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The information contained in this document supersedes all similar information that 

may be found elsewhere in this manual. 
 

Total Customer Satisfaction – PCB 

Piezotronics guarantees Total Customer 

Satisfaction. If, at any time, for any 

reason, you are not completely satisfied 

with any PCB product, PCB will repair, 

replace, or exchange it at no charge. You 

may also choose to have your purchase 

price refunded in lieu of the repair, 

replacement, or exchange of the product. 

 

Service – Due to the sophisticated nature 

of the sensors and associated 

instrumentation provided by PCB 

Piezotronics, user servicing or repair is 

not recommended and, if attempted, may 

void the factory warranty. Routine 

maintenance, such as the cleaning of 

electrical connectors, housings, and 

mounting surfaces with solutions and 

techniques that will not harm the 

physical material of construction, is 

acceptable. Caution should be observed 

to insure that liquids are not permitted to 

migrate into devices that are not 

hermetically sealed. Such devices should 

only be wiped with a dampened cloth 

and never submerged or have liquids 

poured upon them. 

 

Repair – In the event that equipment 

becomes damaged or ceases to operate, 

arrangements should be made to return 

the equipment to PCB Piezotronics for 

repair. User servicing or repair is not 

recommended and, if attempted, may 

void the factory warranty. 

 

Calibration – Routine calibration of 

sensors and associated instrumentation is 

recommended as this helps build 

confidence in measurement accuracy and 

acquired data. Equipment calibration 

cycles are typically established by the 

users own quality regimen. When in 

doubt about a calibration cycle, a good 

“rule of thumb” is to recalibrate on an 

annual basis. It is also good practice to 

recalibrate after exposure to any severe 

temperature extreme, shock, load, or 

other environmental influence, or prior 

to any critical test. 

 

PCB Piezotronics maintains an ISO-

9001 certified metrology laboratory and 

offers calibration services, which are 

accredited by A2LA to ISO/IEC 17025, 

with full traceablility to N.I.S.T. In 

addition to the normally supplied 

calibration, special testing is also 

available, such as: sensitivity at elevated 

or cryogenic temperatures, phase 

response, extended high or low 

frequency response, extended range, leak 

testing, hydrostatic pressure testing, and 

others. For information on standard 

recalibration services or special testing, 

contact your local PCB Piezotronics 

distributor, sales representative, or 

factory customer service representative. 

 

Returning Equipment – Following 

these procedures will insure that your 

returned materials are handled in the 

most expedient manner. Before returning 

any equipment to PCB Piezotronics, 

contact your local distributor, sales 

representative, or factory customer 

service representative to obtain a Return 

Warranty, Service, Repair, and 

Return Policies and Instructions 



Materials Authorization (RMA) 

Number. This RMA number should be 

clearly marked on the outside of all 

package(s) and on the packing list(s) 

accompanying the shipment. A detailed 

account of the nature of the problem(s) 

being experienced with the equipment 

should also be included inside the 

package(s) containing any returned 

materials. 

 

A Purchase Order, included with the 

returned materials, will expedite the 

turn-around of serviced equipment. It is 

recommended to include authorization 

on the Purchase Order for PCB to 

proceed with any repairs, as long as they 

do not exceed 50% of the replacement 

cost of the returned item(s). PCB will 

provide a price quotation or replacement 

recommendation for any item whose 

repair costs would exceed 50% of 

replacement cost, or any item that is not 

economically feasible to repair. For 

routine calibration services, the Purchase 

Order should include authorization to 

proceed and return at current pricing, 

which can be obtained from a factory 

customer service representative. 

 

Warranty – All equipment and repair 

services provided by PCB Piezotronics, 

Inc. are covered by a limited warranty 

against defective material and 

workmanship for a period of one year 

from date of original purchase. Contact 

PCB for a complete statement of our 

warranty. Expendable items, such as 

batteries and mounting hardware, are not 

covered by warranty. Mechanical 

damage to equipment due to improper 

use is not covered by warranty. 

Electronic circuitry failure caused by the 

introduction of unregulated or improper 

excitation power or electrostatic 

discharge is not covered by warranty. 

 

Contact Information – International 

customers should direct all inquiries to 

their local distributor or sales office. A 

complete list of distributors and offices 

can be found at www.pcb.com. 

Customers within the United States may 

contact their local sales representative or 

a factory customer service 

representative. A complete list of sales 

representatives can be found at 

www.pcb.com. Toll-free telephone 

numbers for a factory customer service 

representative, in the division 

responsible for this product, can be 

found on the title page at the front of this 

manual. Our ship to address and general 

contact numbers are: 

 

PCB Piezotronics, Inc. 

3425 Walden Ave. 

Depew, NY 14043 USA 

Toll-free: (800) 828-8840 

24-hour SensorLineSM: (716) 684-0001 

Website: www.pcb.com 

E-mail: info@pcb.com 
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1.0 INTRODUCTION 
 
ICP quartz strain sensors incorporate a built-in MOSFET 
microelectronic amplifier.  This serves to convert the high 
impedance charge output into a low impedance voltage signal 
for analysis or recording.  ICP quartz strain sensors, powered 
from a separate constant current source, operate over long 
ordinary coaxial or ribbon cable without signal degradation.  
The low impedance voltage signal is not affected by 
triboelectric cable noise or environmental contaminants.  
 
Power to operate ICP sensors is generally in the form of a low 
cost, 24-27 VDC, 2-20 mA constant current supply. Figure 
1.1 schematically illustrates a typical ICP strain sensor system. 
PCB offers a number of AC or battery-powered, single or 
multi-channel power/signal conditioners, with or without gain 
capabilities for use with strain sensors. In addition, many data 
acquisition systems now incorporate constant current power 
for directly powering ICP sensors. Because static calibration 
or quasi-static short-term response lasting up to a few seconds 
is often required, PCB manufactures signal conditioners that 
provide DC coupling.   Figure 1.2 summarizes a complete 2-
wire ICP system configuration. 
 
 

 
Figure 1.1  ICP® Sensor System Schematic 
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Figure 1.2 Typical ICP® Sensor System 
 
In addition to ease of operation, ICP quartz strain sensors offer 
significant advantages over charge mode types. Because of the 
low impedance output and solid-state, hermetic construction, 

ICP quartz strain sensors are well suited for continuous, 
unattended strain monitoring in harsh factory environments. 
Also, ICP sensor cost-per-channel is substantially lower, since 
they operate through standard, low-cost coaxial cable, and do 
not require expensive charge amplifiers. 
 
Refer to the installation/outline drawing and specification 
sheet at the front of this manual for details and dimensions of 
the particular sensor model number(s) purchased. The 
following pages give a brief description of the sensor series, 
recommended mounting procedures, operation and 
recommended calibration. 
 
In addition to standard products, PCB has the ability to design 
and manufacture custom sensors/systems for specific 
applications. 
  
If questions arise regarding the operation or characteristics of 
the strain sensor products as outlined in this manual, feel free 
to contact an experienced applications engineer from the 
Force/Torque Division of PCB toll-free 888-684-0004. 
 
2.0 DESCRIPTION 
 
240 series quartz strain sensors are used to monitor the 
dynamic response of crimping, stamping, punching, forming 
and any other applications where it is crucial to maintain 
process control. These sensors are ideal in applications where 
mounting directly in the load path with a force sensor is not 
possible. Instead, the sensor can be mounted in an area that 
will provide the highest mechanical stress for the process to be 
monitored. Strain sensors are mounted to a structure by means 
of a supplied socket flat head screw, which threads into a 
corresponding tapped hole, and is then fastened securely as 
noted in the installation section of this manual. When used 
with a constant current signal conditioner, the sensor output 
voltage can be resolved in units of strain and then related to 
specific events that must be monitored in the process. After 
defining a signature voltage response for properly 
manufactured parts, the user can then determine an acceptable 
upper and lower control limit in order to maintain process 
control thereby preventing the acceptance of non-conforming 
products as finished goods. 
 
Versions offering full-scale measurements of 10  to 300 
are available. When powered by a constant current power 
supply and subjected to an input strain, an ICP strain sensor 
will provide a corresponding output voltage. A positive output 
voltage indicates that the structure being monitored is being 
subjected to a tensile force in the sensor mounting area and 
can also be resolved in units of strain. Likewise, a compressive 
force in this area will result in a negative output voltage. Refer 
to Sections 3.1, for recommended strain sensor mounting and 
torque requirements.  
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3.0 INSTALLATION 
 
 
 
 
 
 
 
 
 
 
 
 
Refer to the Installation Drawing supplied with this manual for 
specific outline dimensions and installation details for your 
particular model. The specification is also included to provide 
details of the sensor’s characteristic properties.   
 
It is important that the mounting surface is clean and free of 
paint, oil, or other coatings that could prevent the proper 
transfer of strain into the mounting pads of the sensor. Poor 
surface contact may affect sensor sensitivity and result in 
erroneous data. Prior to mounting, it is recommended that the 
machine surface and the mounting pads of the sensor be 
cleaned with acetone. This will maintain proper coupling with 
these mating surfaces and prevent slippage at peak strain. 
 
Connect one end of the coaxial cable to the sensor connector 
and the other end to the XDCR jack on the signal conditioner.  
Make sure to tighten the cable connector to the sensor. DO 
NOT spin the sensor onto the cable, as this fatigues the cable’s 
center pin, resulting in a shorted signal and a damaged cable. 
If the cable cannot be attached prior to sensor installation, the 
protective cap should remain on the connector to prevent 
contamination or damage.   
 
For installation in dirty, humid, or rugged environments, it is 
suggested that the connection be shielded against dust or 
moisture with shrink tubing or other protective material. Strain 
relieving the cable/sensor connection can also prolong cable 
life.  Mounting cables to a test structure with tape, clamps, 
or adhesives minimizes the chance of damage.  
 
 
3.1 STRAIN SENSOR INSTALLATION 
 
Figure 3.1 displays the sensor mounted using the supplied 
mounting screw to a minimum torque of 10 N-m. Allow for 
the static component of the signal to discharge prior to 
calibration. Installations not preloaded to the recommended 
value, or that utilizes a screw of different material and/or 
dimensions than the supplied screw, may yield inaccurate 
output readings. The supplied screw allows proper strain 
transmission to the sensor while holding the sensor in place. 
Properly machined holes for the mounting screw will ensure 

proper vertical orientation of the sensor. Refer to the 
installation drawing for additional mounting details.   
 
Consult a PCB applications engineer for calibration and output 
recommendations. 
  
 
 
 
 
 

Figure 3.1 Strain Sensor Installation 

 
CAUTION! 

Please read all instructions before attempting to 
operate this product. 

 
Damage to built-in amplifier  

due to incorrect power or misapplication is NOT 
covered by warranty 
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4.0 OPERATION 
  
4.1 TYPICAL ICP SYSTEM CONFIGURATION 
 
Sensors with built-in ICP circuitry require a constant-current 
excitation voltage for operation. The enclosed Specification 
Sheet provides specific power requirements.  Required supply 
voltage is normally 20 to 30 VDC, while the constant current 
required ranges from 2 to 20 mA. 
 
PCB standard battery-powered signal conditioners are factory 
set at 2 mA and may be used to adequately drive a signal for 
100 feet.  PCB line signal supplies are factory set at 4 mA (and 
adjustable from 2 to 20 mA), enabling signals to be transmitted 
over hundreds of feet. 
 
It is necessary to supply the sensor with a 2 to 20 mA constant 
current at +20 to +30 VDC through a current-regulating diode 
or equivalent circuit, contained in all PCB signal conditioners.  
See Guide G-0001B for powering and signal conditioning 
information pertaining to all ICP® instrumentation. 
 
Most of the signal conditioners manufactured by PCB have an 
adjustable current feature allowing a choice of input currents 
from 2 to 20 mA.  In general, for lowest noise (best 
resolution), choose the lower current ranges.  When driving 
long cables (to several thousand feet), use the higher current, 
up to 20 mA maximum.  Consult the factory to determine if 
higher current settings are required.  Connect the sensor to the 
power unit as shown in the typical ICP® sensor systems below. 
 
As displayed in Figure 4.1, operation requires the connection 
of the strain sensor first to a signal conditioner, then to a 
readout device (oscilloscope, meter, recorder, or A-to-D 
board) or to a readout device with built-in ICP sensor 
excitation.  Tighten the coaxial cable to the sensor by hand to 
ensure good electrical contact. 

 
 
 
 
 
 
 
 

Readout Device with
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Figure 4.1 Typical ICP System Configurations 
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5.0 POLARITY 
 
Extension of the mounting area of an ICP strain sensor 
produces a positive-going voltage output. The retraction of the 
mounting area produces a negative-going voltage output. 
 
6.0 LOW-FREQUENCY MONITORING 
 
Strain sensors used for applications in short term, steady-state 
monitoring, such as sensor calibration, or short term, quasi-
static testing should be powered by signal conditioners that 
operate in DC-coupled mode.  PCB Series 484 Signal 
Conditioner operates in either AC or DC-coupled mode and 
may be supplied with gain features or a zero “clamped” output 
often necessary in repetitive, positive polarity pulse train 
applications. 
 
If you wish to learn more about ICP sensors, consult PCB’s 
General Signal Conditioning Guide, a brochure outlining the 
technical specifics associated with piezoelectric sensors.  This 
brochure is available from PCB by request, free of charge. 
 
7.0 DISCHARGE TIME CONSTANT 
 
The discharge time constant (DTC) of the entire transduction 
system from sensor to readout must be considered when 
attempting to calibrate an ICP strain sensor by static methods. 
In order to take full advantage of the long DTC built into the 
strain sensor, it is best to DC couple from the sensor to the 
readout device.  Several dual-mode PCB signal conditioners 
(e.g., Series 484) use direct coupling techniques to decouple 
the output signal from the sensor bias voltage.  With the output 
of the signal conditioner coupled to a DC readout, such as a 
digital voltmeter (DVM) or oscilloscope, the time constant of 
the sensor is not compromised by AC coupling elsewhere in 
the system. 
 
When DC coupling to a system, it is important to DC couple 
the entire system and not just from the sensor to the signal 
conditioner.  The system time constant is determined by the 
shortest time constant in the system.  For this reason, the signal 
conditioner, as well as the readout device, must be DC 
coupled. 

 

Figure 7.1 Characteristic Discharge Time Constant Curve 

The discharge time constant represents the decay rate of an 
input signal.  One DTC represents the amount of time taken for 
the signal to decay to 37% of the initial peak value.  As 
illustrated in Figure 7.1, this is an exponential decay.  
Approximately five DTC intervals are needed for a peak signal 
to naturally decay back to zero. 
 
The rule of thumb for signal discharge, as outlined in Figure 
7.2, is this: for the first 10% of the DTC, the signal lost is 
approximately proportional to the time elapsed. 
 

 

Figure 7.2 Step Function Response 

 
For example, a sensor with a 150-second DTC loses 
approximately 1% of its output level the first 1.5 seconds (1% 
of 150) after the application of a steady state strain within the 
measuring range.  In this case, the output reading must be taken 
within 1.5 seconds of the strain application for 1% accuracy. 
 
If it is impossible to avoid AC coupling somewhere in the 
sensing system, try to keep the coupling DTC at least an order 
of magnitude longer than the DTC of the strain sensor.  This 
avoids compromising the sensor DTC.  
 
8.0 CALIBRATION 
 
Strain sensors are calibrated relative to a strain gage reference 
sensor. A calibration certificate is supplied with each strain 
sensor providing its relative voltage sensitivity (mV/). A 
calibration must be performed once strain sensors are installed 
in the specific equipment being measured. This is necessary so 
that a direct comparison of relative data can be made thereby 
allowing the user to set control limits and properly monitor a 
specific event as well as the entire process. 
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9.0 TROUBLESHOOTING   
When a PCB signal conditioner with any of the following 
indicators are used, turn the power on and observe the 
voltmeter (or LED’s) on the front panel. Typical indicators are 
marked as shown in the figure below.   
 

 
 
Normal Operation 
 
INDICATOR DVM 

READING 
OPERATION 

GREEN (Mid-
Scale) 

8 to 14 V Proper range for most ICP 
sensors. 

GREEN 
(Low End) 

3 to 7 V Proper range for low bias 
ICP sensors. 

GREEN 
(High End) 

15 to 17 V Proper range for high bias 
ICP sensors. 

RED 0 Volts Short in the sensor, cable, or 
connections. 

YELLOW 24 to 28 V Open circuit in the sensor, 
cable, or connections. 
(Excitation voltage is being 
monitored.) 

 
Output voltage moves from YELLOW to GREEN slowly until 
charging is complete. AC coupled signal conditioners require 
sufficient time to charge the internal coupling capacitor. Allow 
signal conditioner to charge for after 5 discharge time 
constants for stable operation. 
 
Note:  Most PCB strain sensors have an output bias of 8-14 
VDC. Refer to the specification sheet in this manual for the 
bias range of the model you are using.  If you are using a low 
bias sensor, the indicator will be at the bottom end of the green 
portion of the dial indicator, and may even be in the red 
portion. This is the expected range and indicates proper 
operation. Initial application of mounting torque will incur a 
negative-going output voltage. It is necessary to allow this 
output voltage to decay 5 DTC’s prior to making 
measurements in order to prevent baseline shift where an 
absolute zero is needed throughout entire monitoring process. 
 
10.0   MAINTENANCE 
 
The sensor connector must be kept clean, especially if it is 
operating in a dusty and/or wet environment. If the cable is 
disconnected from the sensor, it is recommended to place the 
supplied black cap onto the connector to prevent 
contamination. 

 
Observe the following precautions when using the sensor: 
 
A. Do not exceed the maximum strain levels for the strain 
sensor (see specification sheet).  
 
B. Do not subject the sensor to temperatures exceeding that of 
the specification, normally 250°F (121°C). 
 
C. Do not apply voltage to the sensor without current-limiting 
diodes or other current protection. 
 
D. Do not apply more than 20 mA of current to the strain 
sensor. 
 
E. When mounting the strain sensor, observe installation 
procedures detailed in Section 3.0 and as outlined on the 
specific sensor Installation Drawing to avoid over torquing 
when mounting. 
 
F. Do not apply more than 30 volts to the sensor. 
 
G. Avoid metal-to-metal impacts during applications, which 
can produce a high frequency ringing.  Electrical low-pass 
filtering or a damping material can help reduce such effects. 
 
E. Do not spin the sensor onto the cable.  This may fatigue the 
cable center pin, causing cable damage.  Always insert the 
cable pin into the sensor and tighten the knurled cable nut to 
the sensor.   
 
For additional information, refer to “Warranty, Service, 
Repair and Return Policies and Instructions.” 
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