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IMI Sensors not only calibrates every new sensor before it leaves the building, but also offers after-market recalibration
services for both its own sensors as well as competitors’ sensors. All calibration activity is performed in a laboratory
accredited by the American Association for Laboratory Accreditation (A2LA) in the field of calibration per 1SO
17025:2017, General Requirements for the Competence of Testing and Calibration Laboratories.

This article provides more information on the importance of calibration for accurate measurements and the calibration
process itself.

Calibration Guidelines Dependent upon Sensing Element

The guidelines for calibrating an industrial piezoelectric sensor are dependent upon the sensing element utilized in the
sensor.

e Quartz: Quartz is naturally-piezoelectric mineral that is considered the most stable of all piezoelectric materials.
For quartz sensors, the calibration value is guaranteed to remain stable for a minimum of 5 years when used
within the published operating guidelines for these sensors.

e Ceramic: Polycrystalline ceramics are manmade materials that have been polarized to exhibit piezoelectric
properties. The polarization process consists of subjecting the ceramics to very high DC voltages at high
temperatures in order to align the domains along the polarizing axis. Despite this process and efforts to
artificially age the units, piezoelectric ceramics still demonstrate a natural decay in output over time and will
require recalibration in order to ensure accurate measurements. It is recommended that sensors with ceramic
sensing elements be calibrated at least once a year as well as after any suspected physical damage due to
excessive mechanical shock, extreme thermal transients, excessive temperatures, or other extreme
environmental influences.

Calibration Process

In the broadest sense, the calibration process verifies the amplitude response and system linearity over the intended
range of use. A typical calibration process is divided into pre-calibration and final calibration.

Pre-calibration consists of, but is not limited to, two tests- a transverse sensitivity test and a resonant frequency test.
e The first test performed during the pre-calibration process
is transverse sensitivity. Transverse sensitivity is the X and Y Axis
output of a uni-axial vibration sensor when mounted Test Sensor— M Reference Sensors
perpendicular to the sensing axis. To perform the test, the
sensor is mounted to a transverse calibrator. See Figure 1.

There are two reference sensors mounted on the
calibrator in addition to the sensor to be tested. The two
reference sensors are mounted 90 degrees apart from
each other around the test sensor with one measuring
vibration on the x axis and one measuring vibration on the
y axis. Upon activating the test sequence, the setup is
adjusted to ensure that the two reference sensors provide
uniform outputs with a 90 degree phase shift and that the —= —]
test apparatus is demonstrating uniform orbital motion.
The system will then calculate a transverse sensitivity. In
order to pass the test, the test sensor vibration

Transverse Calibrator

Figure 1: Uni-axial vibration sensor
mounted on transverse calibrator.




measurements must match the test sensor’s specifications within a particular tolerance.

¢ The second test performed during the pre-calibration

process is resonant frequency. Resonant frequency is the . l{ ‘
frequency at which the sensor naturally vibrates when N\ R
excited by a stimulus. To perform the test, the test sensor is Figure 2: Resonant ) {‘: } ‘}:T’
stud-mounted with silicone grease to a tungsten alloy mass frequency test \/‘L‘l/ =

that is approximately ten times the mass of the sensor. The
mass/sensor assembly is then laid on its side on a test
bench. The mass is pinged with a ball bearing adhered to a [j@?fl'
mylar strip and the resulting resonant frequency of the
sensor is collected.

For final calibration, the test sensor is tested in a back-to-back calibration test to determine reference sensitivity,
frequency response and output bias voltage. During a back-to-back test, the test sensor is mounted in a back-to-back
arrangement with a reference sensor with the reference sensor having traceability to primary calibration. Since the
motion input is the same for both sensors, the ratio of their outputs is also the ratio of their sensitivities. The sensitivity
of the test sensor can be calculated with the formula in Figure 3.

TS Voltage RS Gain
RS Voltage * TS Gain

TS Sensitivity = RS Sensitivity x

TS = Test Sensor RS = Reference Sensor

Figure 3: Test Sensor Sensitivity Formula

Once the test sensor sensitivity is determined, that sensitivity is then tested at one or multiple frequencies (depending
on the calibration service required) to develop a sensitivity plot. In the case of a test sensor being tested at multiple
frequencies, the calibration service confirms the linear sensitivity response of the test sensor over the useable frequency
range during pre-calibration.

Both sensors can be mounted to an electrodynamic shaker driven with a sinusoidal vibration and the sensitivity of the
sensor under test is measured at that particular frequency. Sweeping through the desired range of frequencies then
generates a frequency response curve of the test sensor. Air bearing shakers are the preferable type of electrodynamic
shaker to be used, as they can provide the highest quality of pure single degree of freedom vibration over the widest
frequency range, while minimizing the transverse motion and distortion found on other electrodynamic shakers.

IMI Sensors’ Calibration Services

In calibrating industrial piezoelectric accelerometers, IMI Sensors offers two standards of calibration.

e |CS-1: Calibration supplies a detailed calibration certificate that is in compliance with ISO 10012:2003
“Measurement Management Systems- Requirements for Measurement Processes and Measuring Equipment”
and is traceable to the National Institute of Standards & Technology (NIST). A sample ICS-1 calibration
certificate is provided in Appendix 1.

e |ICS-2: Calibration provides a low-cost option for calibrating industrial sensors which do not require a full range
calibration due to their application. This standard provides a single point calibration value that is traceable to
the NIST. That value is laser etched on the sensor's case for easy reference. A sample ICS-2 calibration certificate
is provided in Appendix 2.

These services are available on all of IMI Sensors’ industrial accelerometers as well as any of its competitors' models.



Appendix 1: ICS-1 Sample Calibration Certificate

~ Calibration Certificate ~

Per E50 1E063-21

Model Number: 612E01
Serial Number: LWS0304
Description: ICPE Accalzrometer
Manufacturer: IMI Mathod: Back-to-Back Comparison AT401-3
Calibration Data
Bensitivity & 6000 CPM S8 mV/g Output Bias 1.1 vDC
(10,1 mVim/s%) Transvarse Sansitivity 0.2 %
Razonant Fraquency 1883 KCPM
Sensitivity Piot
- Temperatur: 73 *F 423 70y Pelative Humidity: 48 5
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EO0DE 10000 10000.0 100000.0 3600000
CPM
Data Poinis
Frequency {CPM) Draw_ (%) Fraquency (CPM) Dev. (%) Frequency (CPM) Dav, (%)
a0 23 18000 07 36000 27
Q00 1.8 30000 -1.2
1800 1.4 60000 -1.8
3000 0.9 130000 27
REF. FREQ. 0.0 J00000 =31
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Condition of Unit
Az Found:  nfa
As Laft: Mew Unit. In Tolerance

Notes
1. Calibration is NIST Traczable thru Project 683/283498 and PTB Traceabla thru Project 10065,
2. This certificate shall not ba reproduced, except im full, without writtan approval from PCB Piezotronics, Inc.
3, Calibration is parformed in comphance with IS0 9001, IS0 10012-1, ANSI Z540.3 and 150 17025,
4. See Manufacturer's Specilication Sheat for a detailed listing of performance specifications.
3. Measurement uncertainty (95% confidenca lavel with coverage factor of 2 for frequency ranges tested during calibration
are as follows; 5-9 He; +- 2.0%, 10-99 Hz; +/- 1.5%, 100-1999 Hz; +/- 1.06, 2-10 kHz; +- 2.5%.

Techniciar: Lamont Langford Diata: TIN5

g ML SENSOR

Headquarters: 3425 Walden Avenne, Depen, NV 14043
Calibration Perfeemed at: 10569 Highoay 203, Halifax, ¥C 27235

CALERATION CERT#AE2 07
TEL: 385-084-0M3 - TAX 716-683-3886 - =ww pchoom CALTS MM EL 3D
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Appendix 2: ICS-2 Sample Calibration Certificate

~ Calibration Certificate ~

Per 150 1606321
Model Number: SITADT
Berial Number: 190927
Descripton: 1CP® Accaleromatar
Manufacturar; IMI Method: Rack-in-Back Comparison  AT401-3
Calibration Dala
Sensitivity @ 6000 CPM 100 mVig Cutput Bias 10.9VDC
{10.2 mV/m/'s%)
Sensitivity Plot
- Temperature: 73 5 {23 °C) Belative Humidine: 5%
1050
mV/g a0 %
5.0
0.1+ ;
E400.0 €500.0
CPM
Dala Points
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Condition of Uit
AsFound: nfa
As Leaft; Maw Unit. In Tolerance

Notes
1. Calibration is NIST Traceable thru Project 683/283498 and PTR Traceabls thru Progct 10065,
2. This cerlificate shall not be reproduced, excapt in full, without written approval from PCB Prezotronics, Inc.
3. Calibration is performed in compliance with IS0 9001, IS0 10012-1, ANSI Z540.3 and [80 17025,
4. Szp Manufacturers Specification Shaet for a detailed listing of performance specifications.
5. Measurement uncartainty (955 confidence level with coverage factor of 2) for frequency ranges tested during calibration
are as follows: 5-0 He; +- 2.09%, 10-9% He; +/- 1.5%, 100-1999 Hz; +- 1.06, 2-10 kHz; +- 2 56

Tachnician: Jonathan Harmon Diale: TEI015

% UL SENSORS

Headquareers: 3423 Walden Avenae, Depew, WY 14043
Cahbration Pecformed at: 10869 Highway $03, Habifax, NC 27830

CALBRATIGH CEAT™ ARZ.N2
TEL: B35-684-0013  +  FAN 716685388 - wwwpch.com ——
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