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CALIBRATION OF 

LASER DOPPLER DISPLACEMENT SENSOR FOR DYNAMIC TESTING

1.
SCOPE


1.1  Scope.  This document describes the procedure to be used when calibrating and validating the measurement performance of Laser Doppler Displacement Sensors used by the MSFC Test Lab.


1.2  Purpose.  This procedure defines specific operating instructions of the displacement sensor for compliance with MPR 8730.5I.  


1.3  Applicability. This procedure applies to any personnel directed by the using line organization (ULO) (e.g. ET23) director/manager to perform calibration of the laser displacement sensor. 


1.4  System Description.  This calibration procedure consists of the Innova Laser Doppler Displacement Sensor, reference Ometron laser displacement sensor (or another calibrated laser displacement sensor), 1-DOF slider or optical mount, and data acquisition system (DAS).


1.5  General.  The calibration custodian shall be responsible for coordination and enforcement of the document activities. This calibration procedure is to be performed at least once every year. The laser vibrometer and displacement sensor shall fall under Category V of inspection, measuring, and test equipment (IM&TE).

2.
APPLICABLE DOCUMENTS


MPR 8730.5
I

Control of Inspection, Measuring, and Test Equipment

3.
REFERENCE DOCUMENTS



Associated Equipment Manuals




Data Acquisition System


Innova Displacement Sensor



Ometron VPI Sensor Operator's Manual


ET23-OWI-001

Documentation Control

ET23-CDL-FOP-002

Calibration of Ometron Laser Vibrometer for Dynamic Testing 


ANSI Z136.1

American National standard for Safe Use of Lasers
4.  DEFINITIONS

4.1  Ometron VPI Sensor:  A non-contact, laser based, sensor which measures the velocity of a solid surface.

4.2  Innova Laser Doppler Displacement Sensor:  A non-contact laser displacement sensor

4.3  Oscilloscope:  Currently using a Tektronix TDS640A. Any general purpose oscilloscope may be used.

4.4  Data Acquisition System (DAS):
Any general purpose DAS may be used. The DAS should have at minimum 2 inputs, one for the reference vibrometer displacement sensor output,  and one for the displacement sensor.

4.5  Ometron Displacement Sensor:    An electronic counter used to count the amplitude modulation of the reference beam of the vibrometer unit versus the wavelength of the object being measured in order to determine the relative displacement of the test object.

4.6  MTI Microtrak II Laser Displacement Sensor:  A non-contact laser displacement sensor.

5.
SAFETY PRECAUTIONS AND WARNING NOTES


The VPI Sensor, Innova sensor, and MTI Microtrak II have a laser output of no more than 1 mW and falls under the category of Class II laser products. Therefore, precautions should be taken to prevent continuous intentional viewing directly in line with the path of the laser beam. The laser beam shall not be aimed at personnel or at head height, and the beam shall be blocked or turned off when not in use.
6.
ACTIVATION PREPARATIONS


Prior to calibration, the calibration contact designee shall: 

a.  Gather all specified calibration equipment and check to see that their calibration is current.

b.  Determine whether the surface of the target measurement points will require surface preparation for suitable laser return characteristics and identify the appropriate surface preparation if necessary.

c.  Ensure proper cabling will be used for all equipment.  

d.  Determine the proper VPI Sensor lens element to be used inside the vibrometer based on the distance from the sensor to the surface of the reference accelerometer.

e.  Ensure that the VPI sensor, MTI Microtrak II, or Innova sensor unit has not been damaged or tampered with.

f.  Ensure that the test area is properly controlled to preclude the possibility of continuous, direct line of sight laser beam exposure to personnel. This may include warning signs of laser use, curtains, and/or movable tape barriers surrounding the test area. 

7. PROCEDURE

a.  Set up and connect the vibrometer, displacement sensors (both reference and unit to be calibrated), and DAS according to their respective reference documents.

b.  Obtain a reference laser Doppler displacement sensor, sensor to be calibrated, and DAS. The reference laser Doppler displacement sensor shall have a resolution of at least 0.00015 inches and have an accuracy tolerance of +/- 0.2% of the reading. The DAS input shall be calibrated to have an amplitude accuracy within +/- .15 dB per channel.
c.  Verify proper operation and accuracy of the reference laser Doppler displacement sensor by using a 1-DOF slider micrometer translation stage to move an illuminated measurement target point relative to the fixed reference laser Doppler displacement sensor. The measured percent error should not exceed 5% relative to the micrometer translation stage.

d.  Connect the reference displacement sensor to one input channel of the DAS and the raw output signal of the sensor to be calibrated to another input of the DAS. Align the reference and the calibration sensors to be parallel to each other and focused on the same fixed target that moves in the 1-DOF slider or optical mount.

e.  Turn on the power supply for the laser and all other test and measurement equipment.

f.  Aim the lasers at the fixed object of the 1-DOF slider. Using an oscilloscope, monitor the Doppler signal of the lasers. Focus the laser on the reference target until the amplitude of the Doppler signal is greater than 500 mV or until the maximum amplitude is reached. Apply retroreflective tape if necessary.

g.  Measure and record the outputs of the reference laser displacement sensor and calibration laser sensor for at least 25 measurements before reaching the full scale voltages of either of the sensors.
h.  Using least squares linear regression approximation, compute an appropriate scale factor for the laser sensor being calibrated with the reference sensor. 

i.  Complete and file the calibration data sheet listed in Appendix A of this procedure as per ET23-OWI-001, Documentation Control.

j.  If the scale factor computed has deviated by more than 10% since the last calibration, return the unit to the manufacturer for inspection.
APPENDIX A

LASER DOPPLER DISPLACEMENT SENSOR CALIBRATION SHEET

Calibration performed by:________________
Date:_________

Laser Doppler Make:_____________________        Model:____________________________

Laser Doppler ECN #:_______________ SN:___________________

Reference Laser Displacement Sensor ECN #: _______________

Calibration Measurement Results

Percent error of reference displacement sensor to micrometer:____________________

Reference Displacement sensor reading: _________________________

Scale factor computed: _______________________________

EQUIPMENT USED TO PERFORM CALIBRATION

Data Acquisition System

make:___________ model:_____________ SN:__________ Cal Date:____

Reference Laser Displacement Sensor

make:___________ model:_____________ SN:__________ Cal Date:____

Calibration Custodian:_____________________ Account #:___________

Organization:______________________  Location:___________________
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