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INTRODUCTION 

The accelerometer is an electromechanical transducer which produces at 
its output terminals an e.m.f. proportional to the acceleration to which the 
transducer is subjected. The output signal can be electronically processed 
and read on a meter or some other suitable indicating device. 

The BrUel & Kjc;er accelerometers are small, light and of rugged construc
tion, suitable for most vibration measurements, both in the laboratory and 
in field environments though versatility in use has been a prime goal and 
special care has been taken to ensure a wide frequency range, high sensitivi
ty and good temperature characteristics. Furthermore, these accelerometers 
have low transverse sensitivity, negligible base strain sensitivity and low 
sensitivity to severe environmental conditions, such as humidity, high 
temperature, corrosive atmospheres and magnetic fields. The acoustical 
sensitivity and influence of cable whip are also minimized. 

The accelerometers are designed for measurements on parts subjected to 
mechanical vibrations, such as machinery, vehicles, ships, aircraft, buildings 
etc., and are also used as controlling elements for vibration test purposes. 
Combined with the B&K preamplifiers and frequency analyzers the frequen
cy spectra of the vibrations can be readily analysed. 

For absolute measurements it is necessary to know the sensitivity of the 
vibration transducer employed. Each B&K accelerometer is supplied with 
individual calibration data and a frequency response curve, all taken as part 
of the production test procedure. The aim has been to supply the maximum 
amount of information of the calibration sheet to ensure a completely 
predictable performance of the accelerometers. 

The accelerometers have type number 4338 during the production and 
calibration stages. When they are sold they are accompanied by certain 
accessories, such as cables, mounting screws etc. and have the following 
ordering specifications: 

Accelerometer Sets Type 4318 
Accelerometer Packages Type 4358 

The type 4338 is especially suitable for measuring low vibration levels on 
heavy machinery where a high sensitivity ac.celerometer is required. 

See chapter 1 0, Specifications. 
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1. DESCRIPTION 

CONSTRUCTION 

The Brllel & Kjcer Accelerometer type 4338 is a high sensitivity accelero
meter with a new inverted single-ended compression design which results in 
low sensitivity to strain, temperature variations, acoustic noise, magnetic 
fields and transverse vibration. The construction is shown schematically in 
Fig.1.1. The sensitivity is made to be 100 pC/g for use with charge ampli
fiers with fixed gain. 

~~----Mass 

1!::::~~¥4-- Spring 

2i.915-l 

Fig.1.1. Schematic drawing of a piezoelectric accelerometer 

The transducing elements are two piezoelectric (Lead Zirconium Tita
nate) discs which are clamped by a stiff spring between a mass and the 
housing of the accelerometer. When the accelerometer is subjected to an 
acceleration, the mass exerts a force on the piezoelectric discs proportional 
to the acceleration, and due to the piezoelectric effect, a potential diffe
rence appears across the discs. Though it is difficult to measure constant 
accelerations with this type of transducer, accelerations at frequencies 
between a fraction of 1 Hz to several kHz can be measured with high 
accuracy. For frequencies much lower than the resonance frequency of the 
mass and spring, the acceleration of the mass will be the same as the accele
ration of the whole transducer. Close to the resonance frequency the output 
will rise, as can be seen in the frequency response curve supplied with the 
accelerometer. 
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The accelerometer housing is of stainless steel construction (AISI 316), 
rugged and waterproof and resistant to corrosion. Provision is made for 
watercooling so that operation is possible on surfaces with temperatures up 
to 10QOOC. 

The high precision and stability of these transducers should meet the 
requirements of the majority of scientists and vibration engineers, for all but 
the most specialized applications . 

.. I 1·16mm-0,63" 

--$-2M489 
Fig. 1.2. Physical dimensions of the Accelerometer Type 4338 

PHYSICAL DIMENSIONS 

It is generally true that an accelerometer should be as light as possible in 
order not to influence the vibration of the specimen on which it is mounted. 
For measurements on heavy machinery etc. this causes no problem but for 
lighter structures, such as for example a thin metal plate, the transducer 
weight is important. 

is 
The resonance frequency of a vibrating single degree of freedom system 

fo = J_ 1/ k 
2n r mo 

where m0 is the effective lumped mass and k is the lumped stiffness restrain
ing the mass. 

It is easily seen that adding another mass, e.g. an accelerometer, will 
result in a change in resonance frequency according to the formula 

~-1~~-
fo - r m, + mo 

where f1 is the new resonance frequency and m1 is the added mass. 
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Thus any mass added to a vibrating structure will influence the vibration 
to some extent, but provided the added mass is small the influence is often 
negligible. A 10% increase in mass will reduce the resonance frequency by 
about 5%. 

The sensitivity of a piezoelectric accelerometer is directly proportional 
to the mass acting on the piezoelectric disc. This limits the extent to which 
the accelerometer weight may be reduced without loosing too much of the 
sensitivity., The requirements of high sensitivity, low strain sensitivity and 
good high frequency response are in conflict with requirements for small 
physical dimensions and weight, so that for general purpose accelerometers 
some useful compromise must be found. 

ENVIRONMENTAL SENSITIVITY 

Accelerometers are often used to measure vibration in the field or on 
specimens subjected to severe environmental tests. It is therefore important 
that their sensitivity to environmental changes is as small as possible. The 
factors that may influence accelerometers performance are primarily tempe
rature, humidity and rapidly varying ambient pressure (Sound). The tempe
rature effect is to reduce the voltage sensitivity of the accelerometer at 
higher temperature, but if the accelerometer has undergone a suitable 
temperature cycling process in the production stages, the sensitivity will 
revert to its normal value when the temperature is brought back to normal 
again. Beyond a certain temperature (the Curie point) the piezoelectric 
element is permanently damaged. 

The Bruel & Kjcer accelerometer Type 4338 is designed to be used for 
temperatures up to 2600C (5000 V) without cooling and up to 1 ooooc 
with water cooling. The sensitivity will be slightly reduced at the higher 
temperatures, but the necessary heat cycling process has been carried out, so 
that no permanent change will take place. It should be noted that great care 
has been taken to use materials which will withstand high temperatures. The 
thermal coefficient of expansion of insulating material and metal parts are 
carefully matched in order to maintain humidity sealing. 

The accelerometers are brought up to 2500C and left to cool down to 
about 500C several times during production and calibration until perfor
mance is stable. 

Tests have also been conducted in order to find the influence of low 
temperatures on accelerometer performance. The voltage sensitivity in-
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creases steadily down to some -1 oooc arid then levels out, while the capaci
ty undergoes a gradual decrease with decreasing temperature. The charge 
sensitivity is practically constant. 

Typical performance characteristics are given in Fig.1.3 for the tempera
ture range -100 to+2600C (-150 to+5000 F). 

-148•F 

-100 

dB 
6 

-2 

-3 

-4 

-5 

-6 

I 
Voltage Sensitivity 

571•F 

3oo •c 
Temperature 

NI,UI 

Fig.1.3. Typical performance characteristics for the accelerometers in the 
temperature range -100 to + 26()0C. 

Cooling 

When the accelerometers are fixed on surfaces with temperatures exceed
ing 2500C it is possible to reduce the temperature of the accelerometer 
base by inserting a cooling plate between the base and the measuring sur
face. 

When a mica washer such as the one included in the Accelerometer Kit 
4318 is used between the mounting surface and the cooling plate, experi
ence has shown that temperatures up to 350-4000C may be measured on 
the mounting surface with less than 2500C in the accelerometer base. 

A stream of air passing over the cooling plate considerably aids the 
cooling process. The set-up shown in Fig.1.4 has been tested in the labora
tory. 
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In this set-up the mounting surface was heated to 4500C while less than 
2000C were measured in the accelerometer base. 

Water cooling, by pumping water through the base of the accelerometer 
by means of the tubes provided, is a more efficient method of cooling. With 
a flow of 1-2 litre/hr., the accelerometre should operate 'Succesfully when 
mounted on surfaces with temperatures up to 1 ooooc. The water can be 
supplied via silicon rubber tubes, B&K Type AF 502 (3 x 8 mm internal 
diameter). 

For high temperature measurements one should always employ Teflon 
cable, B&K part No. AO 0038 is based on Polyethylene and PVC which will 
not withstand more than 1 oooc. Also for low temperature measurements, 
from -400C downwards, the Teflon cable should be employed. 

265730 

Fig. 1.4. Forced air cooling of an accelerometer. 

Vacuum Test 

The B&K accelerometer Type 4338 is sealed and tested under water in 
an evacuated jar for leaks. This eliminates the risk of inferior performance in 
moist atmospheres or environmental test chambers where heavy condensa
tion may take place. 

A photograph of the test set- up is shown in Fig.1 .5. The smallest leaks 
show up immediately as bubbles rising to the surface. 

When the accelerometers are used for measurements in liquids or in very 
moist environments it is necessary to seal the cable entry, as shown in 
Fig.1.6. 

A good sealant for the cable entry is for example Dow Corning Silastic 
RTV 731 (room temperature vulcanizing silicon rubber) or General Electric 
equivalent. These sealants show excellent performance for a wide tempera
ture range, (-100 to+5000 F). 
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Fig. 1.5. Vacuum test set-up. 

Acoustical Sensitivity 

Effects due to acoustical excitation are unavoidable with piezoelectric 
accelerometers, but may be reduced by careful design. The B&K accelero
meters are of a rigid, mechanically isolated construction and pressure varia
tions in the air will have little effect on the force exerted on the piezoelec
tric element. One may generally assume that the vibrations induced in the 
vibrating specimen will give rise to a much higher acceleration signal than 
the direct acoustical excitation of the accelerometer itself. In cases where 
very low accelerations are to be measured in an intense acoustic field, 
however, care must be exercised in order to obtain correct results. Typical 

Sealant 

m»»»m»>~;;; 
2 6572.11 

Fig.1.6. Sealing of cable entry. 
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acoustic sensitivity for the accelerometers has been measured and found to 
be less than 0.1 pV /pbar. At 194 dB sound pressure level the output is less 
than 1 g equivalent vibration. 

Magnetic Sensitivity 

The magnetic sensitivity has been found to be less than 0.5 ,_.v /Gauss for 
the least favorable orientation of the accelerometer in the magnetic field. 

POLARITY 

The polarity of the accelerometers is such that an acceleration directed 
from the mounting surface into the body of the accelerometer results in a 
positive e.m.f. on the centre conductor of the output terminals. 
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Fig.1.7. Typical output versus shock amplitude plot. 



SHOCK PERFORMANCE 

Accelerometers will often withstand higher shock in one direction than 
the other while not exceeding the maximum limit of the accelerometer. The 
mass is pressed against the ceramic with a certain force and this force 
determines the upper limit to which the accelerometer output will increase 
linearly with increased shock amplitude in the negative direction. In the case 
of 4338 however, the mass-spring system is designed very carefully to avoid 
this affect. The curves given in Fig.1.7 apply to schocks in both positive and 
negative directions. 

EFFECT OF MOUNTING TORQUE 

The effect of mounting torque is less than 1% change in sensitivity up to 
5000 Hz for 6-60 kgcm (5 to 50 lb-in) mounting torque. 

LONG TERM STABILITY 

A prime goal during design and manufacture has been to achieve maxi
mum stability under severe environmental conditions. However, when an 
accelerometer is used for measurement under severe conditions of shock and 
heat, one should not rely on this as a primary standard. It would be advis
able to recalibrate such an accelerometer at relatively short intervals of time. 

However, a calibration vs. time history is closely followed for a number 
of representative units taken from production lots and they show less than 
2% change per year. 

PIEZOELECTRIC MATERIALS 

The quality of piezoelectric accelerometers depends largely upon the 
performance of the material used for the sensing elements. Monocrystalline 
materials such as quartz and Rochelle salt have . been used in the past, but 
are now superseded by polycrystalline, artificially polarized ceramics like 
barium titanate, lead zirconium titanate, lead metaniobate or similar materi
als. Large variations in electrical and mechanical properties are obtained by 
small changes in composition, and most manufacturers are continuously 
investigating and improving their compositions in order to make them more 
suitable for their particular purposes. 
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The most important factors for general purpose accelerometers are Curie 
point, sensitivity, temperature stability, capacity, resistance and time stabili
ty. Unfortunately some of these are conflicting, high sensitivity for 
example, has often to be sacrified for good time or tem'perature stability. 

In the table below are given some properties of commonly used ceramics 
as given by their manufacturers. The Curie point is the temperature at which 
the ceramic changes its crystal structure and loses its polarization, the piezo
electric constant indicates the sensitivity, and the dielectric constant indi
cates the capacity for a given shape and size. Trade names are used as the 
true composition of the ceramic is usually not disclosed by the manufac
turer. 

Manufacturer and Curiepoint Piezoelectric Dielectric 
Trade Name oc Constant Constant 

1 0-1 2 Cou I./Newt. (Rei.Perm.) 

Clevite 
Ceramic "B" 115 149 1300 

Clevite 
PZT4 325 285 1475 

Quartz & Silice 
p 1-60 351 400 1500 

Plessey 
Casonic Grade 3 120 83 1000 

Quartz 300 2 4 

B&K (1966) 350 300 1500 

NATURAL RESONANCE FREQUENCIES 

The natural resonance frequency of an accelerometer is not fixed. It 
depends not only upon the mass and stiffness of the accelerometer but also 
upon the mass (and stiffness) of the object on which it is mounted. 
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Some confusion persists as to what is the natural frequency and different 
definitions are seen. 

The situation is best illustrated with a drawing. Fig.1.8a shows a schema
tic drawing of an accelerometer which consists of several masses and springs 
connected in series. These springs are representations of the contact stiffness 
between the various parts of the accelerometer. 

This mechanical system can be further simplified into that of Fig.1.8b. 
Here M is the seismic mass resting on the the piezoelectric element, 8 is the 
mass of the accelerometer base and housing. K is the equivalent stiffness of 
the system between M and B. The natural frequency of such a system is 
equal to 

where fM is the natural resonance frequency of the mass M upon the spring 
of stiffness K. 

Seismic mass 

Contact stiffness 

Piezoelectric disc 

Contact stiffness 

Piezoelectric disc 

Contact stiffness 

Mass of base 

a) 

M 

K= Equivalent 
stiffness 

b) 
266o20 

Fig. 1.8.a. Schematic drawing of accelerometer as a dynamic system. 
b. Simplified system. 
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Now two resonance frequencies are easily thought of: 

1. The free hanging resonance frequency, i.e. the resonance frequency 
obtained with the system freely suspended in air. 
This ·resonance frequency is entirely dependent upon the ratio of M 
and B, and it is seen that making the base B very light the resonance 
frequency may be very high. This resonance frequency is therefore of 
no practical value, in fact the higher it is compared with the mounted 
resonance frequency ·defined below the poorer is the mechanical 
part on which the vibration is measured). 

2. The mounted resonance frequency with the accelerometer firmly 
fixed to a structure of infinite stiffness and mass. 

This results in a value forB of infinity and the resonance frequency of 
the mass M on the spring of stiffness K. 

This resonance frequency is of great practical value as it is approxi
mately the one obtained when the accelerometer is mounted on a 
structure which is heavy compared with the accelerometer mass. 

Unfortunately it is difficult to measure the mounted resonance frequen
cy as defined above, since an infinitely heavy mass is hard to bring into 
motion. A compromise has therefore to be made and there are standards 
which define the mounted resonance as that obtained with the accelero
meter mounted on a one inch cube of steel (Bruel & KjCBr use a steel block 
of weight 180 gram). Such a block is easily set into controlled motion at 
frequencies up to some 50 kHz. 

This mounted resonance may be used directly as a basis for vibration 
measurements as· long as the accelerometer seismic mass is much smaller 
than the mass of the calibration mounting block. The natural frequency 
obtained is practically identical with the mounted resonance frequency on 
an infinite mass. 

However, when the accelerometer mass is large the natural frequency 
obtained will be too high, thus if B = 5 M we obtain 

fo = fM V 1 + 0.2 = 1.1fM 

i.e. a value which is 10% high. 
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8 

B=base+180grams 

Fig.1.9. PoSsible configurations for definitions of natural resonance frequency. 

For the BrUel & Kjrer accelerometers the ratio of weights of the seismic 
mass to the weight of the base is about 1 :1 and therefore the free hanging 
resonance will be about 1.5 times the mounted resonance and the resonance 
obtained on the 180 grams block of steel is 2-4% higher than that which 
would be obtained on ail infinite mass. 

A small difference in resonance frequency is obtained by considering the 
damping present in the accelerometer. Thus undamped natural frequency is 
defined as the frequency at which the difference between the motion of the 
mass and base lags the motion of the base by a phase angle of goo, whereas . 
damped natural frequency is the frequency of decaying oscillations after an . 
initial excitation. The difference is negligible for high Q piezoelectric accele
rometers such as the ones manufactured by Bruel & Kjrer. 

The undamped natural frequency given on the B&K accelerometer cali
bration charts is the free hanging undamped natural frequency. 
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2. FACTORY CALIBRATION 

Each individual accelerometer has undergone a very thorough ageing, 
testing and calibration procedure to ensure the user of a high quality pro
duct. A typical calibration chart as supplied with the accelerometers is 
shown in Fig.2.1. 

-:-.....::-rr •·.U ..... . .Q:6. ••• ' CI 
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Fig.2.1. A typical calibration chart. 

CABLE CAPACITANCE 

The capacitance of the accelerometers is given including the capacitance 
of the ordinary B&K connecting cable, so that when other cables are used, 
the change in cable capacitance must be taken into account, as this deter
mines the effective sensitivity of the accelerometer. To find the capacitance 
of the accelerometer alone, deduct the cable capacitance given on the cali
bration chart. The standard length of cable included is 1.2 m (4ft). 

The capacitance of the 1.2 m cable is around 105 pF (micromicrofarad) 
but the individual value is given on the calibration chart. 

VOLTAGE SENSITIVITY 

The voltage sensitivity of the accelerometers with connecting cable is 
determined at a frequency of 50 Hz and at room temperature (appr. 2QOC). 
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Ac:c:elerameler 
Preamplifiers 
Type 2623 

Referenc:e Voltage 

Unknown 
Acceleromeler 

I Frequency Analyzer 

~~!.........j Stroboscope 
and 100Hz 
50 Hz Standard 100Hz 

....__,SO,_,_H=z _.,Va.:.::ria=bl~e .:....V --1 Generator Frequency 

Fig.2.2. Set-up used for calibration of absolute sensitivity of the 
accelerometers. 

Fig.2.2 shows the instrumentation employed. 

The accelerometers are calibrated at 50 Hz, the frequency being control
led by a crystal controlled 100 Hz frequency standard, which gives a fre
quency accuracy better than±0.01%. 

The shaker providing the mechanical excitation is mounted on a large 
concrete block which is· supported by steel springs, giving the whole as
sembly a natural resonance frequency of about 1 Hz. This ensures isolation 
from background vibration. 

The calibration of all units is achieved by comparison between a standard 
accelerometer and the unknown in a back mounting as shown in Fig.2.2. 
The · standard is frequently checked with a microscope observing the dis
placement directly, with an accuracy of± 1%. 

The distortion in actual vibration units is kept below 2% and max. influ
ence on peak to peak amplitude below 0.5%. 

The output from the accelerometer is measured with a B&K Frequency 
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Analyzer set to 50 Hz and calibrated with a reference voltage of exactly the 
same frequency as the signal to the shaker, giving a total voltage measuring 
accuracy of±0.15%. 

The total accuracy on the sensitivity calibration of the accelerometers is 
thus better than± 2%. 

The calibration vs. time history is closely followed for a number of 
representative units taken from production and they show less than 2% 
change per year. 

Note that the calibration of voltage sensitivity is valid for the accelero
meter with its individual connecting cable, and remember to take any 
change of cable capacitance into account when different cables are 
employed. 

Also the input capacity of the preamplifier must be taken into account. 
The influence of this capacity in the calibration set-up is eliminated with a 
substitution measurement. In practice the capacity will be less than 10 pF 
using a normal B&K amplifier and plug such as B&K Cathode Follower 
Type 2615, Source Follower 2616 or 4 pF in the case of Preamplifier 2613. 

Note also the units employed in the calibration. The sensitivity is given 
in mV/g = mVRMslgRMS = mVPeak/gPeak· If, for example, the sensitivity 
is required in mVRMs/gPeak the sensitivity given should be multiplied by 
0.707. 

CHARGE SENSITIVITY 

The calibration of the accelerometer charge sensitivity is achieved with 
the same set-up as described in the previous section. The voltage preampli
fier (2623) is replaced by the charge amplifier (2624), see Fig.2.2, and the 
accuracy of the calibration is the same as before. The charge sensitivity is 
expressed in pico-coulumb/g and is independent of the capacitive loading on 
the accelerometer. 

CAPACITANCE 

The capacitance of the accelerometer is given including the cable capaci
tance as specified on the calibration sheet. Accelerometer capacitance comes 
into the question when the low frequency cut-off of the measuring system 
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is computed, as it determines the effect of loading on the accelerometer. 

The capacitance is calculated from the voltage sensitivity and the charge 
sensitivity. The relationship is given by: 

S chargo = S voltoge (Ca + Cc} 

Ca + Cc = S chargo 
S voltage 

where Ca = accelerometer capacitance and Cc = cable capacitance. 

TRANSVERSE SENSITIVITY 

Transverse sensitivity is the maximum sensitivity to a transverse accelera
tion expressed in percent of the reference sensitivity in the intended measur
ing direction. 

The transverse sensitivity of the accelerometers is primarily due to irre
gularities in the ceramics, and limitations in the mechanical coupling 
between ceramic and metal parts. Careful mechanical machining helps to 
minimize transverse sensitivity. 

Transverse sensitivity can be regarded as a result of the axis of the 
accelerometer making a small angle with the direction of the maximum 
sensitivity as shown in Fig.2.3. 

Imagining the accelerometer placed in a rectangular coordinate system, 
as shown, the vector representing the maximum sensitivity can be resolved 
into two components: the main axis sensitivity which is the one called 
voltage or charge sensitivity on the calibration chart, and the transverse 
sensitivity given on the calibration chart as a percentage of the main axis 
sensitivity. 

The voltage obtained from an accelerometer is a product of the accelera
tion vector and the component of the sensitivity in the same direction, so 
that in a certain transverse direction, at right angles to both the main axis 
and the max. transverse sensitivity axis the accelerometer output will be 
minimum. In order to maintain a low transverse sensitivity the user should 
always mount the accelerometer on a flat, clean surface and keep the accele
rometer mounting surface free from burrs and scratches. Also he should 
avoid very large shocks in the transverse direction, such as might be caused 
by dropping the accelerometer on the floor, and large temperature shocks. 
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Fig.2.3. Graphical illustration of transverse sensitivity. 

If the accelerometer is properly handled and mounted, the transverse 
sensitivity will normally be below 10% up to 5000Hz. Above 5000Hz it is 
very difficult to establish useful test facilities for transverse measurements. 
The type of mounting of the accelerometer will, however, undoubtedly set a 
limit at a frequency somewhat lower than that for operation in the main 
direction. 

The transverse sensitivity of the accelerometers is specified as being less 
than 3% of the main axis sensitivity. However, the individual maximum 
transverse sensitivity is given on the calibration chart, and in addition the 
direction of minimum transverse sensitivity is marked with a red dot on the 
side of the accelerometer. 

In the factory calibration the transverse sensitivity is measured at ap
proximately 30 Hz on a rotating table whose motion sideways is more than 
100 times larger than the motion in the vertical direction. See Fig.2.4. 

The accelerometer is first mounted with its main axis parallel to the 
direction of motion of the table and the deflection on the meter is adjusted 
to a reference mark (1 00%). Then the accelerometer is mounted with its 
main axis at right angles to the motion and the table is rotated slowly. The 
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Fig.2.4.Part of the arrangement for obtaining transverse sensitivity. 

meter is set to indicate full scale deflection for 10% transverse sensitivity 
and the maximum value is noted. The direction of the minimum (zero) 
sensitivity is marked with a red dot at the side of the accelerometer housing. 
This information is useful when measurement only in a certain direction is 
desired. Effects of cross motion can then be filtered out by mounting the 
accelerometer with its direction of minimum sensitiv ty coinciding with the 
direction of the cross motion. 

The factory calibration of transverse sensitivity is carried out after 24 
hours of storage at room temperature. 

If it is desired to find the transverse sensitivity in any particular direction 
use may be made of Fig.2.5 as follows: Find the maximum transverse sensi
tivity from the calibration chart and use this value as the measure for the 
diameter of two circles as shown in the figure. (2.2% is used as an example). 
The figure-eight curve obtained is the transverse sensitivity pattern for the 
accelerometer in question. Since the axis of minimum transverse sensitivity 
is marked on the accelerometer, its sensitivity in any direction is easily 
determined. Fig.2.6 gives a typical sensitivity pattern as recorded with a 
B&K Level Recorder Type 2305. 
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Fig.2.5. Chart for finding transverse sensitivity in any direction, when 
maximum value is given. 

Fig.2.6. Typical transverse sensitivity curve for the accelerometers. 



UNDAMPED NATURAL FREQUENCY 

The undamped natural frequency is the frequency at which the motion 
of the seismic mass element lags 900 behind the motion of the accelero
meter housing. 

The damping ratio, which is the ratio between the actual damping of the 
accelerometer and the damping for which the system would be critically 
damped, is very low: in the order of 0.02. Therefore the damped natural 
frequency, fd, is nearly identical to the undamped natural frequency, fu, 
since 

The undamped natural frequency is measured electrically by finding the 
lowest frequency at which the 900 phase shift occurs when an electrical 
signal is applied to the terminals in series with a 1000 pF capacitor, and 
with the accelerometer freely suspended in air. 

The mounted resonance frequency is the frequency at which the sensiti
vity of the pick-up is a maximum when mounted on a stainless steel block 
of approximately 180 grammes. In practice one may consider the mounted 
resonance as given on the calibration chart as being more useful than the 
undamped natural frequency. The mounted resonance will depend upon the 
mass of the structure on which the accelerometer is mounted, and upon the 
compliance of the contact between the accelerometer and the structure. As 
the mounted resonance given is obtained under actual operating conditions 
with the best possible contact between the accelerometer and the vibrating 
steel block this resonance can be taken as a practical upper limit. In practice 
the mounting will generally be less effective and a lower resonance frequen
cy is obtained. See Chapter 3 on mounting techniques. 

FREQUENCY RESPONSE CURVE 

An individual frequency response curve is supplied with each accelero
meter. This is taken with the transducer mounted on a steel block of weight 
180 grammes and with a plane mounting surface. 

The instrumentation employed is similar to the set-up described in 
chapter "Calibration" and is based upon the B&K Calibration Exciter Type 
4290. 

In actual practice such a frequency response is to be expected from the 
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accelerometer, provided the method of fixing to the vibrating specimen is 
satisfactory. It is generally accepted that the piezoelectric transducer may 
be used for frequencies up to about 1/3 of the resonance frequency shown 
by this curve for less than 1 dB error, or to 1/5 of the resonance frequency 
for less than 5% error, but poor mounting methods will lower the resonance 
frequency and therefore also lower the upper frequency limit of the opera
ting range. 

The error at any frequency can be easily calculated from the formula for 
the relationship between the relative displacement of the mass spring system 
to the displacement of the base, viz. 

where 

Relative Displacement of Mass-spring 
Displacement of base 

w = 2 n x forcing frequency and 
wo = 2 n X undamped natural frequency. 

From this equation it may be seen that at 1/3 the resonance frequency 
the error will be 1 dB and at 1/5 the resonance frequency the error will be 
about 0.5 dB. 

TEMPERATURE SENSITIVITY 

Changes in accelerometer capacitance, charge sensitivity and voltage sen
sitivity with temperature are given for the range 20-25QOC (70-4800 F) 
with reference to the values given at room temperature. 

These are individual values obtained while heating the accelerometers to 
the appropriate temperatures, reaching a steady temperature before mea
surement is taken. 

The information is given in curve form so that interpolation can be 
readily performed. 

When an accelerometer is used as a voltage · generator, the transducer 
output in mV/g will depend upon the temperature of the piezoelectric and 
on the external loading. The calibration curve given is valid for the accelero
meter with 1.2 m cable and thus for a capacitive loading of about 105 pF. 
Any change in loading capacity will · change the voltage sensitivity variation 
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with temperature. It may therefore be possible to optimize the voltage 
sensitivity versus temperature characteristic. 

The leakage resistance may also vary and alter the low frequency 
response. This effect is, however, negligible for the B&K accelerometers, 
since the leakage resistance is larger than 20,000 MQ for all temperatures in 
the operating range. 

Charge amplifiers eliminate any influence of parallel capacity on the 
charge sensitivity versus temperature curve. Only series capacity should be 
considered, if present. 

Considering the accelerometer as a charge generator it is easily seen from 
Fig.2. 7 that the voltage sensitivity at any temperature with any amount of 
cable capacity is 

Current 
ji.UQt 

Accelerometer Coble 

a) 

Cp 

Preamplifier 

Fig.2.7. 

jwOt 
Ct 

b) 
26572.2. 

a) Equivalent circuit for accelerometer and preamplifier input. 
b) The same circuit simplified for normal operating frequency range. 

where 
Et = voltage sensitivity at temperature t 
Ot = charge sensitivity at temperature t 
Ct =total capacity in the circuit at temperature t. 

Now, the increase in charge sensitivity is given on the calibration chart in 
dB, so that knowing the charge sensitivity at room temperature the charge 
sensitivity at temperature t is easily found by using the conversion table for 
dB to ratio given in the appendix. 
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Ct is also easily found when the capacity external to the accelerometer is 
known. The increase in accelerometer capacity with temperature is given on 
the calibration chart, as well as the capacity at room temperature. 

Therefore 

where 

Then we have 

+dB 
4" 

3 

2 

Ot 
C1 

Oo 
Ka 
Ca 

Kc 
Cext 

Cc 

E1 

= Oo X Ko 
=C. X Kc + C •• t-Cc 

= charge sensitivity at room temperature 
= charge sensitivity factor 
= capacity of accelerometer plus associated cable 

{ 1.2m) at room temperature 
= capacity factor 
=total capacity external to the accelerometer 

{long cable plus preamplifier) 
=capacity of accelerometer cable used during factory 

calibration { 1.2 m) 
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Fig.2.8. Temperature sensitivity curves from the calibration chart on Fig.2. 1. 
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Example: 

What is the voltage sensitivity of the accelerometer Type 4338 at a 
temperature of 2500C and with a total external capacity (long cable plus 
preamplifier) of 1000 pF? 

Solution: 

From the calibration chart we find 

Oo = 11.18 pCoulomb/g 
Ko =1.8dB=1.23 
Ca =1118pF 
Kc = 4.8 dB= 1.74 
Cc = 104 pF 

Then the voltage sensitivity at 2500C 

11.18 X 1.23 
£250 1118 X 1.74 + 1000- 104 = 0·00484 V/g 

f 25o = 4.84 mV/g 

CALIBRATION ACCURACY 

The accuracy of the above factory calibrations is better than ± 2% for 
charge sensitivity, voltage sensitivity and capacity. The transverse sensitivity 
may change temporarily when the accelerometer is exposed to large shocks, 
especially sideways. Normally, however, it will return to the original value 
within the next 24 hours. 

~9 



3. MOUNTING METHODS 

A proper mounting of the accelerometer ot the specimen is of utmost 
importance when measurements are taken, especially at higher frequencies. 
The frequency response curve given on the calibration chart is for the best 
possible mounting of the accelerometer. (Screwed tightly with a steel stud 
onto a polished metal surface). When other methods are used the resonance 
frequency will generally be lower. How much lower will be determined by 
the mass of the accelerometer and the stiffness of the mounting. 

MOUNTING THREAD 

The mounting thread used for the accelerometers Type 4338 and acces
sories is NF 10-32, both for fixing the accelerometer to the specimen and 
for the cable connection. Relevant data for the thread: 

32 threads per inch 
Outside diameter 4.826 mm (0.19") 
Drill size for tapping 4.1 mm 

If a metric thread is preferred the, 10-32 NF thread in the accelerometer 
may easily be changed to 5 mm by using an M5 x 0.8 standard hand tap 
with flat tip. The M5 x 0.8 thread is very close to the N F 10-32 thread in 
dimensions, the diameter being 5 mm (0.197") compared with 4.826 mm 
(0.190") and the pitch being 0.8 or 31.8 threads per inch compared with 
0.794 or 32 threads per inch. Thus all the normal accessories may be used 
even when the thread has been modified to M5 x 0.8. 

Tests have been carried out using NF 10-32 brass screws in M5 thread 
fixing 30 gramme accelerometers with up to 5000 g shocks applied. No 
difference was noted between this type of mounting and the ordinary steel 
studs with matching thread. The shock was applied in the negative direction, 
i.e. lifting the accelerometer from the specimen. , 

There are several methods available for fixing the B&K accelerometer to 
the specimen on which the vibration is to be measured. The following 
accessories for fixing purposes are included in the Accelerometer Sets Type 
4318: 
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1 Q-32 N F threaded stud and nut 
10-32 N F electrically isolated stud 
Electrically isolated permanent magnet 
Cementing stud 
Wax 
Probe with interchangeable sharp and rounded tips 
Mica washers for electrical isolation of transducer 
10-32 NF screw tap 
Cable clip. 

MOUNTING OF ACCELEROMETER 

The possible ways of applying the accelerometer to the vibrating speci
men are depicted in Fig.3.1. 

--1r-~""• ~ '~ Isolated wast.r Cemenlill!l Steel 
stud 

<D 

® 

stud stud 

® 

Fig.3. 1. Different ways of mounting the accelerometers. 
1. With steel stud. 
2. With isolated stud and mica washer. 
3. With permanent magnet. 
4. With cementing stud. 
5. Handheld with probe. 
6. Accelerometer stuck on with wax. 
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Type 1 mounting is the best solution frequency response wise, approach
ing a condition corresponding to the actual calibration curve supplied with 
the accelerometer. If the mounting surface is not quite smooth it is a good 
idea to apply a thin layer of silicon grease to the surface before screwing 
down the accelerometer. This increases the mounting stiffness. 

It is essential whenever using a mounting screw, not to screw fully in as it 
may introduce base bending affecting the sensitivity of the accelerometer. 

Type 2 mounting is convenient when electrical isolation between accele
rometer and vibrating body is necessary. It employs the isolated stud and a 
thin mica washer. Frequency response is good due to the hardness of the 
mica. Make sure that the washer is as thin as possible. (It can easily be split 
up into thinner layers). The maximum torque used for mounting the accele
rometer should not exceed 18 kgcm (15 lb-in). 

Type 3 mounting employs the permanent magnet which also gives elec
trical isolation from the vibrating specimen. A closed magnetic path has 
been used and there is virtually no magnetic field at the accelerometer 
position. This mounting method should not be used for acceleration ampli
tudes higher than about 200 g. Max. temp. 1500C, short time. 

The holding force of the magnet has been investigated for various steel 
plate thickness and for various thickness of brass (non-magnetic) between 
the magnet and the steel. See Fig.3.2. 
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Kg 
12 

10 

8 

4 

2 

Holding force v. steel plate 
thickness 

\ ,Holding force versus thickness ,....---
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' ...... ...... ................ __ 
1 2 3 4 5 6 7 8 9 10 mm Thickness of steel 
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.264-575 

Fig.3.2. Holding force of the mounting magnet versus thickness of steel plate 
and versus thickness of intermediate brass plate. 
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Fig.3.3. Frequency response of an accelerometer for 
various types of mounting. 

a) Steel stud 
c) Magnet 
e) Probes 

1. pointed 
2. round 

b) Isolated stud 
d) Cementing stud 
f) Wax 
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Type 4 mounting is convenient when a cementing technique is appropri
ate, with the possibility of removing the accelerometer from time to time. 

Type 5 mounting employs the probe with interchangeable round and 
pointed tips. The method may be convenient for certain applications, but 
should not be used for frequencies much higher than 1000 Hz, since the 
natural resonance frequency in this case is very low. 

Type 6 mounting employs a thin layer of wax for sticking the accelero
meter onto the vibrating surface. The wax is delivered with the Accelero
meter Sets. A frequency response curve is given in Fig.3.3. It is seen that 
this method of mounting gives a very good frequency response due to the 
stiffness of the wax. At higher temperatures this will decrease. 

Soft setting glues or gum should be avoided because of decoupling and 
bad frequency response. 

For minimum weight and optimum performance of the mounting one 
may also recommend the Eastman 910 cement, marketed by the Armstrong 
Industry, or Tixo K-1 manufactured ty Tiox-Tinten und Klebstoffwerk 
G.m~b.H., Vienna. Dental cement and epoxy resins are also very useful, 
especially in connection with the cementing stud which is intended for use 
in applications where mounting by cementing techniques is preferred, while 
retaining the possibility of removing the accelerometer itself. 

Fig.3.3 shows some frequency response curves obtained for various types 
of mounting. The importance of the mounting method used should be 
obvious. 

The mounting torque for threaded screws should be around 18 kgcm or 
15 lb-in. The accelerometers are not harmed by a larger torque, but the 
isolated stud may not stand more than 20 kgcm. A mounting torque of the 
correct value is applied with a 10 em (4") spanner with normal pressure on 
the handle. A 6" or larger spanner should be used with care. If a smaller 
spanner is used one cannot do any harm to the thread, but the accelero
meter may not be sufficiently well secured. 

Always fix the accelerometer to the specimen in the best possible way, 
and make sure that no resonances of the mounting will influence the mea
surement being taken. At low frequencies this presents no problem but for 
frequencies above 2-3000 Hz it may be difficult to obtain a satisfactory 
mounting. 
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Fig.3.4. Clamping of the cable to the vibrating specimen. 

MOUNTING OF CABLE 

The connecting cable should always be given particular attention. Especi
ally at lower frequencies it may give rise to noise voltages, due to bending or 
cable whip. The B&K accelerometer cable is designed and treated for noise
less operation, however, it is always ·good policy to clamp the cables as 
firmly as possible in order to avoid relative movement. See Fig.3.3. 
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4. PREAMPLIFIERS 

Preamplifiers are used for conversion of the rather weak transducer signal 
into a stronger signal which can be handled by the succeeding storage or 
read-out equipment. The signal from the piezo-electric accelerometer 
appears as a voltage across a capacitive impedance. The charge generated is 
proportional to the acceleration. 

We have the choice of making the total capacity in the circuit as small as 
possible and thus obtain the highest possible voltage into the preamplifier, 
or to load the accelerometer so heavily with a shunt capacity that we have a 
system independent of small changes in cable capacity due to different 
lengths of cable. The first solution is called a voltage amplifier and the 
second a charge amplifier. 

VOLTAGE PREAMPLIFIERS 

When used as a voltage source the accelerometer must be loaded by an 
extremely high impedance in order to retain its sensitivity versus frequency 
characteristic. Capacitive loading reduces the sensitivity over the whole fre
quency range, while conductive loading reduces the sensitivity at low fre
quencies. This can be seen from the following: 

The equivalent circuit of an accelerometer with external loading is drawn 
in Fig.4.1. 
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0 =charge induced across the accelerometer capacitive element 
Sq =charge sensitivity of the accelerometer (Coulomb/g) 
A = acceleration to which the accelerometer is subjected (g) 
C =total capacity in the circuit, including accelerometer, 

cable and preamplifier 
R = 1 /G where G is the total conductance in the circuit, 

including accelerometer, cable and preamplifier. 

Assuming a sinusoidal acceleration of angular frequency w we have the 
current flowing in the circuit 

and the voltage output 
I= jwQ 

E = I jwQ 
G + jwC G + jwC 

This shows that when G ~ jwC i.e. when the shunt resistance in the 
circuit is very high or at high frequencies the output voltage depends only 
upon the capacitive loading: 

E = jwQ = _g_ 
jwC C 

It is also seen that the output is directly proportional to 1 /C. This must 
be taken into account when long accelerometer cables are employed. 
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Fig.4.2. Chart for finding required input impedance when accelerometer 
capacity and low frequency cut-off is given. 
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From equation (1) it can also be seen that when G ~ j wC, i.e. for low 
frequencies or for low shunt resistance the output is frequency dependent: 

E = jwQ = jwRQ 
G 

This means that the output falls off at the same rate as the frequency at 
the low frequency end. The corner frequency where the output is 3 dB 
down is where /G/ = /jwCI 

i.e. f = --1-
c 2 TC RC 

where fc is called the "cut-off frequency". 

The internal resistance of the accelerometers is extremely high, always 
exceeding 20.000 M Qat room temperature (rv200C). The resistance of the 
piezoelectric material is lower at high temperatures but usually still higher 
than 20.000 M Q at 2500C. This large resistance gives a low frequency 
cut-off value of 0.008 Hz for the accelerometer alone and thus makes 
measurement possible down to practically DC with specially designed ampli
fiers. Fig.4.2 gives a chart for finding the required input resistance or a given 
lower limiting frequency and a given accelerometer capacity. 

Example: 

Find the required input impedance for a 1 dB cut-off at 1 Hz using 
an accelerometer with capacity 1000 pF. 

Solution: 

A 1 dB cut-off is seen to give a value of about 0.3 for fRC, i.e. 

fRC = 0.3 

R 

R 

0.3 0.3 
fC 1 X 1000 X 10-12 

= 300MQ 

The minimum acceptable input resistance of the preamplifier is 300 MQ. 

Cable Capacitance Sensitivity Correction 

The capacity of the cable connecting the accelerometer to the preampli
fier will reduce the voltage sensitivity of the accelerometer. When the charge 
sensitivity of the accelerometer is given, as is the case with all B&K accelero
meters, the easiest way to obtain the voltage sensitivity for any particular 
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system is to divide the charge sensitivity by the total shunt capacity in the 
input circuit, i.e. accelerometer capacity, cable capacity and preamplifier 
input capacity. The capacity of the B&K accelerometer cable is about 90 
pF/m (27 pF/ft). 

Example: 

An accelerometer has a charge sensitivity of 11.18 pCoulomb/g and a 
capacity without cable of 1014 pF. What is its voltage sensitivity with 
a connection cable of 4 m length? Preamplifier input capacity negli
gible. 

Solution: 

Cable capacity 4 X 90 = 360 pF 
Total capacity 360 + 1014 = 1374 pF 

Voltage sensitivity ~ ~]~ = 0.00816 V /g = 8.16 mV /g 

CHARGE AMPLIFIERS 

The charge amplifier is gaining widespread acceptance mainly because of 
its simplicity of operation. It eliminates the effect of shunt capacity in the 
input circuit, so that the operator can work without attention to variable 
accelerometer cable lengths. The only information required is the charge 
sensitivity of the accelerometer. 

An equivalent circuit diagram for accelerometer, cable and charge pre
amplifier is given in Fig.4.3. By some calculation it is found that the output 
voltage is 

which means that as long as Ct (A-1) ~ Ca+ Ce + C1 the output voltage is 
-OA/C1 (A-1) independent of cable capacity. 

The charge sensitivity is given on the calibration chart for the B&K 
accelerometers, but when this is not given it can easily be calculated by 
multiplying the voltage sensitivity with the total capacity (accelerometer 
plus cable) used in the calibration. 

Note that the charge sensitivity of piezoelectri.c accelerometers does in 
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Fig.4.3. Equivalent circuit diagram for accelerometer, cable and charge 
amplifier. 

general change with temperature. An individual charge sensitivity versus 
temperature curve is therefore supplied with each B&K accelerometer, cove
ring the range 20-2500C (70-4800 F). 

Although the charge amplifier has advantages for certain applications, 
the following points should be considered: 

The large amplification necessary for proper operation of the charge 
amplifier requires more components than what are necessary for a 
voltage amplifier,. In practice this means higher costs and less reliable 
operation in severe environments. 

More serious is the inferior rise time and recovery time obtained for 
most charge amplifiers. This is especially important for shock
measurements. 

One of the arguments in favour of the charge amplifier is the possibili
ty of using long cables between transducer and amplifier. This is, 
however, just as possible with voltage amplifier, if the gain is high 
enough to offset the loss in sensitivity, and in addition to this the 
voltage amplifier may have a superior signal to noise ratio. Charge 
amplifiers are therefore not recommended when low signals are to be 
measured. 

For special installations where long cables are used in different lengths, 
for example on vibration test sites or for measurements on large structures, 
the charge amplifier would be a natural choice. 
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BRUEL & KJ.tER PREAMPLIFIERS 

Bruel & Kj<Er produce several types of preamplifiers for use with the 
accelerometers in vibration measuring set-ups. 

1. F.E.T.-Preamplifier Type 2623. 
2. F.E.T. Preamplifier Type 2616 
3. F.E.T. Vibration Pick-up Preamplifier Type 2615. 
4. F.E.T. Charge Amplifier Type 2624. 
5. Preamplifier Type 1606. 
6. Two-Channel Preamplifier Type 2622. 
7. F.E.T. 1/2" Microphone Preamplifier Type 2619. 
8. Cathode Followers (several types). 

A brief description of these follows. 

1. PREAMPLIFIER TYPE 2623 

The Preamplifier Type 2623 is an impedance conversion device of an 
extremely small and rugged construction. See Fig.4.4. It is designed to 
withstand severe environmental conditions and its sensitivity to vibration is 

Fig.4.4. Preamplifier Type 2623. 
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negligible. Attempts have been made to measure its output signal due to 
direct vibration but no progress was made, as the output from the connec
ting lownoise cables was greater than the preamplifier signal. 

The Preamplifier is a two-stage transistorized amplifier with a field 
effect transistor in the input stage, coupled to the input via a 1000 pF 
capacitor. The equivalent circuit diagram is shown in Fig.4.5. The input 
impedance together with the accelerometer capacitance, determine the 
lower cut-off frequency of the system, e.g. with a 1000 pF accelerometer 
the limit is about 0.12 Hz. (The 1000 pF capacitor in the input must be 
added in series with the accelerometer capacity). 

1000pF 40.n.. 

o----J t-'---...------, 

> 2000 MA 3.5pF Output 

Note: DC potential at output terminals 
267067 

Fig.4.5. Equivalent circuit for the preamplifier. 

The input resistance is about 2700 M nat room temperature and lower, 
but decreases at higher temperatures. A curve of this effect is shown in 
Fig.4.6. At 1QQOC the resistance is about 300 MQ and the lower limiting 
frequency increases to about 1.2 Hz. 

The input transistor is DC coupled to the following stage. This stage 
produces a negative feedback, which is adjusted so that the total voltage 
gain is 0 dB. There is a DC potential at the output of about 11 V and 
ther~fore the resistive load on the output should not be less than 50 kn. 
The capacitive load depends upon the upper limiting frequency desired and 
on the signal level. (Max. output current 1 rnA for about 1% distortion). A 
load of 10.000 pF (100 m of cable) at 1 V RMS will give an upper limiting 
frequency of 15kHz. See Fig.4.7. 

The rise time of this preamplifier is extremely short, making it eminently 
suited for shock work. Fig.4.8 shows rise time for positive and negative step 
voltages as obtained on an oscilloscope. 
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Fig.4.6. The effect of temperature on the input resistance 
of the preamplifier. 
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Fig.4.7. High frequency limit of the preamplifier as determined by 
capacitive loading and signal/eve/. 

The preamplifier may be mounted close to the accelerometer. The 
mounting method is shown in Fig.4.9. 
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Fig.4.8. a) Response of the preamplifier to a positive step input. 
b) Response to negative step input. 

The power for the Preamplifier is taken from an external 28 V DC 
supply, a battery or the Power Supply ZR 0024 which is plugged into the 
condenser microphone socket of the B&K amplifiers. The current consump
tion is about 2 rnA. 

Charge Amplifier 

Accelerometer 

4318 2624 

Fig.4.9. The Preamplifier Type 2624 mounted near to the accelerometer. 
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Input Resistance: 

Input Capacitance: 

Output Resistance: 
Max. Output Current: 
Voltage Gain: 
Frequency Range: 
Noise: 

Dynamic Range: 

• Power Supply: 
Diameter: 
Length: 

Weight: 
Accessories Included: 

SPECIFICATIONS 2623 

Min. 2000 M nat 250C 
Min. 200 Mnat 1000C 
3.5_ pF parallel 
1000 pF series 
40 n (typical) 
1 rnA 
OdB ±0.05 dB 
0.12 Hz-500 kHz with 1000 pF across input 
15 JJV, 2-40.000 Hz 
3.5 JJV, curve C 
300 pF across input 
30 JJV-7 V R S with 28 V DC supply 
External, 28 V DC 
14 mm (0.55 in) 
45 mm (1.77 in) 
52 mm (2.05 in) with accelerometer adaptor 
20.6 g (0.73 oz) 
1 Adaptor for accelerometer 
1 Clamp 
2 Cables AO 0037 
Screws (NF 10-32) 

Fig.4.10. Preamplifier Type 2616. 
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2. PREAMPLIFIERTYPE 2616 

The Preamplifier Type 2616 is a battery driven transistorized unit with a 
field effect transistor in the input stage. Due to the small dimensions of the 
Preamplifier it can usually be placed very close to the accelerometer and its 
low output impedance ensures that noise and loss in the cable do not 
interfere with the measurements even when a very long cable connection js 
used between the preamplifier and the indicating instrument. 

From the input terminals the signal is fed via a 2000 pF capacitor and a 
capacitive attenuator to the input stage which is DC coupled to the second 
Stage. This stage acts as a feedback amplifier. An equivalent diagram is 
shown in Fig.4.11. Note that the 2000 pF series capacitor does not show up 
In the input impedance. Thus the lower limiting frequency is calculated on 
the basis of the accelerometer capacity (in parallel with any cable capacity) 
and the input resistance of the preamplifier. A 1000 pF accelerometer then 
gives a lower limiting frequency of about 0.13 Hz. 

10pF 
>1200M..a. 

Fig.4. 11. Equivalent circuit for the preamplifier. 

A peak indicating overload indicator reacts on signals with crest factor 
up to 10 and for frequencies higher than 20 Hz. 

The signal is fed to the output stage via a potentiometer. This makes it 
possible to adjust the voltage gain from+ 1.5 to -20 dB. 

The output current should not exceed 1 rnA giving the same high fre
quency limits as for Type 2623 (see Fig.4.7). However, Type 2616 has a 
built-in 40 dB attenuator which may be used to attenuate the input signal 
and thereby increase the useful dynamic range of the preamplifier. 
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Fig.4.12. Exploded view of the preamplifier with battery compartment. 

Power is taken from six mercury cells (1.35 V each) contained in a 
battery compartment attached to the preamplifier. See Fig.4.12. This com
partment is removable and the preamplifier may be connected to an exter
nal power supply of any voltage from 6-35 V DC. A built-in network 
stabilizes the voltage and reduces ripple from an external power supply by 
about 40 dB. 

Input Resistance: 
Input Capacitance: 
Output Resistance: 
Max. Output Current: 
Frequency Range: 
Noise: 

Dynamic Range: 

Rise Time: 
Signal Adjustment: 
Power: 

Current Consumption: 
Dimensions: 

Weight: 

SPECIFICATIONS 2616 

>12oo Mn 
10 pF (typical) 
<100 
1 rnA 
0.13 Hz-500 kHz with 1000 pF across input 
Max. 20 )JV, 2Hz-40kHz with 1000 pF across 
input 
30 pV -1 V RMS with attenuator on 0 dB. 
40 mV-100 V RMS with attenuator on -40 dB 
1 )JSec. 

+1.5 to -20 dB with attenuator on 0 dB 
Internal battery. Six mercury cells of 1.35 V. 
External supply 6-35 V DC 
4-10 rnA 
Diameter 52 mm (2 in). Total height including 
battery compartment 66 mm (2.6 in) 
290 g (10.3 oz) 
162 g (5.7 oz) excl. battery compartment. 
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3. VIBRATION PICK-UP PREAMPLIFIER TYPE 2625 

The Vibration Pick-up Preamplifier Type 2625 is provided with integra
tion networks for measurement of velocity and displacement in addition to 
acceleration. 

A block diagram of the preamplifier is shown in Fig.4.14. There are three 
input sockets connected to a selector switch with individual sensitivity ad
justment of each input. The two inputs not in use are connected to ground. 
The function selector controls four different gain ranges for the three 
inputs: 

1) variable from -40 dB to -20 dB 
2) variable from 0 dBto+20 dB 
3) fixed at 0 dB 
4) fixed at -40 dB 

Fig.4.13. Vibration Pick-up Preamplifier Type 2625. 
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The integration networks are passive RC networks with three different 
lower frequency limits, 1, 10 and 300 Hz for displacement measurements. 
These different networks are used in order to obtain the best possible signal 
to noise ratio, and the low frequency limit should be set as high as possible. 
The frequency response curves for the various modes of operation are given 
in Figs.4.15 and 4.16. 

Feedback 
Adjustment 

Fig.4.14. Block diagram of Type2625. 

The output signal can be taken from a standard microsocket 10-32 NF 
or a B&K coaxial socket at the front panel. Additionally there is a micro
socket output at the back of the preamplifier. 

A field effect transistor stage in the input circuit gives extremely high 
input impedance. It varies, however, with the gain adjustment, being at 
maximum at zero gain as shown in Fig.4.17. For very low frequency or 
shock measurements it may therefore be an advantage to set the gain to 0 
dB as the low frequency limit is influenced by the input impedance. 
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Fig.4.15. Frequency response of Type 2625 in the acceleration mode. 
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Fig.4. 16. Frequency characteristics of integration networks. 

The maximum output voltage is± 7 volts with a maximum current of ±1 
mA peak. Distortion originating in Type 2625 is shown in F ig.4.18 for 0 dB 
and 20 dB gain setting. 

50 
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--~•· Gain 
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Fig.4. 17. Typical input impedance as a function of the gain. 



The preamplifier has built-in battery compartment for battery opera
tion or may be powered by external source, 28 V DC. 

Distortion 
0/o 
5 (28V Power Supply} 

4 2nd. harmonic --
3 rd. harmonic - - -

3 

2 

1 

0~--~~~~---+--~~~--~~~--+---~~~ 

0 2 3 4 5 6 7 8 9 10V 
RMS Output Voltage 

.24>'7/~0 

Fig.4.18. Distortion as a function of output voltage. 

Input Resistance: 

Input Capacitance: 
Frequency Range: 

Max. Input Signal: 

SPECIFICATIONS 2625 

Varies from 3 Gnat 0 dB gain to 450 M at 
20 dB gain 
14 pF 
Ace. 1Hz-
Vel. 3.16 m/sec 1Hz-
Vel. 0.316 m/sec 10Hz-
Vel. 0.0316 m/sec 100Hz-
Displ. 1000 mm 1Hz-
Displ. 100 mm 3Hz-
Displ. 10 mm 10Hz-
Displ. 1 mm 30Hz-
Displ. 0.1 mm 100Hz-
Displ. 0.01 mm 300Hz-

± 0.7 Vat 20 dB gain 
± 7 Vat 0 dB gain 
± 70 V at -20 dB gain 
±700 Vat -40 dB gain 

35kHz 
4kHz 

10kHz 
30kHz 
30kHz 

100Hz 
300Hz 

1.000 Hz 
3.000 Hz 

10.000 Hz 
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Gain: 

Inherent Noise: 

Load Impedance: 
Harmonic Distortion: 
Power Supply: 

Batteries: 

Examples: 

Fixed 0 dB and -40 dB. Variable 0 dB to 20 dB and 
-40 dB to -20 dB 
Max. 20 pV from 2Hz to 40kHz with 1 nF across 
input (referred to input) 
Min. 1 Mn//max. 100 pF. 
Less than 1% with 5 V R MS output 
External 28 V DC source (for example ZR 0024) or 
internal 3 X 9 V batteries (not included) 
3 X 9 V. IEC Recommendation 6 F 22, size 
25.5 X 17.5 X 48.5 

Manufacturer Type 

Union Carbide Ever Ready No. 216 
Hellesen Type H 10 
Varta Pertrix No.438 
Tudor No. 9T 4 
National U-006 P 

Current Consumption: Approximately 2 mA. 
Dimensions (excluding 
knobs and feet): 

Weight: 
Accessories Included: 

Height: 132.6 mm (5.22 in) 
Width: 61 mm (2.40 in) 
Depth: 200 mm (7.87 in) 
820 g (1.8 lb.) 
Two cables AO 0037, 1.2 m (4 ft.) long. One 
coaxial plug JP 0018. 

4. CHARGE AMPLIFIER TYPE 2624 

The combination of a charge amplifier and a piezoelectric accelerometer 
gives a sensitivity which is independent of cable length within very wide 
limits. This makes a charge amplifier especially attractive in vibration 
systems where different cables are used. The Charge Amplifier Type 2624 
may be used with cable lengths up to several thousand metres. A charge 
amplifier also gives possibility of very low frequency measurements and in 
the case of Type 2624, the limit is 0.003 Hz in the least sensitive mode. This 
makes the preamplifier ideal for measurements of shocks and long duration 
transients. 

The preamplifier is provided with an overload indicator which lights up 
when the dynamic range is exceeded and when the amplifier is blocked due 
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Fig.4.19. The Charge Amplifier Type 2624. 

to saturation. A reset button is used for recovery of normal working condi· 
tions after overload. 

The output impedance is extremely low and if necessary long output 
cables may be used without causing distortion. There is an offset voltage of 
12.5 V DC at the output. 

The output may be scaled to 0.1 1 or 10 m V /pC with different low 
frequency limits. See specifications. The low frequency limit should be set 
as high as possible to reduce recovery time without making use of the reset 
facility. Input and output sockets are microsockets 10-32 NF. 

The· preamplifier is completely protected against overload and short cir
cuits. It is also protected against interchanging the supply and signal cables 
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Fig.4.20. Typical frequency curves of the charge amplifier. 

and there is a possibility of separating electrical and mechanical ground by 
removing only one connection in the instrument. 

A mounting system has been designed which allows the mounting of 
several preamplifiers, power supply etc. into a common housing, which 
again may be fitted into standard 19" racks. 
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Sensitivity: 

Input Load: 

Frequency Range: 

Input DC Shunt 
Resistance: 

Output Voltage and 
Current: 

SPECIFICATIONS 2624 

0.1 - 1 - 10 mV/pC, tolerance at 100 Hz: 
±1%. 

Maximum permissible capacitive load for the 
three ranges is 1 ,.uF and 10 nF respectiveiy 
( 10 km, 1 km and 0.1 km with cable 100 
pF/m). This load will cause less than 1% re
duction of sensitivity. 
Lower 3 dB limits (half-power points): 
0.003, 0.03 and 0.3 Hz or alternatively 0.3, ·3 
and 30 Hz. Lower limiting frequency tole
rance:±20%. 
With negligible capacitive load at the input t he 
frequency ranges in the six positions are: 

Sensitivity -3dB Frequency range 

mV/pC point Hz· Hz 

a 0.1 0.003 0.3-30,000 ± 1% 

b 1 0.03 0.03-30,000 ± 1% 

c 10 0.3 5-10,000 ±5% 

d O.J 0.3 3-30,000 ~ 1% 

e 1 3 30-30,000 ± 1% 

f 10 30 1 ~0-1 0,000 ±5% 

Capacitive input load causes a high frequency 
boost with a maximum peak at frequencies 
higher than 20kHz. Under full capacitive load 
conditions (see "Input Load"), i.e. about 10 
km, 1 km and 100 m cable, the increase of 
sensitivity at 20 kHz is less than 10%. 

Greater than 10 Gil While resetting 25 kQ 
±10%. 

Max. 20 V peak-to-peak (DC voltage typi
cally 12.5 V), ±10 rnA. The output is short 
circuit protected. 
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Output Impedance: 

Noise Level: 

Pul~ Response: 

Overload Recovery Time: 

Power Supply: 

Dimensions: 
(excl. knobs and feet) 

Weight: 
Accessories Included: 

Less than 1 n when input load is less than 1/4 
full load. 3-Sn at full cable capacity, fre
quency lower than 20 kHz. 
Referred to the output terminal the maximum 
selfgenerated noise in the three ranges is: 
0.1 mV/pC: 10 ,uV- max. 0.5 ,uV per 100 pF 
source capacity. 
10 mV/pC: 20 ,uV -max. 5 }JV per 100 pF 
source capacity. 
(Source capacity = cable capacity transducer 
capacity). 
Noise bandwidth 2Hz-40kHz. 
Typically 8 ,uV in the 0.1 mV /pC range at 
short cable lengths. 
Measured without cable capacity, rise time is 
proportional to pulse height featuring a slope 
of typically 1.8 V /,usee. Decay-time is con
stant and typically 2 ,usee. 
The input is overload protected. 
Overload recovery time constant is equal to 
1/27T fn in pos. d, e and f (see "Frequency 
Range") i.e. min. 5 msec. The amplifier has 
been provided with overload indicator and 
manual reset facilities. 
External 28 V DC ±10%. Current consump
tion: 
Normal working conditions 17 rnA (typical). 
With overload indicator lit max. 40 mZ. 
With output terminals shorted max. 150 rnA. 
Height: 132.6 mm (5.22 in) 
Width: 30.3 mm (1.19 in) 
Depth: 200 mm (7.87 in) 
585 g (1.29 lb). 
Two cables AO 0037, 1.2 m (4 ft.) long. 

5. PREAMPLIFIER TYPE 1606 

The Preamplifier Type 1606 is designed for measurements of accelera
tion, velocity and displacement, when used with an accelerometer type of 
pick-up. In addition it provides facilities for absolute calibration of the 
vibration measuring set-up. 
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Fig.4.21. Preamplifier Type 1606. 

A block diagram of the Preamplifier is shown in Fig.4.22. It consists of a 
capacitive attenuator, an amplifier with variable feedback and integrating 
networks for signal processing. A mains operated shaker table with adjust
able amplitude is included for accelerometer calibration. The output is 
taken to any B&K amplifier with a condenser microphone input socket. 

Input 

Capacitive 
Attenuator 

~ 

Sensitivity 
Adjustment 

+ 
Amplifier 

Shaker 
Table 

> 
Amplitude 
Adjustment 

Integrating 
Networks 

~ 

AC mains 
100-240V 

To Type 

_. ~~~i !~1;801 

261186 

Fig.4.22. Block diagram of the preamplifier. 
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The amplifier is a two-stage RC coupled amplifier with a large amount 
of negative feedback. The input attenuator is variable in two 40 dB steps. A 
sensitivity adjustment potentiometer varies the feedback of the amplifier 
whereby the preamplifier gain is varied from 0 to 38 dB. The high input 
impedance makes measurement possible down to lower than 2 Hz. See 
Fig.4.23. 

I I I 
db 

0 

Odb 
~ 

lccelerometer (1000pF) J db tj +201b 

/~\ ~ -~ // 

11 ~Accelerometer (400 pF) 

~38d~ 
+38 db '\_ 

'/ -, 
I 

20 
1 2 5 10 2 5 5 5 104 2 C/S 5 105 

---. Frequency .26( ( 9:] 

Fig.4.23. Frequency response of the preamplifier adjusted to 0, 20 and 
38d8gain. 

The integrating networks succeeding the amplifier are designed as simple 
RC networks. One integrating network is used for velocity networks with 
cut-off frequencies 3 and 30 Hz respectively, and three displacement net
works with cut-off frequencies 3, 30 and 300Hz are included. 

Input Impedance: 
Amp I ification: 
Input Attenuator: 
Max. Output Voltage: 
Noise: 

Vibrating Table: 
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SPECIFICATIONS 1606 

200 Mil in parallel with approx. 50 pF. 
0-38 dB 
Two steps of 40 dB 
20 V peak in acceleration 
Approx. 12 J,JV referred to input at max. am
plification 
Mains driven at 50 or 60 Hz. Can be adjusted 
to 1 g by the rattling ball method. Power sup
ply 1 00-240 v. 



Dimensions: 

Weight: 
Accessories Included: 

Height: 10.5 em ( 4 in) 
Width: 25 em (10 in) 
Depth: 18 em ( 7 in) 
3.9 kg (9 lbs) 
1 power lead, 3 screws W 1 /8" 
1 screened plug JP 0018, 1 Allen key 
1 adaptor W 1 /8" to N F 10-32 

Fig.4.24. Preamplifier Type 2622. 

6. ACCELEROMETER PREAMPLIFIER TYPE 2622 

This is a two-channel accelerometer preamplifier which can be used 
both as a voltage amplifier and as a charge amplifier, the conversion from 
one to the other being effected with a front panel switch. Each channel has 
a three-decade attenuator which is set directly to the voltage or charge 
sensitivity of the accelerometers employed, in the range 10-100 mV/g or 
10-100 pCoulomb/g. The output voltage is then scaled to 10 mV/g. 

The Preamplifier is designed with a definite view to being employed with 
other B&K instruments in vibration test systems, but may equally well be 
used as an ordinary voltage or charge amplifier in vibration measuring 
systems. Efforts have been taken to make the two channels identical, with 
identical phase characteristics, so that the Preamplifier may be employed in 
correlation measurements, mechanical impedance measurement or other
whereelse where phase relations are investigated. A block diagram of the 
Preamplifier is shown in Fig.4.25. Only one channel is drawn since the two 
channels are identical. 

The main features of this preamplifier is its ability to switch between 
voltage amplification and charge amplification, together with its sensitivity 

59 



10kHz · Sensit ivity 
Low Pass Sett ing 

Filter 

Lower Ampl ifier 
Frequency 

Limit 

~ r.alanced 

1~''''' 
2657of 

Fig.4.25. Block diagram of the preamplifier. 

scaling and cut-off filters for convenient operation in the compressor loops 
of the B&K generators in vibration test systems. 

Low frequency noise which is especially disturbing in velocity or dis
placement measurements using integrating circuits is eliminated with a vari
able high-pass filter with cut-off frequencies of 2.5, 10 and 50 H:?:. 

A low-pass filter is included in the circuit in order to cut off high 
frequency signals, due for example to extraneous noise and accelerometer 
resonance. The cut-off frequency of the low-pass filter is 1 0 kHz. When 

2 2 
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10d8 5.10 and 50 

Frequency response 2622 

2 Ha 5 ., :lD !0 
P1141 ""-._, • _ , 

60 

265700 

Fig.4.26. Frequency response of the preamplifier for the different 
settings of LOW FREQUENCY LIMIT. 



the high-pass filter is set to cut off at 2 Hz, the low-pass filter is not in 
circuit. See Fig.4.26. The outputs from the two channels are taken to the 
output sockets via balancing transformers so that the accelerometer and 
preamplifier may be isolated from the rest of the system to reduce effects of 
ground loops. Apart from the two outputs there is a third output socket 
which may be switched to any one of the two channels, either with a swttch 
on the instrument itself or by remote control. 

SPECIFICATIONS 2622 

Two identical channels which may be switched individually to voltage or 
charge amplification. 

Input Impedance: 

Output Impedance: 
Scaling: 

Accelerometer 
Sensitivity: 

Input Voltage Level: 

Frequency Limits: 

Frequency Response: 

Voltage Amplifier: Greater than 600 M Q in 
parallel with 16 pF. 
Charge Amplifier: Approx. 0.75 IJF input ca
pacity at 1000 Hz. Less than 2% change in 
gain from 0 to 10,000 pF source capacity. 
Smaller than 200 n. 
Output scaled to 10 m V /g ± 1% for correct 
setting of accelerometer sensitivity. 

Between 10 and 100 mV/g or 10 and 100 
pCoulomb/g for correct scaling. 
Max. 40 mV peak at 2 Hz, max. 1.5 V peak at 
5 Hz, max. 20 V peak at frequencies between 
40 Hz and 1 0,000 Hz for distortion less than 
1%. 
(High-pass filter setting 2, 5, 10 or 50 Hz). 
2Hz: Low frequency limit 2Hz (0.5 dB), high 
frequency limit 10,000 Hz (0.5 dB), filters 
not switched in. 
5 Hz: Low frequency limit 5 'Hz (0.25 dB 
point), 6 dB down at 2 Hz, high frequency 
limit 10,000 Hz (0.5 dB point), 30 dB down 
at 20,000 Hz. 
50 Hz: Low frequency limit 50 Hz (0.25 dB 
point), 40 dB down at 2 Hz, high frequency 
limit 10,000 Hz (0.5 dB point), 30 dB down 
at 20,000 Hz. 
Flat within± 0.2 dB from low frequency limit 
to 5000 Hz, 0.5 dB 0.5 dB down at 10,000 
Hz. 
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Noise and Hum Level: 

Cross-Talk: 

Third Output: 

Phase Relations 
between channels: 

Mains Supply: 

Accessories Supplied: 
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Voltage Amplifier: Less than 80 ~V noise. 
Less than 10 JJV hum. 
Charge Amplifier: Less than 80 tJV noise plus 
5 ,..v per 1000 pF of source capacitance. Less 
than 10 ~V hum plus 5 JJV per 1000 pF of 
source capacitance. (Worst case). With 300 pF 
on input, 10Hz lower limiting frequency, and 
the preamplifier followed by two integrators 
with 5 Hz corner frequencies, the displace
ment signal noise level is better than 30 IJV, 
i.e. ·equivalent to about 0.033 in or 77 j..Jmetre. 

More than 60 dB attenuation from one chan
nel to the other. 
May be switched to any one of the channel 
outputs. 
Manual or remote control. 

Less than 50 difference in the range 2 Hz to 
10kHz. 
LOW FREQUENCY LIMIT set to 2Hz. 
1 00 - 115 - 127 - 150 - 220 or 240 V 
±10%, 50-400Hz. 
1 power cable, 
2 input plugs, 
3 output plugs, 
1 remote control plug, spare panel lamp and 
fuses. 

Height Width Depth Weight 

Type 2622 B 
(Mahogany 20.6 em 51 em 20.6cm 9.5 kg 
cabinet) 8" 20" 8" 

Type 2622 C 

(For stand. 17.7 em 48cm 16.6 em 6.5 kg 
19" rack) 7" 19" 6.5" 



7. 1/2" MICROPHONE PREAMPLIFIER TYPE 2619 

This microphone preamplifier is also an excellent preamplifier for piezo
electric accelerometers due to its extremely high input impedance and very 
wide frequency and dynamic ranges. Among other accessories an Adaptor JJ 
2615 is included for the connection of miniature accelerometer cables. This 
adaptor contains a 50 pF capacitor for blocking the polarization voltage. 
With its wide frequency range and short rise and fall times, the preamplifier 
is ideal for measurements of transient signals and shocks. The preamplifier 
can be plugged into any B&K instrument with a microphone input socket. 

Fig.4.27. 1/2" Microphone Preamplifier Type 2619 and accessories. 
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SPECIFICATIONS 2619 

Supply Voltage, DC 120 v 28 v 

Frequency Range± 1 dB 2 Hz-200 kHz1) 2 Hz-200 kHz3) 
2Hz- 20 kHz2) 2Hz- 20 kHz4) 

Dynamic Range 20 Hz-200 kHz 
115 dB 98 dB 

. at 200C >4ooo Mn >2900 MQ 
Input Res1stance at 800C 

>250o Mn >15oo Mn 

Input Capacity <0.5 pF <0.6 pF 

Output Impedance Approx. 25!1 Approx. 70 Q 

Gain -0.01 dB -0.04 dB 

Max.lnp.Volt., Sine Wave (4% dist.) 40 V RMS 5 V RMS 

Max. Output Current 1.5 rnA Peak 0.5 rnA Peak 
~"::-. 

Power Consumption 2 ~'A 
.}':; 

1 rnA 

1) 4 V RMS 2) 15V RMS 3) 0.1 V RMS 

Noise, 20 Hz-200 kHz: 
(JJ 2615 at input) 
Pulse Rise Time: 
Decay Time: 
Temperature Range: 

Dimension: 
Connection Type: 
Cable Length: 
Accessories Included: 
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<181JV 
<17 JJV with heating element disconnected 
0.2 IJsec 
0.6 IJSec 
-20 to + 1 oooc (+600C only for the socket 
unit) 
1 /2" dia 
7-pin, B&K 
2 m (6.6 feet) 
Adaptor for 1" microphone (DB 0375), 
Coaxial input plug adaptor for miniature 
cables (JJ 2615), Gooseneck UA 0196). 



Fig.4.28. 8 & K Cathode followers. 

8. CATHODEFOLLOWERS 

The B&K cathode followers are excellent preamplifiers for piezoelectric 
accelerometers due to their high input impedance and very wide frequency 
and dynamic ranges. Small size and a rugged construction make them suit
able for operation in most laboratory and field measuring set-ups. Type 
2615 is recommended for shock work. 

The cathode followers are plugged into any B&K instrument with a 
microphone input socket. 
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Cathode Follower Type 2612 I 2613 2614 I 2615 

Input ~ mpedance 270 Mr2 paralleled by 3 J.J~F 700 Mr2 paralleled by 3 IJ\JF 

Output Impedance Approximately 750 Q Approximately 750 Q 

Gain -0.8 dB ±0.2 dB - 0.9 dB ±0.2 dB 

Self-generated Noise 
Less than 30 !JV (input Less than 40 uV (input 

Level in wide band 

(20Hz-200kHz) 
loaded by 60 UIJF) loaded by 20 IJIJF) 

Max. input voltage 20 V (4% distortion limit when loaded by a resistance 

greater than 50 kr2) 

Only limited by the capacity connected at the output (up 

Frequency range to above 100 kHz with B & K equipment and without ex-

tension cables) 

Connection type goose neck 12 m long cable goose neck 12 m long cable 

Diameter of the housing 0.936 inch (23.77 mm) 1 /2 inch ( 1 2. 7 mm) 

Length of the housing 2 inches (50 mm) 2 3/4 inches (7o mm) 
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5. MEASURING SYSTEMS 

1613 

1612 , 1614 
1615, 1620 
2020 
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Fig.5. 1. Possible instrument combinations for vibration measurement and 
analysis. Any path from accelerometer to measuring amplifier gives a 

feasible measuring system. 

BR0EL & KJ.LER MEASURING SYSTEMS 

A vibration measuring system ususally consists of the following parts: 

Accelerometer 
Preamplifier 
Integrating networks 
Amplifier 
Filter network 
Indicating device. 
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In the Bruel & Kj<Br systems the amplifier, filter network and indicating 
device are often contained in one instrument. A block diagram of possible 
instrument combinations from the B&K program is given in Fig.5.1. 

Preamplifier. Bruel & Kj<Br produce several types of preamplifier for use 
with the accelerometer in vibration measuring set-ups. These are described 
in Chapter 4. 

INTEGRATING NETWORKS 

Apart from the integrating networks contained in the Preamplifiers Type 
1606 and Type 2625, Bruel & Kjrer produce a separate unit called the 
Integrator Z R 0020. 

The Integrator, containing two stages of integration, is designed for 
screwing directly onto a B&K Precision Sound Level Meter Type 2203, 
effectively converting this into a handy, portable vibration meter, capable of 
indicating levels of acceleration, velocity and displacement when an accele
ration pick-up is employed as a vibration transducer. A slide rule is de
livered with the integratqr which may be set to the acceleration pick-up 
sensitivity and used for direct conversation of dB-readings to units of vibra
tion (metric and British). Accelerometer sensitivities from 10 to 1000 mV /g 
are covered. 

The components of the RC integrating networks have been chosen to 
give a low-frequency cut-off (-3 dB point) at about 5 Hz. This is suffi
ciently low, since the Precision Sound Level Meter itself has a low-frequen
cy cut-off of about 5Hz. The high-frequency limits are determined by the 
capacitive coupling between input and output and are about 15 kHz for 
velocity and 4 kHz for displacement measurements. These ranges are suffi
ciently large for the majority of applications. 

It is also quite possible to use the Integrator with the B&K analysing/ 
indicating instruments, i.e. 2107, 2112, 2113, 2603 or 2211. 

AMPLIFIERS AND INDICATING INSTRUMENTS 

BrUel & Kj<Br produce a number of indicating amplifiers for use in vibra
tion measuring set-ups. They include: 

1. Microphone Amplifier Type 2603, 2604 
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2. Frequency Analyzer Type 2107 
3. Audio-Frequency Spectrometer Type 2112 
4. Sound Level Meter Type 2203 
5. Vacuum Tube Voltmeter Type 2112 
6. Vacuum Tube Voltmeter Type 2417 
7. Vibration Meter Type 2502 
8. Level Recorder Type 2305 

1. Microphone Amplifiers. These are convenient to use both with cathode 
followers and with the Preamplifier Type 1606. They measure overall 
vibration level, but are equipped with filter input and output sockets for 
operation with external filters in frequency analyzing set-ups. Frequen
cy range 2603: Flat to within± 0.5dB from 2 to 40,000 Hz. 2604:Fiat to 
within± 0.5 dB from 10 to 200,000 Hz. 

2. Frequency Analyzer Type 2107. This is a microphone amplifier similar 
to Type 2603 but with a frequency selective filter network built-in. In 
vibration measurements it is an excellent means for analysing the fre
quency contents of the vibration signal. The analyzer is of the constant 
percentage bandwidth type and the bandwidth is selectable from about 
6% to 29% of the tuned-in frequency. Using the 6% bandwidth gives a 
clear indication of each frequency component of the vibration. An im
portant advantage is the possibility for driving the frequency tuning 
mechanism from the Level Recorder Type 2305, to give automatic fre
quency spectrum analysis curves on precalibrated paper, when, the two 
instruments are synchronized. Frequency range 2-40,000 Hz for overall 
measurements (frequency selective part switched out), 20-20,000 Hz for 
frequency analysis. 

3. Audio Frequency Spectrometer Type 2112 or 2113. This is gain a micro
phone amplifier but with 1/3 and full octave, contiguous fixed filters 
built-in. The frequency range covered is 22 to 45,000 Hz when used 
selectively. 2 to 40,000 Hz when used for overall measurements. When 
used with the Level Recorder Type 2305 the filters may be switched 
automatically from the recorder and frequency spectra are recorded on 
preprinted, calibrated paper as either third octave or octave analysis. 

4. The Precision Sound Level Meter has its own F .E.T. preamplifier built
-in and may therefore be used with the accelerometer connected 
directly to its input terminals. Using the Integrator ZR 0020 described 
above the Precision Sound Level Meter is effectively converted into a 
light, portable vibration meter, for measurement of acceleration, velocity 
and displacement. The Octave Filter Set Type 1613 may be attached to 
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the Sound Level Meter for a rough frequency analysis of the vibration. 
Frequency range for overall measurements: 10 to 20,000 Hz, and- for 
octave analysis: 22.5 to 20,000 Hz. 

5. Vacuum Tube Voltmeter Type 2409. This voltmeter is an excellent in
strument for overall vibration measurements, used with for example the 
Microphone Power Supply Type 2801 and a Cathode Follower Type 
2615. The frequency characteristic of the voltmeter is flat to within ±0.2 
dB from 2 to 200,000 Hz with true RMS, peak or arithmetic average 
indication of the vibration signal. Using the Preamplifier Type 1606 one 
can measure velocity and displacement as well as acceleration level. 

The Vacuum Tube Voltmeter may also be used with an input directly 
from the accelerometer, since the input impedance is as high as 10 Mn in 
parallel with 20 pF. This means that vibration measurements may be 
carried out down to as low as 20 Hz employing the Voltmeter alone. 

6. Random Noise Voltmeter Type 2417. This meter may be used as the 
above Type 2409, but the meter circuit employs selectable time
constants from 0.3 to 100 seconds, which is used to obtain a stable 
reading when the vibration is irregular or "random" at low frequencies. 
An output socket is provided for use with the Level Recorder Type 
2305. The output signal is DC, proportional to the RMS level of the 
vibration, and the Level Recorder must be switched to DC operation. 
The frequency characteristic of the voltmeter is flat to within ±0.2 dB 
from 2 to 20,000 Hz. 

7. Vibration Meter Type 2502. The Vibration Meter Type 2502 is a con
trolling-measuring amplifier, designed for use in vibration test systems 
with the B&K Automatic Vibration Control Type 1025 and the Sine
Random Generator Type 1042. It can also be used independently as a 
vibration meter. 
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Two inputs are provided, one for calibrated accelerometer preamplifiers 
providing an input voltage of 10 mV/g, and one for measuring accelera
tion density in connection with wideband vibration analyzing equipment 
calibrated for 1 volt per g2/cps. 

When used in vibration test systems the Vibration Meter is connected in 
the feedback circuit (compressor) from the control accelerometer to the 
signal generator and integrating networks are provided making possible 
the measurement and control of displacement, velocity and acceleration 
gradient as well as acceleration. Facilities are included for connection of 
external filters. 



The meter circuit employs a quasi-RMS rectifier, giving the same reading 
for sinusoidal signals and white noise having the same RMS value. Select
able meter time constant from 0.3 to 30 sec. can be automatically con
trolled from the signal generator in synchronism with the changing of 
compressor speed. The DC voltage to the meter is connected to a socket 
so that the large time constants of the meter circuit may be used for 
other purposes, such as for example recording on the Level Recorder 
Type 2305. 

Level Recorder Type 2305. All the amplifying-indicating instruments 
described above have an output terminal for feeding for example the 
B&K Level Recorder Type 2305. This provides a permanent written 
record of whatever is measured, as a function of time, or when the 
Recorder is coupled to a frequency analyzer, as a function of frequency. 
The Level Recorder is in itself a very versatile measuring instrument, 
capable of measuring RMS, peak and average values of signals from 2 to 
200,000 Hz or DC signals. Its dynamic range is variable from 10 dB to 
75 dB, and the writing width is 50 or 100 mm. 

The Statistical Distribution Analyzer Type 4420 may be coupled to the 
Level Recorder to give a level/time distribution of the measured signal. 

The sampling frequency is variable from 0.1 to 10 seconds and the width 
of the amplitude window is one tenth of the writing width of the Level 
Recorder. 

As the counters employed go up to 999.999, an analysis time of more 
than 24 hours is possible even with the highest sampling frequency. 
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GROUND LOOPS. 

In set-ups where ground loops are disturbing or where ground currents 
may be carried in the shield of the transducer cable, thus superimposing a 
noise voltage on the signal, one should first, of all consider the use of 
isolated mounting. One may use the isolated stud and mica washer, the 
magnet clamp, or the cementing stud with a glass woven layer in the cement 
between the stud and the measuring object. If one of these methods cannot 
be employed, a battery driven system may be the solution, or a battery 
driven preamplifier connected to AC driven equipment via a balancing trans
former such as the B&K Type Tl 0001. See Fig.5.2. 
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Fig.5.2. Use of Balancing Transformer to eliminate ground loops. 



6. CALIBRATION 

When absolute vibration level is measured it is necessary to know the 
absolute sensitivity versus frequency characteristic of the measuring instru
mentation. As a rule piezoelectric accelerometers of careful design and 
manufacture are extremely stable, but after exposure to high temperature or 
shock environments it may be wise to recalibrate. 

Equipment for relatively quick and simple calibration of vibration pick-
. ups is available from Bruel & Kjc:er. This consists of a small electrodynamic 
shaker Type 4290 with an accurately calibrated control accelerometer built 
in. Using the control accelerometer in a feedback loop with a B&K feedback 
controlled sweep oscillator the vibration of the shaker table is held constant 
in the frequency range 200 to 30,000 Hz, and when an accelerometer is 
fixed onto the shaker table its frequency response is easily measured, e.g. 
with a Level Recorder Type 2305, or point by point. A suitable set-up is 
shown in Fig.6.1. 

B.F.O. 

'2657(0 

Fig. 6. 1. Set-up suitable for the calibration of accelerometers. There are 
many possible alternatives to the various instruments shown. 
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The Level Recorder is used for obtaining a permanent record of the 
frequency characteristic of the accelerometer. The absolute sensitivity of 
the accelerometer is found by comparing the output with the output from 
the built-in calibrated control accelerometer. Since the shaker table itself is 
part of the control accelerometer, the vibration is exactly the same for the 
two accelerometers. 

The comparison method gives an accuracy on the absolute calibration of 
better than ±1 dB. 

When higher accuracy is needed, or when it appears necessary to check 
the sensitivity of the control accelerometer, the same shaker may be used 
for reciprocity calibration. The procedure is described fully in the instruc
tion manual for the Calibration Exciter Type 4290. The accuracy of this 
method is better than ± 0.5 dB with careful procedure. 

An alternative method is to keep a "secondary standard" for reference 
calibration only. For this purpose any one of the accelerometers 
4332-33-34-35-39-43 may be used. If this is kept for reference only 
and is not exposed to extreme mechanical shocks or temperatures, it will 
serve as a stable reference over a long period of time. Comparison between 
the reference and an unknown may easily be carried out on for example the 
4290 shaker table. 2% absolute accuracy is obtainable this way. 
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7. APPLICATIONS 

The following are a few suggestions for instrument combinations which 
may be used in some common accelerometer applications. It is in no way 
suggested that this list covers more than just a fraction of the possibilities 
one might meet in practice. Nor does it necessarily give the one and only 
solution to the given problem. The selection of instrument combinations 
should always be given careful attention with due regard to frequency re
sponse, dynamic range, operating environment, accuracy, read-out device 
etc. It is hoped that the foregoing chapters will be of some assistance to the 
person responsible for such a selection. 

Further information about the various B&K instruments is found in their 
respective Instruction and Application books. 

PORTABLE INSTRUMENTATION 

The Precision Sound Level Meter Type 2203 is an excellent indicating 
amplifier for vibration measurements when portable instrumentation is re
quired. Used with the Integrator ZR 0020 it can measure velocity and 
displacement in addition to acceleration. An octave filter set Type 1613 can 
be joined to the Precision Sound Level Meter for frequency analysis of the 
measured vibration quantity. See Fig.7.1. 

Accelero
meter 

ZR0020 
Integrator 

2203 
Indicating 
Amplifier 

1613 
Octave 
Filters 

2.65709 

Fig.l. 1. Portable, battery driven instrumentation for measurement and 
analysis of vibration. 
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When long cables are required between the accelerometer and the indi
cating instrument a good solution may be to use the Preamplifier Type 2623 
or 2616. These are small, compact, battery driven, transistorized units 
which may be used with very long cables. See. Fig.7.2. 

Accelero
meter 

2623 
Preamplifier 

28 V Battery 

ZR 0020 
In-tegrator 

2203 1613 
Indicating Octave 
Amplifier Filters 

:Z6570B 

Fig.7.2. Portable instrumentation suitable for use with long connection cable. 

Another possibility is to use the Charge Amplifier Type 2614 and in this 
case the long cable in inserted between the accelerometer and the preampli
fier. 

Such instrumentation is also well suited for collecting vibration data in 
the field with the aid of a portable tape recorder. Any desired vibration 
signal may then be recorded on the tape and brought back to the laboratory 
for subsequent analysis with more powerful instrumentation systems. 

Accelero
meter 

ZR 0020 2203 
Integrator Calibrated 

Amplifier 

Portable Tape Recorder 

265707 

Fig.7.3. Instrumentation for collecting vibration data in the field for later 
analysis. 
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VIBRATION ISOLATION 

The effectiveness of vibration isolators may be conveniently measured 
using an accelerometer and one of the B&K indicating analysing amplifiers, 
e.g. the Audio-Frequency Spectrometer Type 2112, the Frequency Analy
zer Type 2107, or the Precision Sound Level Meter Type 2203, fitted with 
the Octave Filter Set Type 1613. 

An example of a set-up is shown in Fig.7.4 where the Audio-Frequen
cy Spectrometer is used for measuring the vibration isolation between a 
motor and its foundation. The Spectrometer is automatically driven from 
the Level Recorder and may be set to 1/3 or 1/1 octave analysis in the 
frequency range 22-45,000 Hz. Additional filters may be obtained ex
tending the frequency range down to 11 Hz. 

Preamplifier Spectrometer 

Fig.7.4. Set-up for finding motor vibration and vibration isolation of 
motor foundation. 

A Preamplifier Type 2625 is employed. With the arrangement it is pos
sible to switch between the two measuring points and the curves drawn by 
the Level Recorder Type 2305 gives the vibration of the motor and the 
isolation between the motor and its foundation. A typical set of curves is 
shown in Fig.7 .5. The vibration isolation at the various frequencies is the 
difference in dB between the two curves. Since the Preamplifier contains 
integration networks the measurements may represent either acceleration, 
velocity or displacement. 

Vibration Tests. Fig.7.6 shows a typical arrangement for vibration testing 
of mechanical components. The component under test is mounted on an 
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Fig.7.5. Frequency analysis of the vibration signal as obtained with the 
set-up shown in Fig.1.4. 

electrodynamic vibration exciter (shaker) which is fed from the Sine
Random Generator via a power amplifier. To maintain constant vibration 
level in the shaker table, independent of frequency, the output from the 
Sine-Random-Generator is regulated by the signal from an accelerometer 

Fig.7.6. Vibration test set-up. 

78 



-
~OOODOODDDOOOOOODOODDOOOOOOODOOOOOOOOOOODOOODODODOO 
I•O;l!,!l•r ..... ,_, 

25 
.w•q. a.a.ll.q., .W~II-

10 
1S 

-"""'--. • =~_Acceleration 
ero~gwot" 

...... __ _ 

._ __ _ ..., __ _ 

...,, __ _ 
'-'""'--~ · 
lla""--... __ _ ...... __ _ 
'-"'-
Moolripty,_Sc-....,;_ 0010 

QP 1123 10 100 1000 

Fig.l.l. Example of acceleration level at the top of a specimen shaken at 
constant acceleration. 

mounted on the table. The Preamplifier Type 2622 is used in the feedback 
loop to match the impedance of the accelerometer to that of the Vibration 
Meter Type 2502. This meter can measure acceleration, velocity, displace
ment or acceleration gradient, and the same quantities may be held constant 
at the shaker table. The instrument combination can be used both for sweep 
sine and sweep random vibration tests. 

Quality Control. In the last few years it has been realized that a vibration 
measuring system may be used for quality control of such items as electric 

2211 
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Fig.l.B. The Noise Limit Indicator Type 2211. 
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motors, vacuum cleaners, refrigerator units etc. The BrOel & Kjcer Noise 
Limit Indicator has been designed especially for production control of mass 
produced items with regard to their noise and vibration output. The instru
ment has two alternative inputs for B&K Cathode Followers or Preampli
fiers Type 1606. 12 parallel output amplifiers may be fitted with plug-in 
filters, e.g. 1/3 or 1/1 octave filters, and a control panel with red lamps will 
indicate when the input signal level exceeds any preset value in each fre
quency band. On the basis of noise or vibration investigations on satisfac
tory production items, these limits may be set, and a quick production line 
control may be set up. In case of a fault in the item being tested, the 
vibration may be high in one or two particular frequency ranges. By looking 
at the frequency range in which the preset level is exceeded, it is often 
possible to tell straight away what the fault is, and it may be corrected 
without Joss of time. 

This method of quality control is covered more fully in B&K Technical 
Review No.2-1963, "Quality Control by Noise Analysis". The Technical 
Review is mailed free of charge upon request. 

SHOCK MEASUREMENTS 

Shock measurements place rigid requirements upon the measuring 
system, especially with regard to frequency response, phase distortion and 
amplitude linearity. When measuring shock the information one tries to 
extract is the instantaneous value versus time of the measured quantity, e.g. 
acceleration. A calibrated oscilloscope is often used for displaying the shock 
waveform, since ordinary meters can not be used due to the short duration 
of the signal. 

Frequency Response 

Shock pulses in practice contain continuous frequency spectra from DC 
up to many thousand cycles per second, and it is very important that the 
measuring system covers essentially the whole frequency range in order that 
the shock waveform may be reproduced faithfully on the oscilloscope 
screen. The frequency range of the instrumentation should preferably 
extend from 

O.OOB Hz to _!Q_ Hz 
T T 

where T is the duration of the shock pulse in seconds. See B&K Technical 
Review No.3-1966. 
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Fig.7.9. Output waveshapes of amplifiers with various frequency character
istics for single square pulse input of variable duration. The corresponding 

frequency characteristics are shown below. 

Fig.7.9 shows the output signal from an amplifier with various frequency 
characteristics resulting from single rectangular pulse inputs of variable dura
tion. The corresponding frequency characteristics are shown in Fig.7.10. 
This example demonstrates the importance of the measuring system fre
quency response when employed for shock measurements. 
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Fig.7.10. Frequency response characteristics of the amplifiers used in the 
example above. 
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Phase Distortion 

In order to obtain an undistorted display it is also necessary that the 
various frequency components are phase delayed by an amount proportio
nal to the frequency, i.e. 

rp = k f 

Where f is the phase distortion of the system at frequency f. 

The system may be used for shock measurements when k = 0, i.e. no 
phase distortion, or when k is some positive or negative constant. 

In shock measurements extremely high signal peaks may be encountered, 
and it is necessary to make absolutely certain that the dynamic capacity of 
the measuring system is sufficiently large. 

High shock pulses, resulting in saturation of the amplifiers, may cause 
blocking of the amplifiers, and a certain "recovery time" will elapse before 
the next pulse can be measured correctly. This recovery time is to a certain 
extent dependent upon the low frequency cut-off of the amplifiers, so that 
the lower the low frequency cut-off is, the more careful one must be not 
to overdrive the amplifiers. For pulse train measurements this is especially 
important. 

Fig.7.11 gives a set-up suitable for the measurement of mechanical 
shock. This instrument combination gives a very large dynamic range and an 
excellent signal to noise ratio. The low-frequency cut-off is around 0.2 
Hz. As no phase-shift is introduced by the preamplifier the shock wave
form is reproduced faithfully on the oscilloscope screen. 

a~
2

~•rstt-----li_[Q] ___j 

Accele- Oscilloscop• 
romet•r Preamplifier 

:ll:.915o 

Fig.7.11. Instrumentation suitable for shock measurements. 
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8. ACCESSORIES 

The following accessories are available for the accelerometers and the . 
transistorized preamplifiers. 

UA 0125 Set of studs containing 10 isolated studs YS 0420, 10 steel 
studs YO 2960, 10 nuts YM 0414, 10 mica washers YO 0534, 
1 die and 1 tap NF 10-32. 

UA 0142 1 set of clamping magnets containing 5 permanent magnets 
UA 0070 with isolated mounting. 

UA 0129 Set of 20 miniature plugs JP 0012 with tools and instruction 
for mounting of the plugs on cable. 

UA 0130 Set of 25 miniature plugs JP 0012. 

UA 0186 Set of 25 extension connectors JJ 0032. 

AO 0037 1.2 m (4ft.) of mininoise cable for operation to 1000C (2120 
F) fitted with miniature plugs. Individually calibrated. 

Fig.8.1. · Photograph of UA 0129 and instructions for mounting of the 
plug JP 0012. 
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AO 0038 1.2 m (4 ft.) of mininoise cable for operation to 2600C (5000 
F) fitted with miniature plugs. Individually calibrated. 

AC 0010 Mininoise cable up to 600ft. in one length. 
90 pF/m or 30 pF/ft., for operation to 1000 C (2120 F). 

AC 0005 Mininoise cable up to 600ft. in one length. 
90 pF/m or 30 pF/ft., for operation to 2600C (5000 F). 

JP 0028 Adaptor plug, microplug to B&K coaxial. 
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9. CONVERSION CHARTS, TABLES ETC. 

The following table is given in order to facilitate the conversion from dB 
to a (voltage) ratio. It is used as follows: 

Subtract a whole number of n X 20 from the dB value to be converted 
which gives a positive remainder between 0 and 20. Look up the ratio in the 
table corresponding to the remainder. The value sought is then 10n X value 
from the table. 

Example: Convert 65.3 dB re. 1 g into units of g. 
65.3 = (3) X 20 + 5.3. 

5.3 gives from table 1.841. The g-value is then 103 X 1.841 = 1841 g. 

With negative values the procedure is the same, e.g.: 
Convert -31.8 dB re, 1 g into units of g. 
-31.8 = (-2) X 20 + 8.2. 

8.2 gives from table 2.570. The g-value is then 
10 -2 X 2.570 = 0.02570 g. 

dB .0 .1 .2 .3 .4 .5 .6 .7 .8 .9 

0 1.000 1.012 1.023 1.035 1.047 1.059 1.072 1.084 1.096 1.109 
1.1221.1351.1481.161 1.1751.1891.202 1.2161.2301.245 

2 1.259 1.274 1.288 1.303 1.318 1.334 1.349 1.365 1.380 2.396 
3 1.413 1.429 1.445 1.462 1.479 1.496 1.514 1.531 1.549 1.567 
4 1.585 1.603 1.622 1.641 1.660 1.679 1.698 1.718 1.738 1.758 
5 1. 778 1. 799 1.820 1.841 1.862 1.884 1.905 1.928 1.950 1.972 
6 1.995 2.018 2.042 2.065 2.089 2.113 2.138 2.163 2.188 2.213 
7 2.239 2.265 2.291 2.317 2.344 2.371 2.399 2.427 2.455 2.483 
8 2.512 2.541 2.570 2.600 2.630 2.661 2.692 2.723 2.754 2.786 
9 2.818 2.851 2.884 2.917 2.951 2.985 3.020 3.055 3.090 3.126 

10 3.162 3.199 3.236 3.273 3.311 3.350 3.388 3.428 3.467 3.508 
11 3.548 3.589 3.631 3.673 3.715 3.758 3.802 3.846 3.890 3.936 
12 3.981 4.027 4.074 4.121 4.169 4.217 4.266 4.315 4.365 4.416 
13 4.467 4.519 4.571 4.624 4.677 4.732 4.786 4.842 4.898 4.955 
14 5.012 5.070 5.129 5.188 5.248 5.309 5.370 5.433 5.495 5.559 
15 5.623 5.689 5. 754 5.821 5.888 5.957 6.026 6.095 6.166 6.237 
16 6.310 6.383 6.457 6.531 6.607 6.683 6.761 6.839 6.918 6.998 
17 7.079 7.161 7.244 7.328 7.413 7.499 7.586 7.674 7.762 7.852 
18 7.943 8.035 8.128 8.222 8.318 8.414 8.511 8.610 8.710 8.910 
19 8.913 9.016 9.120 9.226 9.333 9.441 9.550 9.661 9.772 9.886 
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Conversion of Length 

m em mm ft inch 

1m 1 100 1000 3,281 39,37 

1cm 0,01 1 10 0,0328 0,3937 

1 mm 0,001 0,1 1 0,00328 0,03937 

1 ft 0,3048 30,48 304,8 1 12 

1 inch 0,0254 2,54 25;4 0,0833 1 

Conversion of Acceleration 

g m/s2 cm/s2 ft/s2 in/s2 

1 g 1 9,81 981 32,2 386 

1 m/s2 0,102 1 100 3,281 39,37 

1 cm/s2 0,00102 0,01 1 0,0328 0,3937 

1 ft/s2 0,03109 0,3048 30,48 1 12 

1 infs2 0,00259 0,0254 2,54 0,0833 1 

Conversion of Weight (Mass) 

kg g lbs oz 

1 kg 1 1000 2.205 35.3 

1 g 0.001 1 0.0022 0.0353 

1 lbs 0.4536 453.6 1 16 

1 oz 0.02835 28.35 0.0625 1 
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Temperature: 

9 
F=- C+32 

5 

Single Degree of Freedom System 

M =mass (kg) 

5 
C = - (F-32) 

9 

K = stiffness (Newt/m) 

wa = V ~ = 2 n X resonance frequency 

26570~ 

Wo = V J.t where .1., = static deflection of the mass. 

For Single Frequency (Sinusoidal) Vibration 

Acceleration Velocity Displacement 

1 1 
a coswt -wa sinwt - w 2 a coswt 

-wv sinwt 
1 

v coswt --wv sinwt 

- w2 d coswt -wd sinwt d cos wt 

RMS Values 

A Alw Afw2 

wV v V/w 

w2D wD D 
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10. SPECIFICATIONS 

The accelerometers are available as Accelerometer Sets Type 4318 and as 
Accelerometer Packages Type 4358 containing the following parts: 
(See Fig.1 0.1 ). 

The Accelerometer Set Type 4318 contains: 

One Accelerometer Type 4338 
One low noise cable for operation to 1 oooc (2120 F) AO 0037 
Five threaded steel studs, 10-32 NF YO 2960 
One electrically isolated stud, 10-32 N F YS 0420 
Five nut, 1 0-32 N F YM 0414 
One cementing stud DB 0756 
One mica washer YO 0534 
Electrically isolated permanent magnet UA 0070 
Cable clip DL 3014 
Wax y J 0216 
Probe with round tip yp 0080 
Sharp tip for probe DB 0545 
Screw tap, 1Q-32 NF OA 0029 
Allen key for studs QA 0013 
Microplug to B&K plug adaptor JP 0028 
Individual calibration chart 
Two tubes for water cooling DB 0524 

The Accelerometer Package Type 4358 contains: 

Five Accelerometers Type 4338 
Five low noise cables for operation to 1000C (2120 F1 AO 0037 
Five threaded steel studs, 10-32 NF YO 2960 
Five individual calibration charts 
Ten tubes for water cooling DB 0524 
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DBD~l- ==Y~~Mt04~1~~=~~~Y.r.~0216 DL301~ 

YQ 2960 JP 0028 UA0070 

Fig.10.1. Photograph of an accelerometer set (excl. mahogany case). 
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SPECIFICATIONS 4338 (4318/58) 

Charge Sensitivity, pC/g 
Voltage Sensitivity, mV/g 
Sensitivity stability (ISA-RP 37.2) 
Free Resonance, kHz 
Mounted resonance (solid steel), kHz 
Capacity incl. cable, pF 
Transverse sensitivity, % * * 
Base strain sensitivity*** 

Max. ambient temp., oc 
Temperature sensitivity, dB/OC 
Leak resists, at 200C, M n 
Typical value at 2500C, M n 
Magnetic sensitivity, g/k gauss*** 
Acoustic sensitivity 
Torque sensitivity 6-60 kgcm(%) 
Frequency range with steel screw± 2% 

II 11 II II II ± 10% 
Cable connection 
Height, mm/inches 
Weight, grams/ounces 
Material of base 
Provision for water cooling 
Mounting thread 

100 ± 2% 
approx. 100 
better than 2% 
20 
12 
approx. 1000 
<3 
< 5 x 1 0·5g/l-J strain (in 

plane of base) 
260 
0.02 
>2 X 104 
2 X 104 
<0.2 
< 194 dB SPL equivalent to 1 g 
<1 
0*-1500Hz 
0*- 3000Hz 
Top 
30.8/1.99 
typical 60/2.12 
stainless steel (AISI.316) 
yes 
10-32 NF 

* The low frequency cut-off is determined by the preamplifier. 

** Axis of minimum transverse sensitivity indicated by red dot. 

*** Ref. ISA. RP 37.2-64 
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B & K INSTRUMENTS: 

ACOUSTICAL . .. . 
Condenser Microphones 
Piezo-Electric Microphones 
Microphone Preamplifiers 
Microphone Calibration Equip. 
Sound Level Meters 
(general purpose-precision
and impulse) 
Standing Wave Apparatus 
Tapping Machines 
Noise Limit Indicators 

ELECTROACOUSTICAL . ... 
Artificial Ears 
Artificial Mouths 
Artificial Mastoids 
Hearing Aid Test Boxes 
Telephone Measuring Equipment 
Audiometer Calibrators 
Audio Reproduction Test Equip. 

STRAIN .... 
Strain Gauge Apparatus 
Multipoint Panels 
Automatic Selectors 
Balancing Units 

VIBRATION .... 
Accelerometers 
Accelerometer Preamplifiers 
Accelerometer Calibrators 
Vibration Meters 
Magnetic Transducers 

Capacitive Transducers 
Vibration Exciter Controls 
Vibration Programmers 
Vibration Signal Selectors 
Mini-Shakers 
Complex Modulus Apparatus 
Stroboscopes 

GENERATING .... 
Beat Frequency Oscillators 
Random Noise Generators 
Sine-Random Generators 

MEASURING .... 
Measuring Amplifiers 
Voltmeters 
Deviation Bridges 
Megohmmeters 

ANALYZING . .. . 
Band-Pass Filter Sets 
Frequency Spectrometers 
Frequency Analyzers 
Real-Time Analyzers 
Slave Filters 
Psophometer Filters 
Statistical Analyzers 

RECORDING .... 
Level Recorders 
(strip-chart and polar) 
Frequency Response Tracers 
Tape Recorders 

BRUEL& K\.IAC.R 
DK-2850 Ncerum, Denmark. Teleph.: (01) 80 05 00. Cable : BRUKJA, Copenhagen. Telex: 5316 




