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1.  Introduction  

 

This installation and operation manual contain  important and necessary information 

for the correct use and maintenance of the PiezoClamping prestress and charge meter 

for piezoelectric ceramics . 

 

Read this manual carefully before using the equipment. Its misuse 

can compromise results and cause damage.  

 

PiezoClamping allows measuring the prestress in piezoelectric ceramics of ultrasonic 

transducers and converters during the assembly and tightening processes. 

PiezoClamping assists the user in  a practical and accurate way by providing the real -

time pre stress applied to piezoelectric ceramics as they are progressively compressed. 

PiezoClamping also provides real - time electric charge values generated by piezoelectric 

ceramics.  

Besides the main purpose of instructing the user on how to  install, set and operate the 

PiezoClamping equipment, this manual also aims to contribute to a better 

understanding of the basic concepts of ultrasonic engineering and of the usual 

transducer and converter manufacturing procedures.  
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2.  Definitions and s y mbology  

2.1.  Definitions  

Ultrasonic t ransducer or converter:  Resonant  

element used to convert alternate electric energy into 

ultrasonic vibration  with a specific frequency . 

ñTransducerò is a general denomination; ñconverterò is 

a denomination for the ultrasonic welding area.  

The transducer is composed of piezoele ctric  ceramic 

rings compressed between metallic parts connected by 

a bolt ; the electric contact is done through electrodes. 

This type of transducer, also known as the Langevin -

type [1], was originally developed for sonar 

applications and it had  its use later ex panded to 

industrial applications for ultrasonic welding and 

cleaning  [2] . 

 

 
 

Typical power ultrasonic 

transducer/conver ter  

Piezoelectric ceramic:  It is the active element that 

converts electric energy into ultrasonic  vibration in 

ultrasonic transducers and converters. They are 

normally employed in the shape of rings with flat and 

metal ized  surfaces.  

The sensitivity of a piezoelectric ceramic piece is 

specified by the charge constant d 33 .  

 

 

 
Typical piezoelectric ceramic 

piece . 

 

Piezoelectric charge constant d 33 :  The coefficient  

between the total electric charge generated and the 

force applied to the piezoelectric ceramic. The usual 

charge constant  per unit d 33  is pC /N ( picocoulombs per 

newton ). Typical values for the most common PZT 

ceramics:  

-  PZT-8 (Navy type III) : 2 45  ± 35 pC/N  

-  PZT-4 (Navy type I) : 290 ± 35 pC/N  

-  PZT-5A: (Navy type II): 390 ± 35 pC/N  

 

For exact values of the piezoelectric charge constant 

d33 , check with the manufacturer or perform the 

measurement with a constant d 33  meter. PZT -8 is 

commonly used in ultrasonic welding converters and 

PZT-4, in transducers , for ultrasonic cleaning.  

 

 

    
 

Ὠ
ὗ

Ὂ
 

 

Charge constant  d33 . 
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Piezoelectric Ceramics prestress : Prestress is the tightening applied to the 

piezoelectric ceramics of power ultrasonic transducers during assembly. Its function 

is to simultaneously maximize the operating power and the mechanical coupling  of 

the ceramics, besides ensuring that these do not move when  vibrat ing . 

The optimum pre stress  essentially depends on the maximum mechanical stress 

supported by the piezoelectric material [3,4] and not on its dimensional aspects, as 

it occurs with the optimum tightening torque that varies with  the area of the 

ceramics , and with  the friction coefficient of the  bolt  with the metallic masses. The 

typical values as a function of the piezoelectric material are 45 MPa , for PZT -8 

ceramics used in welding converters and medical equipment ;  and 35 MPa , for PZT -

4 ceramics used in ultrasonic cleaning transducers.  

Prestress is a key factor for the lifespan, maximum power and efficiency of the 

transducer. Nonetheless, the excess of prestress changes the prop er ties of the 

ceramics and can cause crushing . On the other hand, t he lack of it causes  the lateral 

displacemen t of the ceramics , leading  to the occurrence  of cracks, electric arcs and 

short circuits.  

 

 

 

2.2.  Symbology  

 

Attention! 

Danger!  
VAC  

Volts alternating 

current  
VA  Volt -Ampere  

VDC  
Volts direct 

current  
I 

Switches the 

equipment  on  O 
Switches the 

equipment  off  
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3.  Applications, testable elements, electric con n ection and tools  

3.1.  Applications  

PiezoClamping is a robust and easy - to -use solution to manufacture, recover and 

develop power ultrasonic transducers and converters . Its functions and characteristics 

have been designed to offer an accurate and standardized procedure for the 

assembling process and prestress application in the following sectors:  

¶ Manufacturers of power ultrasonic machines and equipment.  

¶ Repair service p roviders of ultrasonic welding machines and power ultrasonic 

equipment in general.  

¶ Research groups, educational institutions and R&D departments.  

 

 

3.2.  Testable elements  

PiezoClamping can be used to measure the prestress of Langevin - type [1] piezoelectric 

tra nsducers and converters and of similar devices in which prestress is applied to 

piezoelectric ceramics, such as the followings:  

¶ Converters for ultrasonic cutting and welding machines . 

¶ Transducers for die polishing machines.  

¶ Transducers for ultrasonic cleaning machines and equipment.  

¶ Tubular transducers for sonoreactors, sono chemistry and biodiesel processing.  

¶ Ultrasonic transducers for dental, medical  and esthetic equipment.  

 

3.3.  Electric connection  

PiezoClamping must be connected to the transducer using  the test probe that comes 

with the equipment and ha s the configuration parameters set  for the specific 

characteristics of ceramics of the transducer being assembled.  

 

The alligator clips must be connected to 

the transducer electrodes or to the 

wires attached to them , as shown in the 

photo . The red clip  must be connected 

to the positive electrode (live) and the 

black one  to the electrode in electric 

contact with the meta llic masses  

(ground ) . 

 
Connect the terminals of the 

transducer o r  converter to 

PiezoClamping before tightening.  

A high voltage discharge may 

damage the equipment.  

 

Electrical connection between PiezoClamping 
and the transducer.  
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3.4.  Tools  

The tightening of transducers and converters can be done by using a key or a torque 

wrench set  for a torque equal to 120% of the average torque value to achieve the 

desired prestress. Using a torque wrench is optional and it aims to  protect the bolt  

from excessive tightening in the case of it stuck . It is also recommended using a vise 

or similar equipment that allows fixing the transducer to avoid rotation during 

tightening without damaging it.  

 

 

PiezoClamping connected to  control the prestress of a converter.  

 

 

Do not connect PiezoClamping to ultrasonic power generators  or to 

energized circuits because it will get damaged. PiezoClamping 

must be connecte d to passive elements only.  
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4.  Operation  principles and measur ement  ranges  

4.1.  Operation  principles  

The operation principles of PiezoClamping consists in integrating  the electric charge 

generated by the piezoelectric ceramics during the transducer or converter tightening 

and  then , based on the charge constant d 33  and other characteristics of the ceramics , 

the prestress is calculate d in MPa. When compressed, piezoelectric ceramics generate 

an electric charge proportional to the compression, and this proportionality is given by 

the charge constant d 33 . PiezoClamping employs an advanced measurement process 

that provides a reproducible result, stable over time and independent of the tightening  

speed. The user can change the tightening  speed and pause the process with  no  

significant loss of data . PiezoClamping also reports the total electric charge in mC. 

 

 

  

Example of the measurement and results screens presented by PiezoClamping: pre stress  in 

MPa, with the proportional bar graph  on the left ;  and total electric charge measured in mC on 

the right.  

Note: One of the traditional approaches for prestress control consists in monitoring  the 

tightening torque of the bolt . Nevertheless,  this method presents low accuracy because 

the ratio between torque and pre stress  varies drastically as a function of finishing 

surface, lubrication and possible stucking  [5]. Another traditional approach involves 

using  a capacitor with a voltmeter to measure the electric charge generated during the 

tightening . This arrangement is better than the control by torque  only , but it also 

presents low accuracy because the charge generated by the ceramic and stored by the 

capacitor is consumed by the meter ,  making the measurement unstable . A dditionally , 

the obtained value is an electric voltage proportional to the force and it is necess ary 

to perform calculations to determine the pre stress  [4].  

 

4.2.  Measur ement ranges  

The PiezoClamping prestress measurement range goes  from 0 to ± 99.9 MPa and the 

charge  range from 0 to ±999.9 ȉC. The pressure and charge indication will be negative 

if the screw is loosened instead of tightened, or if the test leads are inverted.  

PiezoClamping is suitable for  testing transducers and converters that use  from 1 to 8 

piezoelectric ceramics in their assembly , with the d33  charge  constant between 1 and 

999 pC / N.  To facilitate  its use, PiezoClamping displays the pre stress value in MPa and 

also its modulus in percentage referenced by  the target pre stress  set  by the user.  The  

percentage informati on is provided by means of the target bar graph  with ten 

rectangles ( from 0 to 100% , with steps of 10%) . 

In addition to the target bar graph , the display also has a two -dimensional Speed/Vin 

bar graph  in its bottom  right corner , where the horizontal variation is linearly 

proportional to the tightening  speed ( Speed ) and vertically proportional  to the input 

voltage. The Speed /Vin bar graph  only appears during the tightening process (whil st  

there is electric charge movement).  
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Example of a screen displayed during the measuring process.  

 

 

The Speed/Vin bar graph  should not reach its limits whilst the 

prestress is being applied . If that occurs for the S peed, the user 

will be alerted by a beep ing  noise ; if it occurs for the  Vin, the 

message "overload" will be displayed and the measure ment  will be 

aborted.  

 

PiezoClamping comes with  a self -protection system that activates a safety relay for  the 

discharge of piezoelectric ceramics whenever the input voltage is exceeded (when the 

vertical dimension of the Speed /Vin bar graph  reaches its  full scale). In th at case, 

PiezoClamping restarts the measurement automatically by disregarding  the pre stress 

and electric charge  data . In addition, the OVERLOAD screen ( pictured below) is 

displayed and a warning  sound follows . 

 

Screen accusing overload.  

 

 

 

 

 

 

 

Bar graph 

ά¢ŀǊƎŜǘέ 

2D Bar graph 

ά{ǇŜŜŘκ±ƛƴέ 

Prestress in MPa 
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5.  Parts, accessories  and optional items  

PiezoClamping is provided with the items described next.   

 

Parts:  

01 -  PiezoClamping -  Prestress and charge meter for piezoelectric ceramics . 

 

Accessories :  

02 -  1.8 -meter t ri -polar power  supply  cable (standard ABNT NBR 14136:2012).  

03 -  1.0 -meter probe with alligator cl ips . 

04 -  Connector for the PLC Interface.  

05 -  I nstruction Manual.  
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6.  Technical specifications, el ement sô identification and installation  

6.1.  Technical specifications   

Measuring and precision range  

Prestress   ................................ ................................ ..........  0.0 -  ± 99 .9 MPa  

Electrical charge   ................................ ................................  0.0 -  ± 999 .9 µC 

Precision  ................................ ................................ ..........  ± 1 %  

Accuracy   ................................ ................................ ..........  ± 3 %  

Setting parameters  

Trigger  voltage    ................................ ................................  0.4 -  10 .0 mV  

Outer diameter  ................................ ................................ .  1.0 -  99 .9 mm  

Inner diameter  ................................ ................................ ..  0.0 -  98 .9 mm  

Number of piezo ceramics   ................................ ...................  1 -  8 

Charge constant  (d33 )  ................................ ........................  10 -  999 pC/N  

Target prestress  ................................ ................................ .  1.0 -  99 .9 MPa  

Prestress time    ................................ ................................ ..  0.1 -  10 .0 second s 

Dimensions  input mode    ................................ .....................  T. sizes and Custom  

Calibration (Z settting ) éééééééééééééééééééééééé 0.950 -  1.050  

Other specifications  

Electrical shock  protection   ................................ ..................  Class I  

Protection level  IP  ................................ .............................  IP40  

Operation mode   ................................ ................................  Continuous  

AC input   ................................ ................................ ...........  90  -  260 VAC  

Frequency  ................................ ................................ ........  50 -  60 Hz  

Maximum power consumption  (stand by )  .............................  16 Watts rms  

Maximum  power consumption  ( in operation )  ........................  50 Watts rms  

Equipment dimensions  (L x P x A)  ................................ .......  260 x 250 x 100 mm  

Packaging dimensions  ................................ .........................  370 x 330 x 140 mm  

Equipment weight without packaging  ................................ ....  3.8 kg  

Equipment weight with packaging  ................................ ........  4.4 kg  

Working temperature range  ................................ .................  From  -10 to + 45  °C  
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6.2.  Elements identification  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1] PIEZOCERAMIC Connector : BNC-
type con nector for connecting the test 

element. The maximum input voltage is 
±10 VDC  
 

[2] Display : Alphanumeric i nterface  of  2 
lines by  16 characters.  

 

[3] SELECT  push button : Pushbutton -

type of button to choose between the 
MEASURING screen and the other 
CONFIGURATION  screens available.  

 

[4] and [5] pushbuttons ñƶò ( up )  e 
ñƸò ( down ) : Pushbutton - type of 
buttons  to increase and decrease  values. 
The "MPa" or "ȉC" options can be 
selected  from the MEASUREMENT screen . 

In the CONFIGURATION  screens, you can 
increase, decrease and select values.  

 

[6] START  push button : Pushbutton -

type of button  to start a new 

meas urement. Each time it  is pressed, 
the system automatically performs the 
"tare" of the equipment for a new 
measurement procedure.  

 

[7] ñSWITCHò key : Key to switch the 

equipment  on and off.  

 

[8] AC IN: Input co nnector fo r the 

power supply  cable (90 -240 automatic 

VAC ï 50/60Hz)  

 

[9 ] TAG :  Code, model and serial number 

of the equipment.  

 

[10 ] PLC Interface : Connector for 

external communication using PCL. 

 

[1 1 ] Side handle: handle for handling 

and transportation.  

 

[1 2 ] Tilt legs : Removable legs located 

on the front feet for the frontal  elevation 

of the equipment.   
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6.3.  Installation  

Minimum requirements:  

¶ Firm, flat and spacious enough b ench for the PiezoClamping equipment and 

transducers to be mounted.  

¶ Electric power outlet  of  90 -260 VAC 50 -60 Hz , with grounding. If the mains are  

not grounded, use an isolating transformer  for safety.  

¶ Vise or similar equipment fixed to the bench to hold the transducer front mass 

during tightening.  

Step -by -step procedure :  

Step 01  Place the equipment on the workbench and set  the tilt legs  [12] to the most 

appropriate position for visualizing  the display.  

 

 

Step 02  Connect the power supply cable  to the AC IN connector [8] on the rear 

panel and into a properly grounded outlet or a stabilizing isolator.  

Step 03  Connect the BNC connector at  the end of the probe supplied with the 

equipment to the PIEZOCERAMIC connector [1] located on the left side of  

the front panel.  
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7.  Configuration , measurement and flow chart  

7.1.  Equipment configuration for the transducer set to be measured  

Step 01  Switch the equipment on using the SWITCH [7] key located on the rear 

panel . The opening  message will be presented first, and then  it will be 

followed by the initial measuring screen in MPa.  

               

Step 02  Press SELECT [3] to access the Piezo  diam. (mm) configuration scree n. It 

presents the options for outer diameters (OD) and inner  diameters (ID) ,  

previously set to facilitate the equipment use.  

 

Step 03  Use [ƶ]  or [ Ƹ] to choose between the available options , as shown in the 

table below:  

    

    

    

    

    

    

    

    

  
  

Attention : The options for "Piezo diam. (mm)" are only accessible if the configuration 

parameter "Dim. input mode"  is set to ñTypical sizes "(factory default).  The parameter 

configuration "Dim. input mode ò for the "Custom" option will be later described  in 

detail .  

http://www.atcp-ndt.com/





































