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Laser Velocity-transducer Set Type 3544 

The Laser Velocity-transducer Set Type 3544 
consists of Laser Velocity-transducer Type 
8323 and Transducer Power Supply Type 
2815. Type 3544 Is a battery powered laser 
system for non-contact measurements of ve
locity and displacement. Measurements can 
be made at a range of up to 80 cm from the 
test surface. Velocity measurements up to 
1 mis can be made In the frequency range 0 Hz 
to 20 kHz. Displacements up to 7 mm can be 
measured from 0,3 Hz to 20 kHz. The NICd 
cells located In the Transducer Power Supply 
Type 2815 provide sufficient power for at least 
two hours of continuous operation. 
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ELECTRICAL 
SAFETY CONSIDERATIONS 

This apparatus has been designed and tested according to IEC Publication 348, Safety 
Requirements for Electronic Measuring Apparatus, and has been supplied in a safe con
dition. This Instruction Manual contains information and warnings which should be fol
lowed by the user to ensure safe operation and to retain the apparatus in a safe 
condition. 

SAFETY SYMBOLS 

&. The apparatus is marked with this symbol where it is important that the user 
refer to the associated warning statements given in the Instruction Manual. 

.L Chassis terminal ,! Safety earth terminal ,'I/' Hazardous voltage 

WARNINGS 

Whenever it is likely that the correct function or operating safety of the instru
ment has been impaired, the instrument must be made inoperative and secured 
against unintended operation. 

Any adjustment, maintenance or repair of the open instrument with voltage ap
plied must be avoided as far as possible. When such adjustment is unavoidable, 
it must only be made by trained service personnel. 



LASER RADIATION 

The helium-neon laser in this apparatus has an output power of less than 1 mW. This 
complies with the requirement for Laser Class II of ANSI 2136.1 (1980) and BS 4803: 
Radiation Safety of Laser Products and Systems. 

Class II instruments are safe for accidental momentary viewing. Natural human aversion 
to the radiation, including the blink reaction, is sufficient to prevent eye damage. The 
laser light is not harmful to any other human tissue. 

SAFETY SYMBOLS 

WARNINGS 

The apparatus is marked with this symbol. It is important that the 
warnings and instructions associated with this symbol under "Measure
ment Procedure" are adhered to. 

Ensure that the laser is directed towards the target surface before power is applied. 
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Laser Velocity-Transducer Set 

USES: 

o For non-contact measurement of vibration velocity 
and displacement 

o For vibration measurements on light structures (e.g 
loudspeaker diaphragms) 

o For measurements of impacts 

o For lateral and axial vibration measurements on ro
tating components (e.g. on rotating machinery) 

O For vibration measurements on small structures 
(e.g. on the tops of engine valves) 

O For vibration measurements on delicate structures 
(e.g optical devices such as mirrors) 

o For relative vibration measurements (e.g. on board 
ships, aircraft and cars) 

o For vibration measurements in any direction 

There will always be applications 
where it is impossible or undesirable to 
mount a vibration transducer onto a vi
brating object. It is for those occasions 
that Brtiel & Kjrer, in conjunction with 
The Institute of Sound and Vibration 
Research (ISVR) at Southampton Uni
versity, England, has designed the Laser 
Velocity-Transducer Set Type 3544. Its 
simplicity of use and rugged construc
tion means that the user need not be 
concerned with the state-of-the-art la
ser technology used to make the mea
surement: to the user, 3544 is simply a 
highly accurate and versatile vibration 
transducer. 

Introduction 

The Laser Velocity Transducer Set 
Type 3544 consists of the Laser Veloc
ity-transducer Type 8323 and the 
Power Supply Type 2815. By simply 
attaching a small piece of retroreflec
tive tape to the surface of the vibrat
ing object, and aiming the 8323 at it, 
vibration velocity and displacement at 
that point can be measured. 

Type 3544 has been developed to 
meet the requirement of today's in
dustries for a method of measuring 
vibration velocity without contacting 
the vibrating surface. 

Type 3544 

O For vibration measurements on hot structures (e.g. 
engine exhausts) 

O For vibration measurements on rubber and other 
soft materials 

FEATURES: 

O Dynamic range up to 70 dB (narrow-band) 

o Frequency range from O Hz to 20 kHz (velocity) 

O Remote measurements at up to 0,8 metre 

O Safe operation (Laser Class II) 

O Simple and quick to use 

O Compact, light and portable 

O Battery operated 

O Built-in integrator for displacement measurement 
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Fig. 1. The arrangement of the electronic and optical components within the Type 8323 

How it works 

With reference to Fig. l, the heart of 
Type 3544 is a safe low power 
( < 1 mW) Helium-Neon Laser. The 
beam is first split. One part, the target 
beam, is directed at the target. One 
part, the reference beam, is directed at 
a rotating disc inside 8323. Back scat
tered light from the rotating disc is 
frequency shifted by a constant 
amount, due to the Doppler Effect. 
Back scattered light, from the retrore
flective tape attached to the target, is 
returned to the Type 8323 and mixed 
with the light coming back from the 
disc. The two beams are then directed 
at the photodetector, where they het
erodyne. The Doppler Frequency shift 
in the target beam caused by the vi
bration of the target, is then detected 
and converted into a calibrated volt
age output proportional to the target 
velocity. The reference beam is used 
to determine the sign of the velocity. 

More details of how this is done can 
be found in the Bruel & Kjrer Applica
tion Note (BO0268-ll) "The Laser 
Velocity Transducer; its Principles 
and Applications", available on re
quest from your local Bruel & Kjrer 
representative. 

How to use Type 3544 

Type 3544 requires no special align
ment, calibration or set-up proce
dures. Simply attach a small piece of 
retroreflective tape (DU 0164) to the 
target. With the Type 8323 mounted 
on its tripod, or held in the hand, 
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Fig.2. Bruel&Kjrer manufacture a comprehensive range of both wideband and narrow-band 
analysis equipment which can be used with the Type 3544 

point the beam at the tape and feed 
the output of the Type 2815 into a 
measurement device such as a voltme
ter (for wideband measurements), or a 
frequency analyzer (for narrow-band 
measurements). See Fig. 2 for some 
typical set-ups. 

Two velocity-amplitude ranges, and 
two wideband frequency ranges are 
provided to enable the signal-to-noise 
ratio to be optimized for each mea
surement. A built-in integrator can be 
selected to give the signal output in 
terms of displacement. 



Operating distance 
The Laser Velocity-transducer Type 
8323 can be positioned between 20 
and 80 cm from the target for opti
mum measurements. 

Fully portable 

The Power Supply Type 2815 accepts 
the battery box QB 0040, containing 
twelve 1,2 V rechargeable batteries. 
The 3544 comes complete with a stur
dy carrying case containing all acces
sories. 

Safety 

The laser used in 3544 is safe. It con
forms to Laser Class II of BS 4803, 
IEC 825, and ANSl136.l (1980). This 
means it is not dangerous to acciden-

tally catch the beam momentarily in 
the eye. However, the beam should 
not be stared into directly. 

Measurement ranges 

Type 3544 is a vibration velocity mea
surement device. When used with a 
narrow-band analyzer it can measure 
velocities, and corresponding displace
ments, from 20 µm/s up to 1 m/s at 
frequencies from 0 Hz (not in displace
ment mode) to 20 kHz, as shown in 
Fig.3. 

Application Areas 

Type 3544 is not designed to replace 
the accelerometer as the everyday all
purpose vibration transducer. It is de-

Specifications Type 2815 
DYNAMIC RANGE: 
See Table 1 and Fig. 3. 

FRCQUENCY RANGE: 
Velocity 0 - 2 kHz and 0 - 20 kHz 
Displacement 0,3 - 20 kHz 

CONTROLS: 
Frequency range and integrator Velocity 0-
2 kHz and 0-20 kHz; Displacement 0,3 Hz-
20 kHz 
Power Supply: "External", "charger" or off 
("0V" ) 
Signal Ground: floating ground or instrument 
ground 

OUTPUT: 
BNC socket. Impedance 5n, maximum load 
1 kn / / 2 nF 

OFFSET VOLTAGE FROM FILTERS: 
Velocity ±20mV 
Displacement ± 20 mV 

OVERLOAD WARNING: 
Velocity: 1 V for 1 mis range on 8323 and 
0,2 V for 0,2 m/s range on 8323 
Displacement: As velocity but also when 7 V 
or greater on output socket 

GAIN FACTOR: 
Velocity: 1 V /V scale 1 V /mis 
Displacement: 1 V /V at 159 Hz scale 1 V /mm 
with a filter slope of -20 dB per decade 

POWER REQUIREMENTS: 
QB 0040 containing 12 Ni Cd cells giving at 
least 2 hours of continuous operation. Auto
matic shut down with insufficient power. 

Specifications Type 8323 
CONTROLS: 
Range: 0-0,2 m/s and 0-1 mis 
LASER OUTPUT POWER: 
Less than 1 mW (Class II Laser Product) 

OPERATING DISTANCE: 
20- 80 cm optimum 
(10-100 cm possible) 

LASER SPOT DIAMETER: 
less than 1 mm 

START TIME: 
Less than 30 seconds, indicated when the 
lock error light is off 

BROAD BAND NOISE: 
(Caused by frequency broadening) 
3 mV (for 1 m/s range) corresponding to a 
signal-to-noise ratio of 47 dB 
1,5 mV (for 0,2 mis range) corresponding to a 
signal-to-noise ratio of 39 dB 

OFF-SET VOLTAGE: 
(Inherent in op-amp following frequency 
tracker) 
± 30 mV (for 1 m/s range) 
± 10 mV (for 0,2 mis range) 

GAIN FACTOR: 
Velocity 1 V /ms- 1 

signed for use in all those applications 
where an accelerometer cannot be 
used. Some typical applications are 
measurements on; 

Light structures, hot structures, in
accessible parts, surfaces which must 
not be marked, very small surfaces, 
high voltage surfaces, radioactive sur
faces, living tissue, wet surfaces, rotat
ing surfaces (sides or ends of shafts), 
machines which would otherwise have 
to be stopped to attach an accelerome
ter (no down-time required if paint is 
applied to the rotating shaft), continu
ous surfaces moving with constant ve
locity (e.g measurement of the speed 
of a rotating disc), shock. 

Such measurements are often re
quired in the automobile, aerospace, 
power, loudspeaker and other indus
tries. 

Recharge time 20 hours 
External source 12-15V DC (2A nominal, 4A 
peak) 
External charger 22 V DC (0,4 A .internal lim
it) 

ENVIRONMENTAL: 
Temperature -10°C to +55°C 
Humidity 90% RH (non-condensing at 30 ° C) 
Shock 25 g (peak) 

DIMENSIONS: 
Height 132 mm 
Width 103,5 mm 
Depth 200 mm 

WEIGHT: 
1,2 kg (3.1 kg with QB 0040 inserted) 

OUTPUT: 
Via AO0308 to 2815 

ENVIRONMENTAL: 
Temperature -10°C to +55°C 
Humidity 90% RH (non-condensing at 30 °C) 
Shock 25 g (peak) 

WEIGHT: 
4kg 

DIMENSIONS: 
Height 107 mm (with legs) 
Width 114mm 
Depth 466mm 

TRIPOD MOUNTING: 
3/8 x 16 mod. UNC built in DIN 4503, or with 
1/4" x 20 mod. Unic 
DIN 4503 (B & K DB 2164) reduction 
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Specifications Type 3544 (2815 + 8323) 

BP0738-12 

OFFSET VOLTAGE 
Velocity: for 1 mis range, ± 50 mV 
for 0,2 mis range, ± 30 mV 
Displacement: ± 20 mV 

DIMENSIONS (in carrying case): 
Height 550 mm 
Width 670mm 
Depth 250 mm 

WEIGHT: (in carrying case with batteries) 
21 kg 

RETROREFLECTIVE TAPE DU 0164: 
Weight 17 mg/cm2 

Thickness 0, 1 mm 

ACCESSORIES INCLUDED WITH 3544: 
Transducer Power Supply .......................... 2815 
Laser Velocity Transducer ............ ... ........... 8323 
Carrying case .......................................... KE 0276 
Battery pack .. ......................................... QB 0040 
Battery Charger for QB 0040 ................ ZG 0166 
Angle mirror adaptor ............................. UA 0965 
Tripod ........................................................ UA 0989 

FREQUENCY -----
il 

~ 
Z, 10 
0 

~ 
~ 1,0 

u 
u 
<l'. 

Connecting cable ................................... AO 0308 
7-pin plug ................................................. JP 0703 
One BNC-to-BNC cable, 1,2 m ............ AO 0087 
One BNC Plug ............................. ... .... .. ... JP 0035 
Two 2,5 A fast blow fuses .................... . VF 0029 
5 lots of reflective tape ........................ DU 0164 
Instruction Manual 

ACCESSORIES AVAILABLE: 
Reflective Tape ................. ..................... DU 0164 
Spare battery pack .. .. ............................ QB 0040 

Displacement measurement 
range nomogram Type 3544 

FREQUENCY -----
il 

Fig. 3. Frequency and dynamic measurement ranges of 3544, with possible application areas for wideband and narrow-band 
measurements. In each diagram, the upper limits are peak levels and the lower limits are RMS. The integrator output limit of 7 V 
causes the slope (0,3Hz to 12Hz) of the upper limit in displacement mode 

Range Setting on 8323 Measurement mode on 2815 
Equivalent Maximum Velocity (or 

Tolerance 
Noise (RMS) Displacement) (Peak) 

0-0,2 m/s VEL. 0- 2 kHz 1 mm/s 0,2 m/s ± 0,2 dB 

0- 0,2 m/s VEL. 0 - 20 kHz 1,5 mm/s 0,2 m/s ± 0,5 dB 

0-1 m/s VEL. 0 - 2 kHz 1,5 mm/s 1 m/s ± 0,5 dB 

0-1 mis VEL. 0 - 20 kHz 2,5 mm/s 1 m/s ± 0,5 dB 

0- 0,2 mis DISP. 0,3 - 20 kHz 20µ,m 7mm 

0-1 m/s DISP. 0,3 - 20 kHz 20µ,m 7mm 

T01703GBO 

Table. 1. The wideband measurement limits of 3544 for all measurement modes and range settings 



2. CONTROLS 

2.1. LASER VELOCITY-TRANSDUCER TYPE 8323 

2.1.1. Front Panel 

Bruel & Kja!r 

Fig. 2.1. Front panel of the 8323 with (a) the plane laser window, and (b) with the angle mirror adaptor 
fitted 

Laser Output: The laser beam output is on the longitudinal axis of the 8323. In appli
cations where the laser cannot be aligned with the target, the angle 
mirror adaptor UA 0965 (supplied) can be fitted to deflect the laser 
beam onto the target surface (see section 3.3.2). 

The helium-neon laser used in the 8323 has a radiation output which 
complies with the requirements for Laser Class II of ANSI 2136.1 (1980) 
and BS 4803: Radiation Safety of Laser Products and Systems. 

The laser beam is safe for accidental momentary viewing (refer to 
"Safety Considerations"). All precautions should, however, be taken to 
avoid accidental viewing of the laser beam. 
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2.1.2. Rear Panel 

Range: 

Lock Error: 

Light Level: 

Light Level Adjust: 

Output: 
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Fig. 2.2. Rear panel of the 8323 

A two position slide switch to select "0-0,2 m/s" or "0-1 m/s" velocity 
range. Operation of the switch selects the rotation speed of an internal 
reflective disc used to produce a Doppler shift in the laser reference 
beam (see section 4.1.1 ). The two velocity ranges correspond to disc 
speeds of 240 rpm and 900 rpm. 

A red LED (Light Emitting Diode) which lights when the reflective disc 
is not rotating at the selected speed setting. 

A meter which indicates the level of coherence between the laser light 
returned from the target surface, and the internal reference beam (see 
section 4.1.1 ). The calibration mark on the meter indicates the coher
ence level required for the 3544 to operate to its full specification. 

A multi-turn control which adjusts the position of the prism in the ref
erence beam and thus controls the length of the reference beam path. 
This adjustment provides compensation for the difference in length be
tween the reference and target beams (see section 4.1.1 ). 

Socket for the coaxial plug (Br0el & Kjrer no. JP 1208) of the intercon
necting cable AO 0308 used between the 8323 and the 2815. 



2.2. TRANSDUCER POWER SUPPLY TYPE 2815 

2.2.1. Front Panel 

Control Switch: 

Battery: 

Output: 

Overload: 

.. 
Bri.iel & Kjmr 

Power Supply 
Type 2815 Battery 

Overload -
Ext. Input from 

Transducer Power Supply 

Charger 
+ 24V • 
0,4A 

ov 

Ext. Batt. 
• + 14 V 

4A 

Fig. 2.3. Front panel of the 2815 

A four position switch; "Off", "Displ.0,3Hz-2kHz", "Vel.0-2kHz" and 
"Vel.0-20kHz". In addition, the switch shows the relevant 1 V/mm or 
1 V /m/s calibration units at the output. 

An indicator to check the status of the internal battery or external 
voltage supply. When the 2815 is switched on, the indicator should 
register within the green area (on the right-hand side of the indicator). 
If the indicator registers in the red area (on the left-hand side of the 
indicator), replace or recharge the internal battery, or external power 
supply. See sections 3.2.2 and 3.5.1. 

A BNC socket for connecting the output of the 2815 to a measuring or 
recording instrument. The maximum output voltage is 7 V. The output 
impedance is 5 Q but the load should not exceed 1 kQ in parallel with 
2nF. 

A red LED which will indicate an overload if either (or both) of the 
following conditions occur: 

1. The output of the 8323 exceeds 1 V on the 1 m/s range, or 0,2 V on 
the 0,2 m/s range 
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Input from Transducer: 

Ext. Power Supply: 

2.2.2. Rear Panel 

Signal Ground: 

Chassis: 

8 

2. The output of the 2815 exceeds 7 V in displacement mode. 

Socket for the coaxial plug (Bruel & Kjrer no. JP 1208) on the intercon
necting cable AO 0308 used between the 8323 and the 2815. 

Socket for a 7 - pin DIN plug (Bruel & Kjrer no. JP 0710). This socket is 
provided for connection of an external DC supply and also for recharg
ing the internal battery. For connections, see section 3.5.1 and 3.2.2. 

<f t!!und 
~ 

Bruel & Kiaer 

Serial No. 1450598 
Made tn Denmark 

Fig. 2.4. Rear panel of the 2815 

A two position switch to connect signal ground and chassis directly, or 
through a diode pair for protection (see section 3.2.3). 

Socket for a banana plug (Bruel & Kjrer no. JB 0002) for connection of 
the 2815 chassis to a suitable earth point, such as a mains-ground 
terminal. 

WARNING: Ensure that the chassis is connected a suitable earth point. 



3. OPERATION 

3.1. PRELIMINARY 

3.1.1. Carrying Case 

The Laser Velocity-transducer Set Type 3544 is delivered in an impact resistant 
Samsonite carrying case (see Fig. 3.1 ). The case contains the Laser Velocity-transducer 
Type 8323, the Transducer Power Supply Type 2815, the battery, the battery charger, the 
tripod and all accessories in fitted compartments. When the battery has been installed in 
the 2815, the battery compartment can be used to hold a spare battery. 

The case is fitted with a combination lock which is preset to 000. Instructions for reset
ting the combination are supplied separately with the case. 

Fig. 3. 1. The Laser Velocity-transducer Set Type 3544 is supplied (with all accessories) in a carrying case 
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3.1.2. Environment and Handling 

The 3544 can be operated in temperatures from -1 O ° C to +55 ° C with up to 90 % rela
tive humidity (non-condensing at 30 °C). 

In or out of the carrying case, the maximum safe handling shock for the 3544 is 25 g 
(peak) in any direction. 

3.2. PREPARATION FOR USE 

3.2.1. Installation or Replacement of the Battery Pack 

10 

On delivery, the battery pack QB 0040 is located in the battery compartment of the 
carrying case and is uncharged. To install the battery pack in the Power Supply Type 
2815, or to subsequently replace the battery pack, proceed as follows: 

1. Remove the five screws on the rear panel of the 2815. 

2. Slide off the top and both side covers, and remove the rear panel (see Fig. 3.2). 

3. If replacing, remove the battery pack. 

4. Ensure that the +ve and -ve connections on the new battery pack are aligned cor
rectly with the internal contacts; the battery connections should be on the upper half 
of the battery pack. Insert the battery pack. 

5. Replace rear panel, covers and screws. 

6. If you are installing a new, uncharged battery pack, proceed to section 3.2.2. 

If the battery is in a charged state, switch the Control Switch (on the front panel of 
the 2815) to any operating position and check that the Battery indicator registers 
within the green area (on the right-hand side of the indicator). If the indicator regis
ters in the red area (on the left-hand side of the indicator), recharge the battery see 
section 3.2.2. 

Fig. 3.2. Transducer Power Supply Type 2815 with panels removed 



3.2.2. Recharging the Internal Battery 

To recharge the battery, set the Control Switch (on the front panel of the 2815) to "Off" 
and connect the battery charger ZG 0166 to the Ext. Power Supply socket. Check that 
the Mains Voltage Selector on the battery charger is set correctly and apply power. A 
discharged battery will take approximately 20 hours to recharge with ZG 0166. 

Note: 

When fully charged, the internal NiCd battery will provide 2 hours continuous operation 
of the laser velocity-transducer. The power supply unit will automatically shut down when 
the battery voltage falls below the minimum working level of 11,5 V. 

Allowing the NiCd to fully discharge will damage it. Regular use, with the charge state 
not allowed to fall significantly into the red region of the battery indicator, is important 
for long battery life. 

3.2.3. Grounding Considerations 

Hum pick-up by ground-loops can cause considerable measurement inaccuracies. To 
prevent this it is essential that the 3544 and other instruments with which it is used are 
properly grounded. This can be done as follows: 

1. Connect the signal-ground lines of all instruments together. This is automatically 
done through the screens of the coaxial cables connecting the input and output 
sockets of the instruments. 

2. Ensure that the signal-ground of all instruments not equipped with a mains input 
chassis-terminal are connected to chassis. 

3. Ensure that all instruments equipped with a mains input chassis-terminal, are con
nected to mains-ground. 

4. Connect signal-ground to mains-ground on one and only one of the instruments, 
preferably by connecting signal-ground direct to chassis on the rear panel of 2815 
(Signal Ground switch to the right) and connecting Chassis to a suitable ground 
point. 

5. If the signal-ground/mains-ground connection is not being made at the 2815, then 
isolate its signal-ground from chassis (Signal Ground switch to the left) . 

3.3. SETTING UP THE LASER VELOCITY-TRANSDUCER 

3.3.1. Mounting the Laser Velocity-transducer 

The tripod UA 0989 is supplied for mounting the Laser Velocity-transducer Type 8323. 
The tripod can be assembled with the 8323 mounted above or below the centre (see 
Fig. 3.3). 

The 8323 can also be operated hand-held, but hand vibration and body shake will reduce 
the signal-to-noise ratio at frequencies below approximately 30 Hz. For measurements 
below 1 0 Hz, hand-held operation is not possible. 
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Fig. 3.3. The 8323 mounted (a) above and (b) below the tripod centre 

3.3.2. Use of the Angle Mirror Adaptor 

Important: Always ensure that the laser is switched off before fitting or removing the 
angle mirror adaptor. 

The angle mirror adaptor UA 0965 is used to deflect the laser beam in applications 
where it is not possible to align the axis of the 8323 with the target surface. 

When required, the adaptor is screwed into the front panel of the 8323, in place of the 
plane laser window. By adjusting the mirror angle, the laser beam can be deflected onto 
targets located between 30° and 95° off-axis. Rotation of the mirror housing allows the 
beam to be directed laterally through a full 360°. 

3.3.3. Operating Distance 

12 

To comply with Laser Class II for laser instruments, the 8323 uses a low output-power 
laser without focusing lenses. The operating distance, between the 8323 and the target 
surface, is therefore limited to a range of 20 cm to 80 cm for measurements with the best 
signal-to-noise ratio. Successful measurements, with a reduced signal-to-noise ratio, can 
be made at ranges down to 1 0 cm or up to 100 cm. 

Note: The optimum operating distance, for maximum signal-to-noise ratio, is 30 cm. 



3.3.4. Preparation of the Target Surface 

In most applications it will be necessary to increase the reflectivity of the target surface, 
so that sufficient light is returned to the photo-detector in the 8323. 

The simplest way to increase reflectivity is to apply a small piece of retroreflective tape 
(DU 0164 supplied) to the target surface. If the laser beam is in line with the target 
motion, the area of tape applied can be the same as the area of the laser light-spot. To 
measure lateral vibration of a rotating component, a strip of tape has to be applied 
around the component surface (see section 3.4.4). 

The target surface must be clean, dry and oil free before the retroreflective tape is 
applied. Care should be taken to avoid surface contamination of the tape. Fingerprints, 
grease, oil or water on the tape surface will decrease its efficiency and cause a lower 
signal-to-noise ratio for the measurement. 

The surface of the retroreflective tape consists of a bonded layer of small glass spheres 
which, by internal reflection, return light along the direction of incidence. A retroreflec
tive paint (3M Type 7210), which also contains glass spheres, may be used as an 
alternative. 

Note: To aid removal of the retroreflective tape from the target surface, when measure
ments are completed, acetone can be used as a solvent. It is important, however, to 
ensure that acetone will not damage the target surface 

3.3.5. Direction of Measurement 

The 8223 senses velocity in the direction of the laser beam. It is therefore important to 
ensure that the laser beam is correctly aligned to detect velocity in the desired direction. 
The use of retroreflective tape on the target surface will enable measurements to be 
obtained through a wide range of incident angles, but THE VELOCITY COMPONENT 
MEASURED WILL ALWAYS BE IN THE DIRECTION OF THE BEAM. 

3.4. MEASUREMENT PROCEDURE 

• DO NO,""' ,N,0 8'•M 

HfllUM NIQN ( .t, Sf~ 
Cl 11 SS1 

Warning! 

3.4.1. Operation 

The laser beam generated in the 8323 is safe for accidental momentary viewing 
(refer to "Safety Considerations"). All precautions should, however, be taken to 
avoid accidental viewing of the laser beam. 

Do not attempt to stare directly into the beam. 

Do not attempt to view the beam through any optical device. 

1. Prepare the Target Surface 

Clean the target surface and apply retroreflective tape as required (see section 
3.3.4.). 
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2. Set up the Laser Velocity-transducer 

(a) Ensure that the laser window, or the surface of the angle mirror adaptor if fitted, 
is clean. 

(b) Mount the 8323 so that the laser window is pointed towards the target surface, 
at an ideal range of 20 cm to 80 cm (the maximum range is 1 O cm to 100 cm). If 
the angle mirror adaptor is fitted, ensure that the mirror surface is angled to 
direct the beam towards the target. 

(c) Select a velocity Range ("0-0,2 mis" or "0-1 mis") on the rear panel of the 
8323. 

3. Connect the Transducer Power Supply and a Measurement Instrument 

(a) Check that the Control Switch on the 2815 is in the 1t0ff" position. 

(b) If an external DC power supply is to be used, connect it as described in 3.5.1. 

(c) Use the cable AO 0308 to connect the Output socket of the 8323 to the Input 
from Transducer socket on the 2815. 

(d) Use the cable AO 0087 (supplied) to connect the Output BNC socket of the 2815 
to a suitable measurement instrument as shown in Fig. 3.4. 

4. Switch on the power 

(a) On the 2815, select "Displ." or "Vel." in the frequency range required. 

(b) The Battery indicator on the 2815 will show the battery state. If the indicator 
does not register in the green area refer to section 3.2.2. 

(c) The laser will strike and the Lock Error LED on the 8323 will light. 

(d) The Lock Error LED should switch off within 30 seconds indicating that 8323 has 
stabilized for the Range selected. 

5. Align the laser with the target surface 

Adjust the alignment of the 8323, or the angle mirror adaptor, so that the red spot of 
laser light can be seen on the prepared target surface. 

6. Adjust for maximum returned-light level 

On the rear panel of the 8323, observe the Light Level meter and rotate the Light 
Level Adjust control to obtain the maximum possible level indication. 

Note: 

(a) The level indicator will reach a peak, and then begin to fall with continued 
rotation of the control. If the maximum level does not reach the calibration mark 
on the indicator, reduce the distance between the 8323 and the target (if possi
ble) and repeat operations 5 and 6 above. 



(b) If it is not possible (in a particular application) to adjust the light level indicator 
to the calibration mark, measurements can still be made. The signal-to-noise 
ratio and the dynamic range will be reduced, but successful measurements can 
still be made over a narrow frequency band. 

7. Range selection 

To optimize the output from the 3544 during operation, range changes may be re
quired on the 2815 and/or the 8323. Operation of the Range switch (on the 8323) will 
cause a Lock Error indication for the time taken for the reference disc speed to 
stabilize, approximately 30 seconds. 

An Overload indication will occur on the 2815 when either its input or its output are 
overloaded. 

3.4.2. Measurement of Velocity and Displacement 

The output from the Laser Velocity-transducer Set Type 3544 is a voltage time signal 
proportional to either the velocity or displacement of the target surface. A wide range of 
measuring instruments can be used with the 3544 to make wideband or narrow-band 
measurements, see Fig. 3.4. 

8323 

Target 

Retroreflective 
Tape 

Dual Channel 
Real-Time Analyzer 

2133 

2815 

Wideband 
Analysis 

Narrow Band 
Analysis 

• ~ = ..... •• . . 
Dual Channel Analyzer 

2032 (or 2034) 

7006 + ZM 0053 for DC recording 
+ ZE 0299 for non-DC recording 

Digital Voltmeter 
2432 

Measuring Amplifier 
2610 

Vibration Analyzer 
2515 

~ r-: ::::==:: 
High Resolution 
Signal Analyzer 

2033 
880349 

Fig. 3.4. Brue/ & Kjrer instruments for wideband and narrow-band 
measurements with the Laser Velocity-transducer Type 3544 
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Wideband measurements 

For wideband measurements, a digital voltmeter such as the Bruel & Kjrer Type 2432, or 
a measuring amplifier Type 261 0 can be used. Table. 3.1 gives the wideband measure
ment limits of the 3544 in terms of velocity and displacement. The output voltage and 
the frequency range of the measurement depend on the range selections made on the 
8323 and the 2815. The output from the 3544, depending on the selection of velocity or 
displacement, will be 1 V /m/s or 1 V /mm. 

Wideband recordings can be made on Portable Tape Recorder Type 7006. 

Range Setting on 8323 Measurement mode on 2815 
Equivalent Maximum Velocity (or 

Tolerance Noise (RMS) Displacement) (Peak) 

0-0,2 mis 

0 - 0,2 mis 

0 -1 mis 

0 -1 mis 

0 - 0,2 mis 

0 -1 mis 

VEL. 0 - 2 kHz 1 mmls 0,2 mis ± 0,2 dB 

VEL. 0 - 20 kHz 1,5 mmls 0,2 mis ± 0,5 dB 

VEL. 0- 2 kHz 1,5 mmls 1 mis ± 0,5 dB 

VEL. 0 - 20 kHz 2,5 mmls 1 mis ± 0,5 dB 

DISP. 0,3 - 20 kHz 20µm 7mm 

DISP. 0,3 - 20 kHz 20µm 7mm 
T02122GBO 

Table. 3. 1. The wideband measurement limits of the 3544 

Narrow-band measurements 

In many applications, narrow-band measurements will be required to determine the fre
quency content of the 3544 output signal. Bruel & Kjrer manufacture a comprehensive 
range of narrow-band analyzers, including the Vibration Analyzer Type 2515, the Dual
channel Signal Analyzers Type 2032 and 2034, the Real-time Frequency Analyzer Type 
2133 and the High Resolution Signal Analyzer Type 2033, any of which may be used with 
3544. 

To operate the 3544 with an analyzer, connect the Output socket of the transducer 
power supply unit to the Direct Input socket of the analyzer. Set the Direct Input of the 
analyzer to the "1 V /V", "1 V /m/s" or "1 V /mm" range so that the displayed results can 
be interpreted directly in mis or mm. 

Narrow-band measurements, at frequencies not coincident with harmonics of the refer
ence disc speed, can be made over an extended dynamic range (see section 4.4.2). 

3.4.3. Absolute Measurements of Velocity and Displacement 
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The laser velocity-transducer detects the relative velocity between the laser and the 
target surface. When mounted on solid ground, the motion of the laser will be negligible 
and may be ignored. 

If the laser is subjected to significant levels of vibration, however, it will be necessary to 
use an accelerometer to measure the longitudinal vibration of the laser. An absolute 
measurement of velocity, or displacement, can then be derived from the difference be
tween the accelerometer and laser velocity-transducer outputs. 



The rear panel of the 8323 is made of steel so that an accelerometer (such as 
BrOel & Kjrer Type 4384) can be attached by means of a mounting magnet. A Charge 
Amplifier Type 2635 with built-in integrators, can be used to condition the accelerometer 
signal and give an output in terms of either velocity or displacement. 

The absolute velocity, or displacement, can then be obtained by subtracting the acceler
ometer output signal from the laser velocity-transducer signal by use of a differential 
amplifier. 

3.4.4. Measurements on Rotating Surfaces 

To measure radial vibrations on a rotating component or shaft, proceed as follows: 

1. Surface preparation of a rotating target 

To prepare the target surface for this type of measurement, a strip of retroreflective 
tape must be applied around the component so that no loss of reflected light will 
occur when the target rotates. A small overlap in the strip of tape will cause no 
problem unless the targeted component has an extremely low mass. 

2. Set up the laser velocity-transducer and make the measurement 

Follow the set-up and measurement proceedures given in section 3.4.1. steps 2 to 7, 
but ensure that the direction of the laser beam is aligned with both the desired 
direction of measurement and the centre-of-rotation of the target. 

3. Interpretation of the measurements 

The 3544 will not interpret surface imperfections or eccentricity of the rotating target 
as radial vibration. This can be shown as follows: 

Fig. 3.5 shows an example of a rotating shaft with an irregular geometry. The shaft 
is rotating with an angular frequency of w, corresponding to a tangential velocity of 
Vat the point where the laser beam is incident. The point of incidence is a distance 
r from the axis of rotation, and vertical distance d below it. 

The tangential velocity can be resolved into two mutually perpendicular components 
Vx and Vy. The component in the direction of the beam, Vx, can be written: 

and 

thus 

Vx = Vsina 

V = rw 

d r=-.
sma 

d Vx = rw.- = uJd 
r 

(where a is the angle indicated in Fig. 3.5) 

This shows that Vx is independent of r, the 3544 will therefore not interpret surface 
irregularities (changes in r) as vibration. 

If d is not equal to zero the 3544 will detect the component uJd. This will produce a 
constant (zero frequency) output proportional to the rotational frequency of the tar
get. It is therefore important to ensure that the laser is closely alligned with the 
centre-of-rotation. If d has a significant value, then the output due to wd will also be 
significant and could overload the output of the 8323. 
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Fig. 3.5. Measurement of radial-vibration on an irregularly shaped ro
tating shaft 

3.5. USE WITH EXTERNAL POWER SUPPLIES 

3.5.1. Operation with an External DC Power Supply 

An external DC power supply can be connected to the Ext. Power Supply socket on the 
Transducer Power Supply Unit Type 2815. The voltage required is 12 -15 V at a nominal 
current of 1,5 A, but with a peak start-up requirement of 4 A. The pin connections for the 
7 - pin DIN plug (Br0el & Kjrer No. JP 0710) are shown in Fig. 3.6. 

Charge 
+ 24 V 
0,4 A 

ov 

Ext. Power 
+12 V -+15 V 

4 A 

893354e 

Fig. 3.6. The EXT. POWER SUPPLY socket connections (2815) 

3.5.2. Recharging the Internal Battery during Operation 

It is not possible to operate the laser and recharge the internal battery with the battery 
charger (ZG 0166) at the same time. The start current required by the laser is 4 A, and 
the current limit of the ZG 0166 is 0,4 A. If operation and charging are required simulta
neously, a separate charge source (12-15 V, 4 A) must be used. 

3.5.3. Power Supply Fuse 
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The Transducer Power Supply Type 2815 is fitted with a 2,5 A fuse (Br0el & Kjrer No. 
VF0029). The fuse holder, shown in Fig. 3.7, is located inside the bottom panel of the 
2815. Before replacing the fuse, ensure that the Control Switch is "Off" and that any 
external power supply in use is disconnected. The bottom panel can be removed after 
the locking screw, on the front panel of 2815, has been rotated half a turn counter
clockwise. Only fuses of the correct rated current and specified type are to be used for 
replacement. The use of repaired fuses and short circuiting of the fuse holder is 
prohibited. 



Fig. 3. 7. Fuse holder containing the power fuse in the 2815 
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4. CHARACTERISTICS 

4.1. MEASUREMENT PRINCIPLES 

4.1.1. Laser Optical System 

20 

Laser light is used in the 8323 because when a laser beam is split and subsequently 
recombined a well defined phase relationship still exists in the recombined beam, even if 
its component beams have travelled different distances. This is known as temporal co
herence, and the maximum path difference over which it holds true is the coherence 
length. 

Rotating 
Disc 

Cylindrical Lens 

.. 
Moving Prism 

Reference Beam 

Laser 

Velocity Output ------- Signal 
Processing 
Electronics t-------------t 

FM Signal 

Fig. 4. 1. Arrangement of the main components in the 8323 

893355e 

Fig. 4.1 shows the arrangement of the main optical components in the 8323. The laser 
light (frequency v) is split by the beam-splitter into two separate beams - the target 
beam and the reference beam. 

The target beam is directed onto the surface of a vibrating target, and is reflected back 
along its incident path by a small patch of retroreflective tape. The returned light is 
frequency-modulated by a variable Doppler shift due to the velocity of the target. The 
frequency range of the modulation is v ± v0 , where v0 is the Doppler shift due to the 
maximum velocity of the target. This frequency modulation (FM) contains the required 
measurement but, since the frequencies are of the order of 1015 Hz, it is not practical to 
demodulate the signal directly. The returned target beam has first to be heterodyned 
with a reference beam so that the high frequency component can be reduced. 



The reference beam is directed, by an optical system, onto a rotating reference disc set 
at an angle to the direction of incidence. The surface of the disc is covered with retrore
flective tape, and its speed of rotation is controlled by a crystal oscillator. The frequency 
of the returned reference beam (v + vR) is increased by a constant Doppler shift due to 
the constant speed of the reference disc. 

The two returned beams are recombined at the beam-splitter and directed onto the 
surface of a photodiode where they heterodyne. The output from the photodiode is an 
FM signal with a frequency range vR ± v0. 

It is necessary to frequency-shift the reference beam to prevent loss of signal as the 
target velocity passes through zero, it also allows the direction of the velocity to be 
determined as either positive or negative. 

Operation of the Range switch on the 8323 selects one of two reference disc speeds 
(240 rpm and 900 rpm) to optimize the dynamic range of the measurement. 

The Light Level Adjust control on the 8323 varies the position of the movable prism, and 
hence the distance travelled by the reference beam. The adjustment procedure (given in 
chapter 3) ensures that the path difference between target and reference beams, is kept 
within the coherence length for the laser light. 

4.1.2. Signal Processing Electronics 

Output 

The output from the photodiode is a frequency modulated signal centred on the refer
ence frequency. The signal processing electronics use a well established demodulation 
technique (see simplified block diagram in Fig. 4.2). The FM signal is first amplified and 
limited to remove amplitude modulation, and then applied to a precision switch circuit. 
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Fig. 4.2. Simplified block diagram of signal processing electronics in the 8323 
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At the switch, each positive-going zero-crossing of the FM signal triggers a constant
width pulse, with an amplitude defined by a Bandgap Reference voltage source. The 
result is a train of identical pulses at a repetition rate equal to the frequency of the (FM) 
modulated signal. The average voltage value of the pulse train is directly proportional to 
its repetition frequency, and hence is directly proportional to the original modulating 
signal, the target velocity. 

An auto-calibration process is used to control the accuracy of the demodulation. At 
intervals the FM signal is gated off for a calibration period during which a crystal con
trolled frequency (equivalent to a demodulated zero) is applied to the demodulator. The 
zero detected during the auto-calibration is compared with a reference zero. Any error 
detected is then used to fine-tune the width of the constant-width pulses generated at 
the precision switch. The signal output of the 8323 is via a sample-and-hold circuit which 
is gated to prevent interruption of the output signal during auto-calibration or any inter
mittent loss of the laser signal. Auto-calibration occurs at a repetition frequency of 
422 Hz (2,37 ms intervals), the calibration signal is applied for 1 /512 of the repetition 
frequency (4,6 µs). 

4.2. ACCURACY AND CALIBRATION 

Velocity detection in 8323 is a fundamental technique. It relies on the constancy of 
velocity, wavelength and on temporal coherence of the laser light. The electronics used 
to convert the detected signal into a calibrated output in V /m/s, depend on accurate and 
stable references for time, frequency and voltage. 

The time and frequency references for gate networks, auto-calibration and disc speed 
control, are derived from a crystal with a stability of ± 20 ppm (-20°C to + 70°C). The 
voltage source used to define the voltage output of the FM demodulator is a Bandgap 
Reference with a stability of 100ppm/°C. The output of the 3544 is factory preset to give 
outputs of 1 V /m/s (or 1 V /mm), within the specified voltage offset limits, with no user 
adjustments. 

The laser velocity-transducer set is therefore not supplied with a calibration chart. Users 
who are required to maintain an "in date" certificate of calibration, should calibrate the 
3544 on an accelerometer calibration system. 

4.3. FREQUENCY RANGE AND PHASE 
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Figs. 4.3 and 4.4 show the frequency response of the 2 kHz and 20 kHz filters in the 2815. 
The frequency response of the integrator, used to convert the output to displacement, is 
shown in Fig. 4.5. 

Target movement towards the laser increases the Doppler frequency to give a positive 
velocity value. 
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4.4. NOISE AND DYNAMIC RANGE 

4.4.1. Noise Floor 
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The noise spectra obtained for the two ranges (selected on the 8323) and the two modes 
(selected on the 2815) are shown in Fig. 4.6. The full scale component in each spectrum 
is a measurement made on a calibrated vibration exciter operating at a frequency of 
160 Hz and a vibration velocity amplitude of 1 O mm/s. 

Most of the noise floor is due to the rotating disc used to produce the Doppler reference 
frequency. The disc is covered with retroreflective tape which has a dense surface coat
ing of small glass spheres. Since the reference beam has a finite cross sectional area, 
many of the glass spheres are illuminated at the same time, and each illuminated sphere 
is an individual retroreflective source. 

This causes noise in three ways: 

1. There is a velocity gradient across the laser beam. This produces a range of Dopp
ler shifts which broaden the Doppler frequency component of the reference beam. 

2. As the disc rotates, individual g
1

lass spheres are illuminated for a very short time. 
The returned light is therefore a rapid series of intensity "bursts", which again cause 
broadening of the Doppler frequency component. 

3. With rotation of the disc, the spatial distribution of glass spheres repeats with each 
revolution. The pattern of intensity fluctuations therefore repeats producing peaks in 
the noise spectrum at harmonics of the disc rotation frequency. 
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Fig. 4.6. Noise spectra of the 3544 for the two ranges (8323) and the two modes of operation (2815) 

4.4.2. Lower Measurement Limit 

The lower measurement limit is defined by the noise floor. For wideband measurements, 
the equivalent noise values are given in Table. 3.1 (above). 

Narrow-band measurements, of frequencies which do not coincide with the noise peaks, 
may be made down to lower levels. In applications where the velocity measurements are 
below 0,2 mis, it is possible to "shift" the noise peaks by operating the 8323 Range 
switch to change the reference disc speed. 
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4.4.3. Upper Measurement Limit 
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The maximum vibration velocity that can be measured is 1 m/s peak. This upper mea
surement limit depends on the maximum frequency "swing" that can be accommodated 
by the FM demodulator. High velocities produce frequency shifts which swing down 
close to zero (see Fig. 4.7), the higher reference disc speed is therefore used on the 
1 mis range to allow the maximum swing. 
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5. SERVICE AND REPAIR 

The design and construction of the Laser Velocity-transducer Type 8323 and the Power 
Supply Type 2815 ensure that the Laser Velocity-transducer Set Type 3544 will maintain 
its specification, and operate satisfactorily for many years. If a fault does occur which 
affects the operation or the safety of the 3544 then disconnect the two instruments and 
ensure that they cannot be operated unintentionally. For repair contact your local 
Bruel & Kjcer service representative. 

Under no circumstances should repair be attempted by persons not qualified in the 
service of electronic instrumentation. 
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