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1. INTRODUCTION 

The Accelerometer Calibrator Type 4291 is a small, portable vibration 
exciter which can be used for rapid and accurate calibration of accelerome
ters and other transducers. The prime mover consists of two identical vibrat
ion tables, mechanically coupled and mounted along the central axis of a 
cylindrical permanent magnet. Around each table is wound a coil, with one 
coil acting as driver coil and the other as a v~locity monitor. Each table is 
fitted with a 10-32 NF threaded hole to receive the transducer. 

The instrument has a Wien bridge oscillator, which supplies the necessary 
sinusoidal voltage at a frequency of 79.6 Hz. The acceleration rate can be 
set to 1 g peak with the aid of the built-in load indicator. The drive voltage 
can also be supplied by an external generator in the range from 50 to 
2000Hz. 

There are two possibilities for power supply. The instrument's own 
power supply consists of 4 x 1.5 volt batteries, converter and a voltage 
stabilizer, for field use. For laboratory use, there is provision on the back 
plate for external power supply from a stabilized 28 volt DC source. 
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2. ACCELERATION, VELOCITY, AND 
DISPLACEMENT DATA 

2.1 BASIC THEORY OF MECHANICAL VIBRATIONS 

There are three aspects of mechanical motion which are of interest for 
measurement purposes. They are: 

1. Displacement 
2. Velocity 
3. Acceleration 

Displacement 

X 

A 

-A 

Fig.2. 1. Sinusoidal Motion: Displacement. 
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Mathematically, a sinusoidal wave is defined as 

x = A sin (wt +a) 

where 

x Instantaneous displacement 
A Maximum amplitude 
w Angular frequency (w = 2 7If, f =frequency) 
t Time 
a Initial phase of displacement 

Fig.2.1 shows a sinusoidal vibration which begins at the reference level, 
i.e. x = 0 at t = 0. Such a function has an initial phase displacement of 0 
(a=O). 

Velocity 

v 

Aw 

-Aw 

Fig.2.2. Sinusoidal Motion: Velocity. 

Mathematically, we derive velocity from the displacement by taking the 
derivative with respect to time, as follows: 
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v = 
dx 
dt 

x = A sin wt 

dx 
v =--= Aw cos wt 

dt 

Fig.2.2 shows the velocity of a sinusoidal oscillation with the displace
ment characteristic of F ig.2.1. Notice the 900 phase change and the factor 
of w onto the maximum amplitude of the curve. 

Acceleration 

Fig.2.3. Sinusoidal Motion: Acceleration. 

Acceleration is defined as the speed at which the velocity changes, in 
other words how quickly the object speeds up or slows down. 

Mathematically, acceleration is derived from velocity by taking its deriv
ative with respect to time: 

dv 
a=~ 

v = Aw cos wt 

dv A 2 . a = - = - w sm wt 
dt 
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This means that acceleration is the second derivative of displacement, 

d2x 
a = dt2 

Fig.2.3 shows the acceleration of a sinusoidal oscillation with the dis
placement characteristic of Fig.2.1. Notice again a further change of goo in 
phase from the velocity and a further factor of w on the maximum ampli
tude. Relative to the displacement, therefore, phase is advanced by 1800 
and amplitude increased by a factor of w2. 

Root Mean Square 

The Accelerometer Calibrator 4291 is constructed to operate at a Peak 
acceleration level of 1 g. This means that the maximum acceleration of its 
sinusoidal motion is 1 g. Most measurement techniques are interested in 
determining some long term effective or average measure of the parameter 
of interest. One of the most realistic and most common types of averaging is 
the RMS technique since it is directly related to the energy content of the 
signal. 

Mathematically, RMS is defined as: 

j -1
- f 7 

f2(t) dt 
7 0 

In terms of the displacement of the vibration just discussed it means that 

X = J+ JT A2 sin2 wt dt 

j~2 I sin2 wt dt 
0 

For the 4291 case of pure sinusoidal motion: 

XRMS A/ .J2 or 0.707 A (A is the peak value). 

Fig.2.4 shows the relation between the peak value, RMS value, and arith
metic average value of a sine wave with period 7. 
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time 
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Fig.2.4. Sinusoidal Motion: RMS, Peak, and Rectified Average Values. 

2.2 CONDITIONS AT 1 g peak 

The Accelerometer Calibrator Type 4291 is designed to give a calibration 
level of 1 g peak. This means that, having correctly set the calibration level, 
the test accelerometer will be subjected to a maximum acceleration of 1 g 
(= 9.806 m/sec2 or 32.14 ft/sec2) at a frequency of 79.6 Hz. 

If the signal is to be measured on an RMS detecting instrument, since the 
motion of the mechanical system of the Calibrator is sinusoidal, the 
measured voltage output of the transducer must be multiplied by n in 
order to obtain the sensitivity in mV peak/gpeak. 

If the scale of the measuring instrument is calibrated directly in units of 
acceleration, velocity, or displacement, reference back to the preceeding 
theory gives the result that at 79.6 Hz: 

in terms of acceleration: 

1 g peak 9.806 m/sec2 peak 
6.94 m/sec2 R MS 

in terms of velocity at 79.6 Hz: 

1 g peak 

10 

19.6 mm/sec peak 
13.9 mm/sec RMS 

32.14 ft/sec2 peak 
22.7 ft/sec2 RMS 

0. 773 in/sec peak 
0.546 in/sec RMS 



in terms of displacement at 79.6 Hz: 

1 g peak 39.2 J.lm peak 
78.4 J.lm peak to peak 
27.7 J.lm RMS 

0.00154 in peak 
0.00308 in peak to peak 
0.00109 in RMS 
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3. BASIC OPERATION AND CALIBRATION AT 1 g PEAK 

3.1 GENERAL 

The Accelerometer Calibrator is designed to give the user as uncomplic
ated an instrument as possible. The main switches and load indicator are all 
on the front panel, and all external connections are grouped together on the 
back panel. The instrument can be mounted in a standard 19 inch rack with 
other instruments, bearing in mind the effects of the magnetic field around 
the shaker magnets (see section 6.7). It can also be mounted with its axis 
vertical by inserting the extra feet provided into the threaded holes on the 
backplate of the instrument. The extra feet are stored behind the right side 
plate (instrument viewed from the front). 
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Fig.3.2. Back view of the 4291. 

3. 1.1 Battery Operation 

The battery compartment is accessible by removing the top plate. 
(Fig.3.3). The positions for proper polarity are clearly marked. To check the 
batteries, switch the operating switch to the "Batt. Check" position and the 
power supply switch on the back panel to "Battery". If the batteries are 
good, the pointer on the load indicator will show in the green area. 

With the switch on the back plate in "Battery" position, and the operat
ing switch on "Internal Gen.", the Calibrator can operate on its own power 
supply. 

3.1.2 External Power Supply 

To operate on an external 28 volt DC supply, put the switch on the back 
plate into the "Ext. Power Supply" position. The 4291 can then be con
nected to an external supply, for instance the Bruel & Kjmr Type 2805, by 

13 



Fig.3.3. View of the 4291 with the top plate removed. 

means of the miniature coaxial cable Type AO 0037 to the "Ext. Power 
Supply 28 V" connection directly below the switch. 

3.1.3 Mounting the mass and mass correction 

It is recommended that the accelerometer be mounted directly to the 
table using the 10-32 N F stud. The greater the mass attached to the table, 
the greater will have to be the drive current to maintain the acceleration 
level of 1 g ~ To correct for changes in mass and to enable the operator to 
read the acceleration level directly, a mass adjustment scale is used for the 
load indicator. Using the ACC. LEVEL knob, the load level is adjusted so 
that the indicator points to the value of the mass. To the accelerometer 
mass must be added the mass of the mounting screw and the effective mass 
of the connecting cable, which for the standard 10-32 NF stud (as on the 
4291 table) is 2.5 grams. For the stud used with miniature accelerometers 
and an adaptor to the table thread, the extra mass is negligible. 
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Accelerometer Type Approximate Mass (grams) 

4332 30 
4333 13 
4334 30 
4335 13 
4336 2 
4338 60 
4339 16 
4340 35 
4343 16 
4344 2 

Table 3.1. Approximate Mass of 8 & K Accelerometers. 

3.2 CALIBRATION OF ACCELEROMETERS AT 1 g PEAK 

The simplest method of calibrating accelerometers with the 4291 is by 
using the internal generator. An example of a typical calibration set-up is 
shown in Fig.3.4 using the Type 2606 Measuring Amplifier to measure the 
signal from the accelerometer. The calibration procedure is as follows: 

1. Calibrate the Measuring Amplifier for "Preamp. Input" using the 
50 mV RMS reference voltage. See Amplifier manual. 

- -

Preamplifier 

2623/24 

Calibrator 

4291 

Measuring Amplifier 

2606 

Fig.3.4. Calibration of accelerometers at 1 g peak. 
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2. Switch the 4291 to "Internal Generator". The calibrator will now 
vibrate the specimen at 79.6 Hz. 

3. Adjust the ACC. LEVEL control until the indicator reads the correct 
mass for 1 g peak acceleration. 

4. Read off the voltage output indicated on the Amplifier. 

Since the 2606 reads out in RMS voltage and the acceleration is a peak 
value, the voltage obtained must be multiplied by J'£ If the 2603, 2604, or 
2607 were used instead of the 2606, with the METER SWITCH set to 
"Peak", the peak voltage could be measured directly, giving the accelero
meter sensitivity directly in mV /g. 
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4. DESCRIPTION 

Fig.4.1 shows a block diagram, incorporating all the basic components of 
the 4291, and the following is a brief description. 

DC- Converter 

6V I 30 V 

Potentio

meter 

Battery Check 

Voltage Stabilizer 

18V 

Fig.4.1. Block diagram of the 4291. 

Amplifier 
and 
Rectifier 

Load Indicator 

4.1 DC CONVERTER AND STABILIZER CIRCUIT 

In order to use the internal power supply, the battery voltage must be 
stepped up. Since battery voltage is dependent upon such things as discharge 
rate and temperature, and is liable to fluctuate, a stabilized 25 kHz con
verter, utilizing five transistors and a Zener diode, transforms it into the 
necessary 18 volt source. Variations in battery voltage can be fully com
pensated for with this arrangement, provided the .boundary values are not 
exceeded (see Chapter 7 SPECIFICATIONS). To some small extent the volt-
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age is temperature dependent, but in the given operating temperature range, 
the variation is insignificant. The condition of the batteries can be checked 
on the monitoring meter. 

The battery compartment is sealed off from the amplifier section, there
by insuring that no corrosive vapors or fluids can penetrate to the electronic 
or mechanical parts. 

4.2 WI EN BRIDGE OSCILLATOR 

This is a transistorized RC-oscillator consisting of two RC circuits and a 
two-stage phase inverter. A Negative Temperature Coefficient resistor is 
used to stabilize the amplitude. The oscillator operates at a fixed frequency 
of 79.6 ± 0.5 Hz. 

4.3 DRIVER AMPLIFIER 

The driver amplifier increases the signal amplitude from the oscillator 
and provides an impedance match between oscillator and driver coil. With 
the potentiometer, adjustable with the knob marked ACC. LEVEL, the 
desired peak value of the signal is controllable. 

4.4 METER AMPLIFIER 

The meter amplifier circuit consists of an integrated circuit amplifier, a 
rectifier and a balancing circuit. By using a balancing circuit it is possible to 
get a null point on the meter which corresponds to 100% output from the 
amplifier. The needle also returns to this point when the power is shut off. 
Fig.4.2 shows a typical relation of meter deflection to amplifier input. 

4.5 VIBRATION SYSTEM 

In Fig.4.3 is shown a cross-section of the vibration system. The vibration 
exciter consists of the mechanically coupled vibrating tables, each with a 
coil wound about it. The complete moving system weighs about 16 grams. 
This system is set in a permanent magnetic field, which due to differences in 
size and shape of the magnets, is stronger at one end than the other. The 
driver coil end is magnetized as much as possible, while the magnet around 
the velocity coil is artificially aged to make its field as stable as possible. 
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Meter Deflection 

+lo·t. - - -- --- - -- --- -- ------

10 20 30 

-1o•;. --- - - - - - - - - - - ---

50 

27022f5 

Meter Amplifier 
Input (mV) 

60 

Fig.4.2. Typical relation of meter deflection to amplifier input. 

A compensation coil, developed in the opposite sense to the velocity coil, 
offsets the detrimental induction from the driver coil through the velocity 
coil, thereby eliminating hum interference. The moving coils have a DC 
resistance of 70.Q. 

A virtually frictionless suspension within the magnet housing is provided 
by leaf springs, which allow a maximum amplitude of ± 1.5 mm. The 
magnet housing itself is suspended by leaf springs within the instrument 
casing. Flexible rubber discs protect the internal workings from dust and 
moisture. 
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Fig.4.3. Cross-section of the vibration system. 
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5. APPLICATIONS 

Where finer prec1s1on is desired, there are other calibration methods 
possible with the 4291 besides the simple 1 g peak method. The most useful 
of these are covered in this chapter. 

5.1 BACK-TO-BACK CALIBRATION 

For this method, a reference accelerometer Is necessary. Any undamaged 
B & K accelerometer would be acceptable as a reference and one could be 
set aside specifically for this purpose. 

Fig.5.1 shows the connection of the necessary instrumentation while 
Fig.5.2 shows the internal connection of the Type 4291. Essentially, the 
method consists of vibrating two accelerometers in the same vibration 
system and comparing the output of an unknown accelerometer to that of a 
known. 

Accelerometer with 
lesser Sensitivity 

Rear Panel 
2805 

Beat Frequency Oscillator 
1022/1017 

Voltage D ivider 

Fig.5.1. Practical set-up for back-to-back calibration. 

l70ZZ9 
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Input 1 
18 v 

+ 
Input 2D---O 

0 Input ~ 
Voltage Divider 

load Indicator Amplifier 

Output and Rectifier 2702..58 

Voltage Divider 

Fig.5.2. Internal connections of 4291 for back-to-back calibration. 

For this operation, the right-side plate (instrument viewed from in front) 
is removed and the two accelerometers mounted on the front and back 
vibration tables. If the sensitivity of the unknown is known approximately, 
the one with the greater sensitivity is connected to INPUT 1 on the back 
plate and the other to INPUT 2. Otherwise, the two must be connected at 
random and, if necessary, changed later. If additional instrumentation is to 
be used, such as a recorder, it is important that under no circumstances 
must a ground loop result, as this will cause measurement errors. For this 
reason it may be necessary to use isolated screws and mica washers to 
mount the accelerometers. 

5.1.1 Procedure 

22 

1. Switch the operating switch to "Input 2". 

2. Adjust the OUTPUT LEVEL of the Beat Frequency Oscillator so that 
the load indicator of the 4291 reads zero. 

3. Switch to "Input 1 ". 

4. Adjust the Voltage Divider so that the load indicator on the 4291 
again reads zero. 

5. Switch back and forth between "Input 1" and "Input 2" a few times 
to guarantee the best possible setting of the attenuator. 

6. The settings on the Voltage Divider indicate the ratio of the two 
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sensitivities. To get the sensitivity of the unknown accelerometer, this 
ratio is multiplied by the sensitivity of the known, i.e. Slower = 
K · Shigher where K is the reading of the attenuator dials on the 
Voltage Divider. 

5.1.2 Choice of Frequency 

In principle the calibration is not frequency dependent, but in practice 
the vibration table works better at certain frequencies. Below 40 Hz the 
displacement is quite large and the table may bump against the stop. If the 
frequency is chosen higher than 300 Hz, the elasticity of the connecting rod 
begins to be affected by heavy loading, which makes the acceleration not 
quite the same on both platforms. In the range 40-300 Hz, the vibration 
mechanism has a good, stiff, translatory movement, and the cross-motion is 
small (at 80Hz,< 1 0%). It is recommended to choose a calibration fre
quency in that range, but one must be careful not to choose the line fre
quency (50 Hz to 60Hz), to avoid errors from hum in the amplifier. 

5.1.3 Choice of Voltage Divider 

Selection of a Voltage Divider is determined by the highest value of the 
input impedance of the instrument amplifier and the lowest value of the 
output impedance of the accelerometer preamplifier. The input impedance 
of the meter circuit is about 0.5 MQ. At the higher impedance values of the 
attenuator there is the greatest error, and this also helps determine the 
selection. For example, if the maximum acceptable error from the voltage 
divider is 0.5%, then its impedance cannot exceed 10 kQ. If a 2623 pre
amplifier is used, which has an OUTPUT impedance of 40Q then the lowest 
allowable impedance for the attenuator is 1 ooon. 

5.2 BACK-TO-BACK CALIBRATION USING 
THE INSERT VOLTAGE METHOD 

The Insert Voltage Method is a method for determining the open circuit 
sensitivity of an accelerometer. The open circuit output voltage of the 
accelerometer is the voltage which appears at its terminals when it is work
ing at an effectively infinite impedance. In the Insert Voltage Method, the 
voltage which is normally supplied by the mechanical movement of the 
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accelerometer is supplied by a substitute voltage source. This method is 
especially useful where a multichannel instrument combination is in use or 
when vibration data is being fed to recorders or computer input. In a com
plicated measurement set-up it may not be convenient to remove the 
accelerometers. If they are calibrated by the Insert Voltage Method before
hand they can be rechecked in place when necessary. 

Accelerometer 

Insert Volt~ Adapter 
UA0l22 

~ Beat Frequency 
Oscilator 

Fig.5.3. Cross-section of Insert Adapter. 

For these measurements, a special Insert Voltage Adapter (B & K 
accessory number UA 0322) is needed, which fits between the accelero
meter and the vibration table, as shown in Fig.5.3. Figure 5.4 shows 
schematically the function of the adapter and Fig.5.5 shows the instrument 
set-up. The 4291 system is vibrated first with the insert voltage generator 
disconnected and the accelerometer supplying the voltage, and then the 
vibration is stopped and a substitute voltage supplied by the generator. The 
ratio of the two voltages is then multiplied by a reference sensitivity to get 
the sensitivity of the accelerometer. 
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The calibration is performed as follows: 

1. Put the switch in position 2. 

2. Adjust the output of the Oscillator in order to get the proper acceler
ation level for the type of accelerometer being tested (0.5 to 2 g) and 
favourable scale values on the 2606 and 2409. 



Insert Voltage Generator 

Pre
amplifier 

---~ 

----
2.702.3'1-

Fig.5.4. Schematic diagram of Adapter UA 0322 and related instruments. 

Ext. 
Voltage Supply 

2805 

Voltmeter 
2409 

Beat Frequency Oscillator 
1022/1017 

Measuring Amplifier 
2606 

Preamplifier 

2623/24/25 
Test Accelerometer 

Reference 
Accelerometer 

Fig.5.5. Set-up for back-to-back calibration with insert voltage. 
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3. Read off the level ea iri mV RMS from the Measuring Amplifier. 

4. Read off the level eb in mV RMS from the Voltmeter. 

5. Put the switch in position 1. 

6. Adjust the output on the Oscillator until the same voltage is obtained 
on the Voltmeter as in 4 above. Now, read off the output voltage 
from the scale on the Oscillator. This is the insert voltage ee. 

Since the sensitivity of the reference accelerometer is known, the open 
circuit sensitivity of the test accelerometer can be calculated: 

Ratio of accelerometer sensitivities: 

where 

Hence 

sensitivity of test accelerometer 
sensitivity of reference accelerometer 

and open circuit sensitivity STo is given by: 

where A is the attenuation introduced by the insert voltage adapter (for 
type UA 0322, A= 0.01 ). 

5.3 RECIPROCITY CALIBRATION 

This is an absolute calibration procedure and the accuracy obtainable is 
better than 1%. The reciprocity method of calibration is based upon the 
principle that reciprocal correspondence exists between input and output of 
transducers which are reversible, passive and linear. Piezoelectric accelero
meters such as the B & K accelerometers fulfil these requirements and are 
reciprocal. Two transducers are required for the calibration and the theory 
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is based on the reciprocal performance of one of them as both a mechanical 
to electrical transducer and an electrical to mechanical transducer. From 
two measurements, the product of the sensitivities and their ratio can be 
determined. Hence both sensitivities can be isolated, giving an absolute 
calibration of each. In a reciprocity calibration using the 4291 Accelero
meter Calibrator the Velocity Coil of the Calibrator is used as the transducer 
with reciprocal operation, while the unknown accelerometer is the second 
transducer. In the following, the full theory will not be developed, but the 
results quoted. 

5.3.1 Results of the Theory 

With the following symbols: 

Sa = accelerometer sensitivity 
Sv = velocity coil sensitivity (which is assumed equal as either 

a transmitter or a receiver by the reciprocity theorem) 
iv = current through the velocity coil 
ea = open circuit voltage of accelerometer output 
ev = open circuit voltage of velocity coil 

and the accelerometer mounted directly on the vibrating table of the 4291, 
the following two ratios are measured: 

_ (Ua j 
- e;-/o 

= basic transfer admittance (Amps/Volt) 

= voltage ratio 

Then with a known mass, m kg mounted on the table in addition to the 
accelerometer two other quantities are measured: 

transfer admittance with inserted mass 
(Amps/Volt) 

voltage ratio with inserted mass 

In the measurement of R0 and Rm, the Driver Coil of the Calibrator is 
used to generate the motion. In the measurement of Y 0 andY m, the Veloc
ity Coil of the Calibrator drives the system. The theory gives the result that 
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0~: 
m V · s2 

~) m 
Rm 

w 

or 

3912J m mV/g 

~) f (Ym 
Ro Rm 

under the conditions that the motion of the system has only one degree of 
freedom, that every part of the moving system has the same velocity, and 
that linearity exists between current, force, and velocity. 

5.3.2 Practical Measurements of Y 0 and Y m 

Employing the measurement equipment as in Fig.5.6, the Frequency 
Spectrometer Type 2113 is used as a selective measuring amplifier for the 
comparison of accelerometer voltage and the voltage across a standard 
resistor R ohms in the supply to the Velocity Coil. 

Beat Frequency Oscillator 

1022/1017 

28 

@o 

-i- I~J :_i : 4291 

r !@\ :'-+~ ---.---v'IJIIII'--..-t---' . ~ ~ '-------' 

;:i!l'!-~~!_. 

Voltage Divider 

Accelerometer 

Frequency Spectrometer 

2113 

Fig.5.6. Connection for measurement of Y0 and Y m· 270235 .. 
If we put 

e1 = Voltage measured on "Direct" Input of the Spectrometer 
e2 = Voltage measured on "Preamp" Input of the Spectrometer 



then e1 = ea 

If the setting of the Voltage Divider is varied until e1 = e2 

then ea = Ov R a) 

or iv 1 / Y = -= -- Amps Volt 
ea Ra 

If the measurement is made with and without the insert mass m, both Y 0 

and Y m can be determined. 

5.3.3 Practical Measurement of R0 and Rm 

For this measurement, the set-up shown in Fig.5.7 is suggested. If we put 
again: 

e1 = Voltage measured at "Direct" Input of the Spectrometer 
e2 = Voltage measured at "Preamp" Input of the Spectrometer 

Beat Frequency Oscillator 
1022/1017 

Velocity Coil 
Preamplifier Voltage Divider 

Frequency 

Counter -

" - b.;CJ 
_,./;.;..·_·----~c~:=ter 

ev -
4291 

Driver Coil 

Frequency Spectrometer 
2113 

Fig.5.7. Connection for measurement of R 0 and R m· 

2.702.37 
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then e, = e8 a 

If the setting of the Voltage Divider is varied until e1 = e2 

and R =~=-1-
ev a 

If the measurement is made with and without the insert mass m, both R0 

and Rm can be determined. 

If the accelerometer sensitivity Sa is relatively low, the velocity coil 
output could be larger than the accelerometer signal. In such a case it will be 
necessary to place the Voltage Divider in the connection to the Velocity 
Coil, with appropriate modification to the theory. 

5.3.4 Suggestions for obtaining optimum accuracy 

Frequency of Measurements 

Experience indicates that the optimum frequency range is 100 to 
1000Hz. Values obtained in sections 5.3.2 and 5.3.3 will give the modulus 
of the four quantities and we must make the assumption that the phase 
angles of Y m/R 0 and Y 0 /Rm are the same. This condition is fulfilled well in 
practice for frequencies in the range 100 Hz to 1000 Hz. For frequencies 
above 1000 Hz, the influence of the first axial resonance can no longer be 
neglected. 

Insertion Mass 

The insertion mass should be in the range 1 to 4 times the combined 
mass of the accelerometer and the moving element. The mass should be 
carefully machined to have a good surface finish and parallel mounting 
faces. 

Accelerometer Mounting 

In order to avoid ground loops it may be necessary to mount the 
accelerometer on an isolated stud with a mica washer. If the hum of the 
measuring system is reduced considerably bv changing to an isolated mount-
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ing then it is clear that a ground loop existed and the isolated mounting 
should be preferred. 

Acceleration Level of the Calibration 

It is important that the Accelerometer Calibrator is not overdriven. The 
lowest possible level should be used consistent with a 60 dB signal to noise 
ratio when third octave filtering is made. 

Correction for Preamplifier and Voltage Divider 

It may be necessary to correct for the loading effect and the gain error of 
both the preamplifier and the Voltage Divider. Corrections must be on the 
basis of the instruments employed, but if the B. & K Type 2623 is used 
together with a high quality Voltage Divider (i.e. inaccuracy of order 0.1%) 
the total error is only of order 1% with the connections of Fig.5.7. 
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6. CHARACTERISTICS 

6.1 FREQUENCY CHARACTERISTICS 

Figures 6.1 and 6.2 show the typical frequency curves of acceleration of 
the front and back platforms. The number 1 indicates the suspension reson
ance, 2 and 3 show the first and second major resonance. Fig.6.3 shows an 
equivalent circuit diagram of the mechanical system. 
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Fig.6.1. Acceleration vs. frequency for constant drive voltage -front plat
form. 

The symbols: 

ia current in the drive coil. 
Fa force supplied by the drive coil. 
V 1 velocity of the back platform. 
v2 velocity of the front platform. 
M1 mass of the back platform and accelerometer. 
M2 mass of the front platform and accelerometer. 
Kt spring constant of the suspension springs. 
KT spring constant of the connecting rod. 
Rm spring damping. 
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Fig.6.2. Acceleration vs. frequency for constant drive voltage- rear plat
form. 

With reference to the figures, resonance 1 occurs between (M1 + M2) 
and Kt, resonance 2 occurs between M2 and KT and resonance 3 occurs 
between KT and (M1 + M2). 

1 

Kf 

1 

Kr 

Fig.6.3. Equivalent circuit diagram of the mechanical system of the 4291. 

6.2 COUPLING RESONANCE 

If there is a completely rigid mechanical coupling between the base of an 
accelerometer and the surface of a vibration table, then the two carry out 
exactly the same movement. If, on the other hand, there is any flexibility in 
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the connection, a secondary vibration system is formed which produces the 
so-called coupling resonance. If the frequency of this coupling resonance lies 
below the resonance frequency of the accelerometer the useful frequency 
range will be limited. The magnitude of this effect depends critically upon 
the chosen method for fastening the accelerometer. 

6.3 TEMPERATURE INFLUENCE 

The strength of the vibration system's springs is influenced by temper
ature, because of which a certain amount of error can appear in the calibrat
ion results, Fig.6.4 shows the percentage error incurred with changes in 
temperature. 
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Fig.6.4. Effect of temperature upon accuracy. %error vs. oc. 
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6.4 BATTERY VOLTAGE SUPPLY 

For battery drive, 4 x 1.5 V dry cells are used. Nickel-Cadmium batteries 
can be used but there is no provision in the instrument for re-charging. It is 
essential when using the battery supply to check the batteries occasionally. 
The length of time that the instrument can operate continuously on 
batteries is dependent upon the condition of the batteries, the load and the 
loading rate. 

6.5 TRANSVERSE MOTION 

The vibration system has a basically axial movement with horizontal and 
vertical symmetry. Some transverse motion is possible, but this is frequency 
dependent and a proper choice of frequencies helps limit the problem. The 
best choice lies between 80 Hz and 120 Hz, where the transverse motion is 
less than 10% of the axial. 

In any case, the influence of transverse motion on calibration accuracy is 
small, since the accelerometer itself does not have much transverse sensitiv
ity. For example, if the transverse motion is 7% and the transverse sensitiv
ity of the accelerometer is 3%, the error is only about 0.2%. 

6.6 GROUND LOOPS 

Since the outer conductor of the accelerometer cable serves as a shield 
and a return conductor, the outer current gives rise to a voltage drop in the 
shield that superimposes itself as an interference upon the effective signal. 
Such an outer ·current can arise if the shield is part of a closed loop includ
ing the ground. The alternating magnetic field at the mains frequency is 
present almost everywhere, and will, in a ground loop, produce a hum. 
Therefore, when measuring weak signals the complete measuring set up 
should be grounded at one point only. 

6.7 MAGNETIC INFLUENCE 

Fig.6.5 shows the variatio.n with distance of the magnetic field induced 
by the permanent magnet in the 4291. Since the curve flattens out at about 
100 mm, it is generally good practice to keep coil instruments at least 
100 mm distant from the 4291. If, for example, the 4291 were being used 
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in conjunction with the 2805 Power Supply, 2625 Preamplifier and 2510 
Vibration Meter, they could all be placed in the same rack, provided the 
4291 and 2510 were at opposite ends. 
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Fig.6.5. Variation of the strength of the magnetic field around the 4291 
with distance. 
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7. SPECIFICATIONS 

Accuracy: Better than 2%. 

Distortion: Less than 1%, at temperatures above 1 ooc. 

Frequency (Internal Generator): 79.6 Hz± 0.5 Hz (i.e. w = 500). 

Internal Generator: 

Maximum Load Mass: 

Acceleration 1 g peak. 
Velocity 19.6 mm/sec peak. 
Displacement 78.4 JJ,m peak-to-peak. 

65 gram. 

Moving Mass of Shaker System: 16 gram. 

External Generator Range: 

Max. Input Power: 

Max. Stroke: 

Temperature Range: 

Transverse Motion: 

Hum Sensitivity: 

External Power Supply: 

Batteries (Internal): 

Battery Lifetime: 

Connection for Transducers: 

50-2000Hz. 

5 VA continuously. 

± 1.5 mm. 

-50 to + 550C. 

< 10% of main axis acceleration at fre
quency of internal generator. 

Negligible below 100 A/m. 

28 V DC (min. 22 V), (40 mA). 

4 x 1.5 V dry cells, IEC Type R 20 (IEC 
Publication 86-2). 

10 hours intermittent. 

10-32 NF. 
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Dimensions: 

Weight: 

Accessories included: 

38 

Width 123 mm (4.84 in). 
Height 130 mm (5.12 in). 
Depth 200 mm (7.87 in). 

2.7 kg (5.95 lb). 

4 Batteries, 1.5 V, IEC R20. 
1 threaded steel stud, 10-32 N F, order 
code nr. YO 2960. 
4 extra feet. 
1 Vibration formula chart. 









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 
Megohm meters 

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

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

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




