generators. The results of usage 
of a complex on specific targets are presented.

I.INTRODUCTION

HE  modern  ultrasonic  (US)  generators,  it  is  the 
electronic  devices  conversing  energy  of  electrical 

network  in  energy  of  electrical  oscillations  of  ultrasonic 
frequency.  The  basic  demand  to  electronic  generators  it  is 
guaranteeing of stable operation on a resonance frequency of 
ultrasonic  oscillatory  system  at  any  loadings,  irradiated 
powers, type of connected oscillatory system and kind of the 
used working tool. At the same time the area of application of 
ultrasonic devices is headily amplified. Demands to operating 
characteristics  of  ultrasonic  devices  headily  grow.  For 
sufficing  these  demands  it  is  necessary  to  optimize  a 
construction of ultrasonic oscillatory system (UOS) for each 
field  of  application.  Therefore  parameters  of  oscillatory 
systems essentially vary (quality factor, resonance frequency, 
presence of the ghost resonances, responsivity to influence of 
ultrasonic load, etc.).

T

Because  developed  oscillatory  systems  have  specific 
features it  is necessary to adjust operating modes of control 
systems of electronic generator (system of phased-locked loop 
- PLL, systems of stabilization  of oscillation  amplitude and 
irradiated power).

For  qualitative  control  of  operating  modes  of  ultrasonic 
device,  it  is  necessary  to  inspect  about  ten  electrical 
parameters.  These  are  parameters  of  the  generator,  and 
indirectly  describing  parameters  of  ultrasonic  oscillatory 
system.

For  simplification  of  adjustment  of  ultrasonic  generator 
systems,  optimization  of  their  operation,  both  in  no-load 
conditions, and in operating conditions, there was a necessity 
of  development  of  a  measuring  complex.  The  primary 



function of a measuring  complex is emulation  of ultrasonic 
generator  operation,  with  a  possibility  of  simultaneous 
measuring  parameters  of electrical  signals  of the  ultrasonic 
generator,  and  system  of  recording,  with  the  purpose  of 
postprocessing  of  generator  parameters  measured  by  its 
operation in real conditions.

II.DESCRIPTION OF MEASURING COMPLEX

The  measuring  complex  consists  of  measuring  unit  of 
electrical  parameters  (electrical  schematic  diagram  of 
measuring  circuits  is presented in  Fig.  1) and the software. 
The software is intended for recording and processing of the 
measured  information,  control  of  operating  modes  of 
measuring unit and the ultrasonic generator.

Fig. 1. Electrical schematic diagram of measuring circuits.

The  scheme  of  connecting  of  a  measuring  complex  is 
presented  in  Fig.  2.  The  developed  measuring  complex  is 
connecting to "breakage" of power supply cable of ultrasonic 
oscillatory system and  to diagnostic  connector  of ultrasonic 
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generator.  Thus  all  signals  influencing  on  operation  of 
ultrasonic  generators  transit  immediately  through  a 
measuring complex.
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Fig. 2. The scheme of connecting of a measuring complex
Such  connecting  ensures  a  possibility  of  monitoring  of 

following parameters and signals:
1. The signal of a reference frequency removed from exit of 

a master oscillator. The signal has the square-topped form, is 
numeral and immediately uses a measuring complex;

2.  The  feedback  signal  which  is  selected  by the  special 
differential  circuit.  Amplitude-frequency  characteristic  and 
phase-frequency  characteristic  which  correspond  to 
amplitude-frequency  characteristic  and  phase-frequency 
characteristic to oscillatory velocity of UOS working surface;

3.  The  signal  proportional  to  voltage  on  piezoceramics 
elements  of  oscillatory  system.  There  transits  through 
arranged  immediately  in  a  measuring  complex  the  peak 
detector and the amplifier with rectifier circuit (Fig. 1, signals 
U and freq_U);

4.  The  signal  proportional  to  a  current,  consumed  by 
oscillatory  system.  There  transits  through  arranged 
immediately in  a measuring  complex the peak detector and 
the  amplifier  with  rectifier  circuit  (Fig.  1,  signals  I  and 
freq_I);

5. The signal  from a numeral  temperature sensor attached 
on piezoceramics of UOS.

Thus immediately, and an indirectly monitoring following 
parameters is carried out:

1. Value of voltage on oscillatory system. It is proportional 
to value of signal U (Fig. 1);

2. Value of the current  intensity, consumed by oscillatory 
system. It is proportional to value of signal I (Fig. 1);

3.  Frequency  of  voltage  on  oscillatory  system.  Value 
inverse to period of signal freq_U (Fig. 1);

4.  The  difference  of  phases  of  voltage  and  current  on 
oscillatory system. It is proportional to a delay between fronts 
of two digital signals, freq_U and freq_I (Fig. 1);

5.  The  difference  of  phases  between  two  any  periodic 
signals  (from the  basic  oscillator,  a  feedback,  a  current  or 
voltage on a oscillatory system). It is proportional to a delay 
between fronts of two digital signals;

6.  Value  of  temperature  on  piezoceramics  of  oscillatory 
system.  It  is  evaluated  depending  on  received  value  from 
numeral temperature sensor.

Specially  designed  software  for  a  personal  computer  is 
intended  for  control  of  measuring  complex  operation, 
recording  and  processing  of  the  received  information. 
Connection is carried out by means of RS-232 protocol. The 
Software has a graphic interface, and following possibilities:

1. Receiving data are screened on display of PC in the real 
time  mode  in  the  form  of  graphs  (with  a  possibility  of 
automatic scaling). It is possible to increase or decrease of the 
definite part of graphs;

2. There is a possibility of data processing by algorithms of 
filtration (for example "sliding" filtration, average on several 
points, and deletion of a sign).

3. There is a possibility of save of measuring results in the 
form of a file of «csv» format.  In the further the file can be 
loaded in software.

The measuring complex can work in two modes:
1. Measuring and recording of parameters. Thus control of 

the generator is carried out the regular  microcontroller.  The 
measuring  complex  has  a  possibility  to  change  primary 
parameters  of  generator  operation  (power,  time  of  work, 
start/stop of the generator);

2.  Control  functions  by  the  ultrasonic  generator  are 
completely  fulfilled  by  a  measuring  complex  (emulation 
mode). 

The first mode is applied when it is necessary to receive the 
information on parameters of the ultrasonic generator, in real 
time  mode,  during  some  period.  This  mode  can  use  for 
visualization  and  correctness  checkout  of  operation  of 
electronic generator systems.

The second mode is intended to:
1. Receiving  amplitude-frequency  characteristic  of 

oscillatory systems parameters;
2. Emulation not standard control modes of generator;
3. Trials in different modes and conditions.

III.THE RESULT OF MEASURING

During  of  adjustment  process  small-size  ultrasonic 
technological  devices  "Volna"  the  following  was  revealed. 
Keeping  accuracy  at  resonance  frequency  greatly  fall  at 
decrease  of  supply  voltage  of  ultrasonic  oscillatory  system 
below  some  value.  At  set  of  work  power  of  ultrasonic 
generator,  in  value  of  50-60  %,  periodically  there  was  a 
restarting because of break-down from a resonance frequency. 
For definition of a reason of a similar  effect, by means of a 
measuring  complex,  a  series of measuring  has been carried 
out.  Frequency  dependence  of  voltage  on  electrodes  of  a 
piezoceramics  have  been  received,  at  different  values  of 
supply voltage UOS. Results  of measuring  are  presented in 
Fig.  3.  As a  result  of the  analysis of the  received data  the 
following suppositions have been proved:

1.  At  decreasing  of  UOS supply  voltage,  the  resonance 
frequency of oscillatory system is decreased;

2.  At  decreasing  of  UOS  supply  voltage,  its  resonance 
properties  vary.  At  the  some  voltage,  resonance  properties 
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disappear practically completely. Thus there is a necessity of 
minimum value limitation of UOS supply voltage. It leads to 
a contraction of adjustment range of ultrasonic devices power.
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Fig. 3. Frequency dependence of voltage on electrodes of a piezoceramics 
of UOS, received at different value of supply voltage.

For "ideal" oscillatory system on resonance frequency the 
reactive  component  of  impedance  practically  completely 
disappears. Value of difference of phases between voltage and 
current  on oscillatory system to be aimed to null.  Therefore 
the  contribution  to  value  of  total  power  of  the  active 
component of power considerably exceeds the contribution of 
reactive component of power. 

Parameters  of  "real"  oscillatory  systems,  sometimes, 
considerably  differ  from  "ideal".  So  during  adjustment  of 
ultrasonic  technological  devices  «Bulava»  there  was  a 
necessity  for  searching  criterion  of  determination  of 
resonance frequency and criterion keeping on it. In Fig. 4 the 
frequency dependence of voltage and  current  on oscillatory 
system,  difference  of  phases  between  them,  and  as  active 
component  of  power  consumed  by  oscillatory  system  are 
presented. Measuring of voltage, a current  and difference of 
phase  was  made  by means  of  a  measuring  complex.  The 
active  component  of  power  was  determined  under  the 
following formula:

( )ϕcosUIPact = (1)
where U - voltage on oscillatory system;
I - current on oscillatory system;
ϕ - difference of phase between current and voltage.

At operation on frequency distinct from resonance (interval 
1),  voltage  and  current  on  oscillatory  system  remain 
stationary values,  as  well  as  a  difference of phase  between 
them. The Active component of power is close to null as the 
difference in phase between voltage and a current is aimed to 

90o,  and  the  complete  impedance  of oscillatory system has 
reactive  character.  At  an  approximation  to  resonance 
frequency  (interval  2),  voltage  and  current  on  oscillatory 
system  has  the  minimum.  It  happens  because  the  active 
component of impedance of oscillatory system is increasing. 
The difference of phase between voltage and current  for this 
reason  is  decreased.  The  active component  of power  has  a 
minimum, but distinct from zero value. On interval 3 there is 
going  away  from  a  resonance  frequency.  Parameters  are 
aimed  to  accept  values  corresponding  to  beginning  of  1 
interval. Then it was artificial it is decreased (for example) a 
supply  voltage  of  oscillatory  system  (interval  4)  therefore 
value of voltage and current on electrodes of piezoceramics of 
oscillatory system is decreased,  and  the  difference of phase 
between them remains to a stationary value. 

Difference of phase between voltage and currency
Voltage on UOS
Currency on UOS
Active component of power

Fig. 4. Frequency dependence of voltage and current on UOS, difference of 
phase between them and active component of power

As analysis result  of dependence presented on Fig.  4, the 
following  has  been  proved.  Lack  of transition  via  zero  or 
equality to null of a difference of phase between voltage and 
current  on oscillatory system. The relative modification of a 
difference of phase on a resonance frequency approximately 
equal 15 %. At primary adjusting of ultrasonic generator by 
means of the dual-trace oscillograph, visual definition of such 
minor  modification  of  difference  of  phase  represents  the 
significant complexity.

In  Fig.  5  the  chronology of  modification  of  parameters 
(voltage,  current  on  oscillatory system,  difference  of phase 
between  them  and  current  operating  frequency),  during  a 
ultrasonic welding of thermoplastic material is presented. The 
welding  carried  out  by  means  of  complete  for  ultrasonic 
welding  of  thermoplastic  materials  «Giminey  -  ultra  2». 
Measuring was made by a measuring complex in emulation 
mode.  The  algorithm  of  power  regulation  has  been 
disconnected.

During  ultrasonic  welding,  there  is  emolliating  of 
thermoplastic  material.  The  ultrasonic  loading  on  UOS is 
changed.  It leads to modification of electrical  parameters of 
UOS  (current  and  voltage  on  electrodes  of  piezoelectic 
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elements  of oscillatory system presented  on  Fig.  5).  Small 
increasing of difference of phase between voltage and current 
is observed.

Currency Difference of phase Voltage Frequency

Fig. 5. Measuring of parameters during welding thermoplastic material.

With  the  purpose  to  determine  criterion  of  deriving  of 
qualitative welded joint,  series of measuring has been made 
under  different  conditions  of holding  of ultrasonic  welding 
(changed hold-down strain, time of welding, etc.).

IV.CONCLUSION

Result of the lead researches effectiveness of application of 
developed measuring complex has been proved at adjustment 
and diagnostic of ultrasonic generators, at developing phased-
locked loop system, and testing of ultrasonic devices.

Due to developing  of measuring  complex on the modern 
element  basis  begins  possible  to  discover  even  minor 
alterations of parameters. At usage of analog device it would 
represent the significant complexity.
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