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1. INTRODUCTION 

The Force Transducer Type 8200 is an electromechanical transducer 
which, by means of a quartz piezoelectric element, converts a mechanical 
force into an electrical signal. This signal is converted by a charge amplifier 
into an electrical voltage which may be measured and analysed by various 
means. 

The 8200 is designed to measure dynamic forces (max. 3000 Newton 
peak depending on static load) in machinery and other constructions. With 
appropriate preamplifiers, short duration measurements of static forces are 
possible (max. 5000 N compression and 1000 N tension). Used with vibra
tion exciters it can be used to measure and to control the applied force and 
in connection with an accelerometer it can be used for measurement of 
mechanical impedance. 

The 8200 has a rugged, all welded, hermetically sealed construction with 
ceramic insulation connection sealed with glass. This allows the transducer 
to be used under very severe environmental conditions. 
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2. DESCRIPTION 

2.1. CONSTRUCTION 

The construction of the Force Transducer Type 8200 is shown in 
Fig.2. 1. The transducing element consists of two piezoelectric quartz (MT 
1 00) discs with a conductor sandwiched between them and leading to an 
output socket in the housing. During manufacture the quartz discs are pre
loaded by means of the centre screw and a thin plate is plasma welded 
between the top and the housing in order to seal the complete unit. 

Measuring Surface 

Centre Screw 

Output Socket/i 
Piezoelectric Discs 

10-32 NF Tapped Hole Mounting Surface 

Fig.2. 1. Sectional drawing of the Force Transducer 

When a force is applied to the Force Transducer it will be transmitted 
through the top to the quartz discs and a charge directly proportional to the 
force will be generated across the discs. 
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2.2. FACTORY CALIBRATION 

Each individual Force Transducer is calibrated before it leaves the 
factory and a calibration chart is included with the instrument (see Fig.2.2). 
Since the piezoelectric discs are artificially aged during manufacture, they 
are extremely stable, and under normal use the transducer should not need 
to be re-calibrated. However, if the transducers were subjected to intense 
heat or shock it would be advisable to re-calibrate. 
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Fig.2.2. Typical calibration chart supplied with the Force Transducer Type 
8200 

2.3. CHARACTERISTICS 

2.3. 1. Sensitivity 

The sensitivity of the Force Transducer is defined as the ratio of the 
electrical output to the force input. This is usually quoted in pico 
Colulombs/Newton. (pC/N). 

In the calibration chart two sensitivities are quoted a) Reference Sensi
tivity b) Static Sensitivity. 

a) Reference Sensitivity (ANSI S 1. 11-1969) is measured at 50 Hz and 
with negligible static load. It should be used in all set-ups where 
dynamic force is being measured. 

Part of the arrangement for obtaining the reference sensitivity is shown 
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in Fig.2.3. The acceleration is controlled to be 10 g and the output voltage 
of the Force Transducer is measured with and without the load (of 102.1 
grams) attached. 

Load 

102.1 gr. 

Exciter 

27i.Of3 

Fig.2.3. Set-up for Reference Sensitivity calibration 

The reference sensitivity is given b~ ~ I Since F = M.a 

F1 = (M + m)a (when M = load mass and 
m = top mass of 8200) 

then Ma 

In the set-up M and a are chosen so that 6. F equals 1 Newton and the 
reference sensitivity is thus given by 6. V directly. 

It has been found in practice that the reference sensitivity is correct with
in ± 2% for all dynamic measurements with any allowable preload on the 
transducer. 
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b) Static Sensitivity is obtained by measuring the sensitivity for discrete 
static forces over the whole range of the Force Transducer and 
calculating the average sensitivity, see Fig.2.4. 
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Fig.2.4. Curve showing how the average Static Sensitivity is obtained (scale 
of errors 10:1) 

As shown in the figure the linearity is controlled to be~± 1% (of full 
scale output) FSO. The actual value for the individual Force Transducer is 
given in the calibration chart. In practice it has been found that for a partial 
measuring range the error will not exceed ± 2%. 

2.3.2. Frequency Response 

The frequency response of the Force Transducer will be dependent on 
the type of loading and whether the exciter force or the transmitted force is 
being measured. 

In the set-up shown in Fig.2.5(a) where the transmitted force is being 
measured the frequency response will be linear up to 20.000 Hz as long as 
the impedance of the load is greater than 10 times the impedance of the 
seismic mass (3 grams) of the top of the Force Transducer. The impedance 
of loads normally associated with this type of Force Transducer will usually 
be much greater than this and in such cases no problems will arise. If the 
force into very low impedance loads is being measured it is advisable to use 
the Impedance Heads Type 8000 or 8001 with mass compensation if 
necessary. 
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Top 

Base 

(a) Exciter Transmitted force 

(b) Exciter Exciter force 

272079 

Fig.2.5. Set-up for measuring a) Transmitted Force b) Exciter Force 

In the set-up shown in Fig.2.5(b) where the exciter force is being 
measured the frequency response will be linear up to 20.000 Hz as long as 
the force is being transmitted into a stiff mounting surface. 

The two different set-ups can be analysed by electrical analogy as 
follows. 

jwM jwm 

Fig.2.6. Model and Impedance diagram for transmitted force measurement 
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The model and impedance diagram of the set-up in F ig.2.5(a) is given in 
Fig.2.6. Consider the ratio F 0 /F 1 between the measured and transmitted 
force. 

From the impedance diagram it can be seen that 

where m top mass 
z Impedance of the load (including mounting stiffness). 

Normally jwm ~Z therefore no frequency correction will be necessary. 
The minimum load impedance for< 1 dB error is given in Fig.2.7. 
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Fig.2. 7. Curve for obtaining minimum load impedance for 1 dB error 

In the special case where Z approximates to an ideal mass, Z = jwM, we 
have 

( 1) 

Thus there will be a frequency independent correction which will be small 
forM >m (m = 3 grams). 
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Note in both cases discussed above it is assumed that m is equal to the 
seismic mass above the piezoelectric discs. If any form of solid coupling is 
used between the Force Transducer and the load this must also be allowed 
for. 

The lower curve given on the calibration chart (Fig.2.2) corresponds to 
equation ( 1). By maintaining the acceleration of the load mass constant the 
force being applied (F 1 in Fig.2.6) must be constant, since F = Ma. The 
drop in signal at high frequencies (above 20 kHz) is due to the finite stiff-

ness of mounting, corresponding to Z -+~ where Km is the mounting 
stiffness. JW 

The impedance diagram of the set-up in Fig.2.5(b) is given in Fig.2.8. 
Consider the ratio F 0 /Fi between the measured force and exciter force. 
When Z ~ K/jw, then from the impedance diagram it can be seen that 

w2 
Fa/Fi = 1/ (1- K/m) 

where K transducer stiffness and m = lid mass. 

12 

,---------------, 
k I 1 

For Z }> jw this loop can be dropped--... 1 i 
I I 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I L ___________ _j 

Zt..to:JZ 

Fig.2.8. Model and Impedance diagram for Exciter force measurement 

Thus for stiff mounting structures the resonant frequency fr is given by 

t, = 21rr J ~ 
This can be measured using an equivalent set-up as shown in Fig.2.9. 
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Fig.2.9. Actual and equivalent set-up for determining the resonance 
frequency 

In both the set-ups 

f, = 2 ~ j ~ 
Thus by keeping the acceleration of the base constant and measuring the 

force output with the Force Transducer unloaded, the frequency plot for 
F 0 /Fi will be obtained (this can also be verified by considering that an 
"Einstein force" is attacking the mass m). Actual measurements using this 
set-up show resonant frequencies of 50- 60kHz. In the calibration chart 
the upper frequency response curve is measured in the same way except that 
a 5 gram load is attached to the top in order to bring the resonant peak 
below 50 kHz, the max. range of the set-up. The 5 gram load lowers the 
resonance frequency since 

1~ 
=2nv~ 

2.3.3. Low Frequency and Static Measurement 

The low frequency and static measurement capabilities of the Force 
Transducer are essentially determined by the charge preamplifiers used. A 
suitable preamplifier is the Low Frequency Charge Amplifier Type 2628, 
shown in Fig.2.10. 

For static measurements the "Long Time Constant" position is selected. 
The preamplifier circuit is then basically as shown in Fig.2.11. 
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Fig.2.10. Low Frequency Charge Preamplifier Type 2628 
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Fig.2.11. 
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Z1166Z 
Basic circuit diagram of 2628 and the Force Transducer 



The factors affecting static measurement are 

1. The input RC time constant given by 

As long as there is no reduction in R1 due to dirt or moisture on the 
connectors, ti > 107 sec which is insignificant. 

2. The RC time constant due to the feedback capacitor and insulation 
resistance (~ 1 o14 .Q) between the input and output. This will give a 
time constant of 10 ksec to 10.000 ksec, depending on the feedback 
capacitor determined by the gain setting. 

3. The drift caused by the transistor leakage current ( 1 x 1 o- 13 Amp.) 
and the current through R1 due to the offset voltage(< 10 mV) at 
the input. These currents will charge the feedback capacitor and cause 
an output drift, independent of signal magnitude, equivalent to < 2 
Newtons/min (0.03% FSO/min). 

Thus when making static measurements the rate at which the output will 
drift is determined by 2) and 3) above. It works out that the minimum drift 
is determined by 3) i.e. 2 Newtons/min (0.03% FSO/min) if gain settings for 
appropriate static force ranges given in Table 2.1 are used. 

Gain Setting Force Newtons 
Volt/unit out 

0.0001 0-6000 
0.001 0-2600 
0.01 0- 260 
0.1 0- 26 
1 0- 10 

Table 2.1. Appropriate gain settings for static force measurements for <2 
Newton/min drift (LOW FREQUENCY knob set to "Long Time 
Constant") 

For low frequency dynamic measurements "Med." time constant is 
selected this switches in a resistor of 1011 n parallel to the feedback 
capacitor. The time constant is thereby decreased considerably so that the 
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amplifier has a tendency to run towards the output signal zero voltage. This 
effect is larger than the drift due to 3) above and so the working point 
remains stable, and as long as the frequency measured is higher than the 
lower limiting frequency determined by the RC time constant, the correct 
results will be obtained. The lower limiting frequency for the different gain 
settings are given in Table 2.2. 

Gain Setting LLF Hz 
Volt/unit out ("Med" time constant) 

0.0001 0.00002 
0.001 0.0002 
0.01 0.002 
0.1 0.02 
1 0.2 

Table 2.2. Lower limiting frequencies for different gain settings (LOW 
FREQUENCY knob set to "Med. ") 

In the other two positions of the LOWER FREQUENCY LIMIT selector 
the lower limiting frequencies are 0.3 Hz and 3 Hz respectively independent 
of the gain setting. 

2.3.4. Measuring Range 

The maximum allowable loads in tension and compression are 1000 N 
(2251bf) and 5000 N (1, 125 lbf). This is the total load, static plus dynamic, 
over which the Force Transducer output remains linear. 

The lower limit of force measurable will be determined by the noise level 
in the system. For good resolution the signal should be at least 2- 3 times 
larger than the noise level. The lowest measurable level using a 2626 
Preamplifier is approximately 6 x 10-4 N. This may be obtained when 
using the standard length of cable 1.2 m, longer lengths will induce more 
noise. 

2.3.5. Temperature Sensitivity 

Changes in charge sensitivity of the Force Transducer with temperatures 
between 20 and 250°C are given in the calibration chart with reference to 
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the Reference Sensitivity given at room temperatures. These are individual 
values obtained while heating the Force Transducer to the appropriate 
temperatures, reaching a steady temperature before measurement is taken. 
The information is given in curve form so that interpolation can be readily 
performed. The Force Transducer should not be used above 250°C as 
permanent changes in sensitivity will result. 

A typical curve of change in charge sensitivity for temperatures between 
-200 and 20°C is given in Fig.2.12. 

% 
10 

5 

0 

-5 

-10 
-200 -150 -100 

Temperature 

-50 0 

Fig.2. 12. Typical change in sensitivity with low temperature 

If low temperature calibration of a particular Force Transducer is 
required this can be arranged by special order. 

Fluctuation in temperature will produce an output from the Force 
Transducer. This is quoted as the Temperature Transient Response and is 
0.5 N/oc for the Force Transducer. 
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3. OPERATION 

This chapter covers the steps to be taken when initially setting up a 
system, which are 

1) Mounting, 2) Preamplifier selection, 3) Connecting Cable, 4) Calibra
tion, 5) Precautions. 

Numerous choices exist for the associated measurement analysis and 
recording equi pment depending on individual system requirements, and full 
operating instructions are given in the respective manuals. 

3.1. MOUNTING 

The Force T ransducer Type 8200 is designed to measure dynamic and 
static forces along the transducer's longitudinal axis. Transverse forces, 
bending moments and torsion stresses can be tolerated to some extend, but 
they may introduce errors and should thus be avoided where possible. The 
maximum allowable values for these forces as well as the transducer's 
sensitivity to them are given in the specifications, chapter 8. 

The Force Transducer should always be mounted such that the top 
surface (with the 10- 32 NF stud protruding from it) faces the surface at 
which the force is being measured. If the Force Transducer is mounted the 
other way around then the:-e is an 18 gm instead of a 3 gm mass between 
the piezoelectrical discs and the measuring surface, and this will increase the 
error when measu ring into low impedance structures. 

Several ways of mounting the Force Transducer are shown in F ig.3.1. 

Type 1 mounting util izes a threaded hole drilled perpendicular to a 
carefully machined surface. A small amount of oil or grease between the 
surfaces will improve the contact. A mounting torque of 1. 7 Nm ( 18 kg em, 
15 lb, in) is recommended (use a 10 em (4") spanner and normal pressure). 
The stud may "bottom" if the hole is too short. This must be avoided as it 
will introduce incorrect measurements. 
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(1) (2) 

Spherical nuts 

(5) 

(3) (4) 
27206?' 

Fig.3. 1. Different ways of mounting the Force Transducer 

Type 2 mounting is useful in some cases. Due to the high stiffness and 
the low weight (2 grams) of the beryllium nut DB 1374 it will not introduce 
any errors into the measurement under normal conditions. But when 
measurements are made with low impedance objects the added mass must 
be taken into account (see section 2.3.2). 

Type 3 mounting is the usual method employed for mounting the base of 
the Force Transducer. The same precautions as in Type 1 mounting apply. 

Type 4 is convenient when electrical isolation between the Force 
Transducer and mounting surface is necessary to avoid ground loops and 
other unwanted signals paths. It employs the isolating stud YS 0420 and a 
thi n mica washer YO 0534. The same mounting torque and precautions as 
in Type 1 mounting apply. Note that tension force in this case should be 
kept below 500 N due to the limited strength of the isolating stud. 

Type 5 mounting utilizes spherical nuts DB 1375 and 1376 and is used to 
avoid bending moments due to a non-parallel surface being transmitted to 
the Force Transducer. Small degrees of misalignment will be taken up even 
if a solid stud is used through the spherical nuts. It is possible to use the 
nuts without a stud passing right through but then the compressive load 
must be greater than the maximum force measured, otherwise separation 
will occur. 
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3.2. PREAMPLIFIER SELECTION 

When making a measurement with the Force Transducer it is necessary to 
incorporate a preamplifier between the Force Transducer and the measuring 
instrumentation. The preamplifier is introduced in the measuring circuit for 
two reasons: to transform the high impedance of the Force Transducer into 
a low value, and, when necessary, to amplify the relatively weak output 
signal from the Force Transducer. 

As the internal capacitance of the Force Transducer is relatively low 
(nominal 25 pF) it is necessary to use a charge preamplifier. If a voltage 
preamplifier is used, the sensitivity of the Force Transducer will be seriously 
dependent on cable capacitance and the low frequency lim it will be 
relatively high. 

~------~~-----.------~----_.~A>---~----~ 

jw O 

C; 

2 7165. 

Fig.3.2. Equivalent circuit diagram for Force Transducer, cable and charge 
amplifier 

Basically a charge preamplifier consists of a high gain operational 
amplifier with a feedback capacitor. An equivalent circuit diagram for Force 
Transducer, cable and charge preamplifier is given in Fig.3.2. Cf is the 
feedback capacitor. It is found that the output voltage is 

E 
OA 

ct + cL + ci - ct (A - 1) 

Since the open loop gain of the amplifier, A, is made very large, then 
usually 
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so the output becomes 

QA -0 
~c;--Ct (A- 1) 

Hence if Cf remains constant, the output is directly proportional to the 
charge appearing across the Force Transducer, and the cable capacitance, 
CL, normally has a negligible effect. Only for very long cables where CL 
becomes of the same order as ACt will it affect the gain ( 1000 m cable will 
normally give less than 1% error, but the noise level will increase). When 
using charge amplifiers, the Force Transducer low frequency response is 
determined only by the low frequency response of the amplifier. RC time 
constant considerations do not apply. 

TYPE 

2624 

~ ••• 
~~~ 
~ 

2626 

SPECIAL FEATURES 

1) Fixed amplification with two lower limiting frequen
cies per setting 

10 mV/pC LLF 30 Hz or 0.3 Hz 
1 mV/pC LLF 3 Hz or 0.03 Hz 
0.1 mV/pC LLF 0.3 Hz or 0.003 Hz 

2) Requires 28 V DC power supply 

1) A 3 digit sensitivity adjustment network which 
enables the amplifier sensitivity to be conditioned to 
the particular Force Transducer, making calibration 
and measurement very simple 

2) Selectable high gain up to 60 dB 
3) Stepwise adjustable high pass (0.3-1 00 Hz) and low 

pass (0.3-30 kHz) 
4) Direct or Transformer output 
5) Mains operation 

1) As in 1 ) and 2) for 2626 
2) Four selectable lower limiting frequencies. LOW 

(Time constant 1 ksec to 100 ksec depending on gain 
setting), MEDIUM (Time constant 1 sec to 100ksec), 
0.3 Hz and 3 Hz 

3) Upper limiting frequency selectable 0.1, 0.3, 1, 3, 
10, 30, 100kHz 

4) Mains operation 

Table 3.1. 
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B & K charge preamplifiers together with some of their special features 
are shown in Table 3.1. For further information refer to the individual 
instruction manuals. 

3.3. CONNECTING CABLE 

The PVC insulated cable AO 0037 supplied with the Force Transducer 
will operate up to 100°C. For temperatures up to 260°C, teflon insulated 
cable AO 0038 is also available from B & K. Both cables are also available in 
lengths up to 180m and have stock numbers AC 0010 and AC 0005 
respectively. 

In very moist environments and in liquids it is necessary to seal the cable 
entry with a suitable sealant such as Dow Corning Silastic RTV 731 or 
equivalent as shown in Fig.3.3. 

Sealant 

;wr~mm 
:272 078 

Fig.3.3. Sealing of the cable entry 

To avoid mechanically induced cable noise when making low level force 
measurements it may be necessary to clamp the cable to the structure as 
shown in Fig.3.4. 
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The cable should leave the specimen 
at the point of lowest vibration 

~ 

Wax, tape, epoxy or other type of clamping 

Fig.3.4. Clamping the cable 



.. 

3.4. CALIBRATION 

Calibration of the set-up is performed by using the calibrated sensitivities 
stated on the Calibration Chart. For dynamic measurements use the 
"Reference Sensitivity" and for static measurements use the "Static 
Sensitivity". 

When using the 2624 Preamplifier the overall sensitivity is obtained from 

Overall Sensitivity mV/N =Cal. Sensitivity (pC/N) x Preamp. Gain (mV/pC) 

When using the 2626 or 2628 Preamplifiers the overall sensitivity in 
Volt/N of the set-up is obtained directly from the setting on the central 
"Volt/unit" knob, when the sensitivity of the Force Transducer is selected 
on the 3 digit sensitivity adjustment network. 

The calibration data should remain stable for years if the Force 
Transducer is handled properly. A periodical check can be made to certify 
that the Force Transducer has not been damaged in use. The calibration can 
be performed by subjecting the Force Transducer to a known acceleration 
level with two known weights attached. 

Since 

F M x a 

F1 M1 x a 

F2 M2 x a 

then ~F ~M x a 

The sensitivity of the set-up is then 

~V(mV) s = 
~F (N) 

mV/N 

The sensitivity of the Force Transducer in pC/N can then be obtained by 
taking the gain through the preamp I ifier into consideration. 

The B & K Calibrator Type 4291 can be used for this calibration. The 
set-up is shown in Fig.3.5. 
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Force Transducer 

Accelerometer 

Calibrator 4291 
Preamp I ifier Measuring Amplifier 

Z 71657-

Fig.3.5. Calibration of the Force Transducer 

The procedure is as follows: 

1. Calibrate the Measuring Amplifier using the 50 mV RMS reference 
voltage. 

2. Mount the Force Transducer + load on the table. 

3. Switch the 4291 to "Internal Generator". The calibrator will now 
vibrate the specimen at 79.6 Hz. 

4. Adjust the "Ace. Level" control until the indicator reads the correct 
mass of the Force Transducer (24 grams) + load. The specimen will 
now vibrate at 1 g peak acceleration. 

5. Read the voltage indicated on the Measuring Amplifier. 

6. Repeat steps 2 - 4 but with a different load attached to the Force 
Transducer. 

The sensitivity of the set-up is then 

s 6. V (mV) V/N 
6.F (N) m 

s 6. V (mV) mV/N 
6.M (kg) 9.81 m/sec 

If loads with a difference of 10.2 grams are used the force difference will 
be 0.1 Newton and the difference in peak mV need only be multiplied by 
10to obtain the sensitivity in mV/N. 

If RMS voltages are measured multiply 6. V by J2 to obtain peak. 
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The sensitivity of the Force Transducer in pC/N when using the 2624 
Preamplifier can be obtained from 

SForce Transducer 
S (mV/N) 

Gain Setting (mV/pC) pC/N 

and when using the 2626 or 2628 Preamplifiers 

S (mV/N) x Dialed in Sensitivity (pC/unit) 
SForce Transducer = Gain Setting (mV/unit) pC/N 

3.5. PRECAUTIONS 

3.5.1. Loading 

The maximum permissible load static plus dynamic to which the Force 
Transducer can be subjected is 5000 N compression and 1000 N tension. 

For example if the static preload on the Force Transducer is 1000 N 
compression, the maximum forces that can be measured are dynamic 
2000 N peak and static 2000 N tension 4000 N compression. 

3.5.2. Sensitivity 

If the Force Transducer is operating at elevated temperatures the new 
sensitivity can be calculated from the curve on the calibration chart. 

For example if the temperature is 250°C. From the calibration chart 
Fig.2.2 we get that the sensitivity error is -0.3 dB. This gives a ratio of 
0.9661 which means the new sensitivity is 

ST Sr (0.9661) 
3.63 (0.9661) 
3.51 pC/N 

For low temperature operation an approximate correction can be 
obtained from Fig.2.12. 
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3.5.3. Temperature shocks 

Large temperature shocks (> 10°C/min) should be avoided as they may 
cause permanent changes in the Force Transducer characteristics. 

3.5.4. Static and Low Frequency Measurement 

When using the Force Transducer for static and low frequency force 
measurement do not touch the output socket with bare fingers and the 
utmost care must be taken to ensure that no dirt or moisture gets onto any 
of the connectors. If this happens it will reduce considerably the leakage 
resistance and therefore the time constant. Should any of the connectors 
become soiled, they may be carefully cleaned with Freon TF cleaning fluid 
and a clean paper tissue. 
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4. APPLICATIONS . 

The following are a few suggestions for instrument combinations which 
may be used in some common Force Transducer 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 response, dynamic range, operating environment, accuracy, read 
out device etc. It is hoped that the following sections 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. 

Vibration Exciter Control 
1026 

~~~ 
.~iii. ,;--~···· ~:-·:~ 

j@j i .j=: -·· c ----
'~,~-!r! 

i ~ ii @ i 
i . • . 

Power Amplifier 
2708 

Conditioning 
Amplifier 

2626 

Mode Study 
Head 
4819 

Exciter 
Body 
4802 

Mains Voltage 
via Power 
Amplifier 

Push rod 

Force 
Transducer 
8200 

Fig.4. 1. Set-up for structural force controlled vibration testing 
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4.1. FORCE CONTROLLED TESTING 

Structural testing can be performed using the set-up shown in Fig.4.1. 

The signal from the Force Transducer is fed via the Conditioning 
Amplifier Type 2626 to the compressor circuit of the Exciter Control 
Type 1026. In this way the force applied to the specimen can be held 
constant throughout a frequency sweep regardless of table and specimen 
resonances, provided suitable compression speeds and sweep speeds are 
selected. 

8 & K have a range of Vibration Exciter systems with rated outputs from 
7 Newton to 6670 Newton. The system shown in Fig.4. 1 is rated at 380 
Newton and has a frequency range of 2- 10kHz. 
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4.2. DYNAMIC FORCE MEASUREMENT AND ANALYSIS 

A few suggested instrument set-ups for force measurement and analysis 
are shown in Fig.4.2. 

4.3. STATIC AND LOW FREQUENCY DYNAMIC FORCE 
MEASUREMENTS 

If the Force Transducer is used with the Low Frequency Charge 
Amplifier Type 2628 it is possible to measure short term static forces 
(typical decay time 0.03% FSO/min) and low frequency dynamic forces 
(minimum 0.0002 Hz). A suggested instrument set-up for these measure
ments is shown in Fig.4.3. 

Force Transducer 
8200 

Preamplifier 

2628 
Level Recorder 

2305 

Fig.4.3. Set-up for DC measurement of Force Transducer signal 

4.4. MECHANICAL IMPEDANCE AND MOBILITY 

A basic introduction to the theory of mechanical impedance is given in 
section 7. The principle of mechanical impedance measurement is shown in 
Fig.4.4. 

The shaker excites the specimen through the Force Transducer. The 
integrated signal from the accelerometer is fed to the compressor of the sine 
generator so that feedback regulation is established. The sine generator will 
now regulate the output of the shaker in such a way that the velocity at the 
point of measurement is held constant. The force signal is fed to a recording 
instrument, and as the velocity of the test object is kept constant, the 
recorded force signal will be directly proportional to the numerical value of 
the mechanical impedance. 

IFI IZM I = ~ IV I constant 
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Force 
Transducer 

Mechanical 
Object 

Accelerometer Compressor 
Input 

Recording 
Instrument 

Sine 
Generator 

27167? 

Fig.4.4. Basic arrangement for Mechanical Impedance measurement 

The phase difference between the force and velocity signals can be 
measured by means of a phase angle meter. For measurement of Transfer 
Impedance the principle in the set-up is the same but the velocity is 
measured at a point remote from the Force Transducer. In practice a set-up 
for mechanical impedance measurement may be built up as shown in 
Fig.4.5. 
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Preamplifier 
Type 2625 

Heterodyne Analyzer 
2010 

Power Amplifier 
Type 2706 

21/616 

Fig.4.5. Instrumentation set-up for obtaining Mechanical Impedance 



The signal from the accelerometer is integrated electrically in the 2625 to 
obtain a signal proportional to velocity. The velocity signal is then fed via a 
Measuring Amplifier to the COMPRESSOR INPUT of the 2010, which then 
drives the exciter through the Power Amplifier keeping the velocity at the 
measuring point constant. 

The force signal is fed via the Conditioning Amplifier Type 2626 to the 
analyzer section of the 2010 where the signal is filtered. It is then fed to the 
Level Recorder which is synchronized with the 2010, and a complete 
Mechanical Impedance spectrum is produced on frequency calibrated paper 
for a logarithmic sweep linear with frequency can also be recorded. 

Another possible set-up is shown in Fig.4.5. 

In this set-up the force and velocity signals are filtered by two 
Heterodyne Slave Filters Type 2021. The 2021 s can be phase locked giving 
a phase repeatability between them better than 1°. By introducing a phase 
meter across the "60 kHz" outputs, the phase angle between the force and 
velocity may be measured. 

Heterodyne Slave F ilter 

Exciter Control 1025 

Fig.4.6. Instrumentation set-up for obtaining Mechanical Impedance with 
phase 
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5. ACCESSORIES 

~liiiiiiiiiiiiiiiiiiiiiiiii AO 0 0 3 7 iiiiiiiiiiiiiiiiiiiiiiiiil~ 

~iiiiiiiiiiiiiiiiiiiiiiiii A 0 0 0 3 8 iiiiiiiiiiiiiiiiiiiiiiiiiiiiii~ 

AO 0037 and AO 0038: 1.2 m (4ft.) mininoise cables, AC 0010 and 
AC 0005, for operation to 100°C (212°F) and 260°C (500°F) respectively, 
fitted with miniature plugs JP 0012 in both ends. 

AO 0089: 3m (10ft.) reinforced mininoise cable, AC 0032, with 
reinforced plug JP 0049, for operation to 100°C (212°F). 

AC 0010 and AC 0005: Mininoise cable for operation to 100°C (2120F) 
and 260oc (500°F) respectively, available in lengths up to 180m. 

JJ 0032: Extension connectors for miniature plugs. Only available in set 
UA 0186 containing 25 connectors. 

JP 0012: Coaxial plug for mmm01se cables. Only available in set 
UA 0129, 20 plugs with mounting tool, and UA 0130, 25 plugs only. 

JJ 0420: Electrically isolating stud 10 - 32 N F. 
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-
YO 2960 and YO 2962: 10- 32 NF threaded steel stud 1/2" and 5/16" 

long respectively. 

DB 1374: Beryllium nut 10- 32 NF. 

DB 1375 and DB 1376: Spherical nuts. 
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6. 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: 

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

0 1.000 1.012 1.023 1.035 1.04 7 1.059 1.072 1.084 1.096 1.1 09 
1 1.1221.1351.1481 .161 1.1751.1891.2021.2161.2301 .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. 6 7 3 3. 71 5 3. 7 58 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 

Table 6. 1. Table for Converting Decibels into (Voltage) Ratio 

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 1 on x value 
from the table. 
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Example: Convert 65.3 dB re. 1 N into units of N. 

65.3 = (3) X 20 + 5.3 

5.3 gives from table 1.841. The N-value is then 1 o3 X 1.841 
= 1841 N. 

With negative values the procedure is the same, e.g.: 

Convert -31.8 dB re. 1 N into units of N. 

-31.8 = (-2) X 20 + 8.2. 

8.2 gives from table 2.570. TheN-value is then 10-2 x 2.570 
= 0.02570 N. 

N Kp dyn lbf 
(MKS-system) (Techn.-system) (C.G.S.-system) 

1 0.102 105 0.225 

9.81 1 9.81 X 105 2.21 

10-5 1.02x 10-5 1 0.225 X 10-5 

4.45 0.454 4.45 X 105 1 

Table 6.2. Conversion of Force 
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Table 6.3. Frequency, Mechanical Impedance, Mass, Stiffness Nomograph 
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m em mm ft inch 

1m 1 100 1000 3,281 39,37 

lcm 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 

Table 6.4. Conversion of Length 

g mfs2 cmfs2 ft/s 2 infs2 

1 g 1 9,81 981 32,2 386 

1 mfs2 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 in/s2 0,00259 0,0254 2,54 0,0833 1 

Table 6.5. Conversion of Acceleration 

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 

Table 6.6. Conversion of Weight (Mass) 

37 



7. THE THEORY OF MECHANICAL IMPEDANCE 

7.1. DEFINITIONS 

Mechanical impedance can be defined as the resistance of an object to 
being set in motion. A dynamic force applied to an object will result in a 
certain velocity, in accordance with the equation: 

z F 
v (7.1) 

where F is the force, V the velocity and Z the mechanical impedance 
vectors. In the equation, the quantities are stated as vectors, as in the 
majority of cases there will be a phase difference between the applied force 
and the resulting velocity. On the other hand, it is not always necessary to 
consider this phase difference when making measurements. Often it is 
sufficient to measure the resulting quantities numerically. 

From the definition it can be seen that a mechanical element with a high 
imped_ance will require a large force to set it in motion, and one with a low 
impedance will require but a small force. 

Mechanical impedance is distinguished by two forms (see Fig. 7.1). When 
velocity and force are measured at the same point, this form is called Point 
Impedance. If, on the other hand, the response is measured at a point apart 
from the point of excitation the impedance is called Transfer Impedance. 
The concept of Point Impedance describes the structure's abi I ity to 
withstand or absorb a vibration. Transfer Impedance describes the 
structure's ability to transmit or isolate a vibration. In practice it will not be 
possible to measure the Force and Velocity at the same point. So that when 
Impedance is assumed to be Point Impedance, there is negligible difference 
between the velocity measured and the velocity at the point of force 
measurement. Velocity may be measured above, below or beside the 
excitation-point depending on which will give the best result. 

It is also common among mechanical engineers to speak of the mobility 
of a structure. This is the reciprocal of its impedance. 
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Point Impedance (a) 

Transfer Impedance ~ii (b) 

270201 

Fig.7.1. Differences between Point Impedance and Transfer Impedance 

Although mechanical impedance and mobility are the two most common 
quantities measured, it is, of course, possible to measure the acceleration or 
displacement relative to force as well. Thus, when the force is measured 
relative to the acceleration, one obtains the acceleration impedance, or 
apparent mass. Similarly one can get the displacement impedance, or 
dynamic stiffness, and the acceleration mobility or inertance, and the 
displacement mobility, known as either the compliance or the receptance. 

For a steady state system with sinusoidal excitation, the relationship 
between force, velocity and impedance can be demonstrated with a diagram 
such as that in Fig. 7.2. 

IMAG INARY AXIS 

F 
z 

--------~~-----'"-~---~REAL AXIS 
2T"202 

Fig.7.2. Relationship between force, velocity, and impedance 
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The vectors F and V can be expressed by the equations 

F F exp j (q, (f) x wt) 

and v V exp jwt 

where f/J is the phase angle between F and V and the angular frequency. 

Substituting these values into equation 7.1, one gets 

z = ~ exp jwf/J (f) 

(7.2) 

(7.3) 

(7.4) 

The impedance vector has a certain phase angle f/J for a given frequency, 
which is the difference in phase between the force and velocity vectors, 
regardless of time. 

7.2. MECHANICAL ELEMENTS 

In studying a mechanical system, it is often useful to break it down into 
a number of simple ideal elements, namely masses, stiffnesses and dampers. 
Each of these elements has its own impedance characteristics, as shown in 
Table 7.1. 

This is also shown vectorially in Fig. 7.3. 

Impedance Numerical 
Type Symbol Vector Value Value Phase angle 

Mass -D- j w M wM goo 

Stiffness --./Vv-
.k k 

-90° -J-w -
w 

Damper --+- D D oo 

Table 7.1. Impedance characteristics of mechanical elements 
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Fig. 7.3. Phase relationship of mass, stiffness, and damping 
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Fig. 7.4. Impedance vs. frequency for mass, stiffness, and damping 
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If impedance is plotted against frequency, as in Fig.7.4, it can be seen 
that a pure spring will be represented by a downward sloping line and a pure 
mass by an upward sloping line. The lines would have a 1:1 slope on a 
log-log scale, which on the dB scale used in Fig.7.4 corresponds to -6 dB 
and + 6 dB per octave respectively. The damping vs. frequency plot is 
represented by a horizontal line. 

Mechanical systems generally have much more complicated mechanical 
impedance curves that this, of course, but one can still find the influence of 
the basic elements in their curves. 

7.3. ELECTRICAL ANALOGY 

One very useful tool in the study of mechanical systems is the 
Force-Voltage analogy. The behaviour of the mechanical system can be 
predicted from what is known of R - L - C electrical circuits by making 
appropriate conversions of physical quantities, as listed in Table 7.2. 

MECHANICAL SYSTEM ELECTRICAL SYSTEM 

Force, F Voltage, v 
Velocity, V Current, i 
Spring constant, K 1 /Capacitance, 1 /C 
Mass, m Inductance, L 
Damping, D Resistance, R 
Degree of Freed om Resonant Loop 
Coupting Element Element Common to two loops 

Table 7.2. Table of conversion for force-voltage analogy 

Each junction in the mechanical system corresponds to a closed loop in 
the electrical system. All points on a rigid mass are considered as the same 
junction. 

Example 1: 

To illustrate, consider the simple system in Fig.7.1. 
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(a) 

Same 
Velocity 

Fig. 7. 5. Example 1 

R 

(b) 

Same 
Current 

This is a one-degree of freedom mechanical system, hence a one-loop 
electrical system. The velocity is the same for any point in the mechanical 
system, therefore the current is the same throughout the electrical loop and 
it must be a series loop. 

(a) (b) 

Fig.7.6. Example 2 

Example 2: 

In Fig.7.6 is shown another single degree of freedom system, which is 
represented electrically by two loops. Note, however, that only one is a loop 
capable of resonance. 

Since the force must be equal at both ends of the spring, and the 
velocities of the mass and the damper are equal, the currents in the 
inductance and the resistor are the same, and the voltage across the 
capacitor and the series combination of inductance and resistor must be the 
same. 

A general rule of thumb for analogous circuits is that if the spring and 
damper are in series in the mechanical circuit, they must be in parallel in the 
electrical circuit, and vice versa. 
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Example 3: 

Fig. 7. 7 shows the mechanical circuit of the 8 & K Artificial Mastoid and 
driving platform. It looks com pi icated, but is actually easy to convert to the 
electrical analogy if all of the above rules are kept in mind. 

x, j L, L2 T 

K, 
c2 

x2 
j 

03 T 

R2 

R3 c3 

(a) (b) 2 ?o2CJ7 

Fig.ZZ Example 3 

There are two degrees of freedom, hence two resonant loops. These can 
be thought of separately, as shown in Fig.7.8. 

(a) (b) 270C'08 

Fig.ZB. Example 3 with mechanical system divided into two parts 

Here it can be seen that there are two sets of mechanically parallel 
elements, one exactly the same as in Fig.7.5. The electrical circuits would be 
series loops, as shown in Fig. 7 .9. 
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(a) (b) 

Fig. 7.9. Example 3 with electrical analogy divided into two loops 

The mechanical elements K1 and 0 1 provide a coupling mechanism 
between M1 and M2 , therefore the two loops must have C1 and R 1 in 
common. The assembled circuit will appear as in Fig.2.8.b. 
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8. SPECIFICATIONS 

The Force Transducer is available in a set or a package. The Force 
Transducer Set Type 8200 S contains: (see Fig.8.1). 

One Force Transducer Type 8200 
One coaxial connection cable 
Two threaded steel studs 1 0 - 32 N F 
One electrically isolating stud 10 - 32 N F 
Mica washer 
Screw tap 10- 32 NF 
Hexagon key for studs 
Beryllium nut 
Spherical nut 
Spherical nut 
Individual calibration chart 

Fig. B. 1. The Force Transducer Set Type 8200 
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The Force Transducer Package Type 8200 P contains five packets, in 
each of which is: 

One Force Transducer Type 8200 
One coaxial connection cable 
One threaded steel stud 10- 32 NF 
Individual calibration chart 

Specifications for the Force Transducer are: 

Force Range: 1000 N (225 lbf) tension to 
5000 N ( 1125 lbf) compression 

AO 0037 
YO 2962 

Max. Dynamic Force: 3000 N (675 lbf) peak (with 2000 N 
preload) 

Linearity*: 

Charge Sensitivity (nominal)*: 

Capacitance (nominal): 

Leakage Resistance 
(at 25°C): 

Temperature Range: 

Sensitivity Temperature 
Coefficient*: 

Transverse Sensitivity+ 

± 1% Full Scale Output 

4 pC/N ( 17.8 pC/Ibf) 

25 pF 

>1os Mn 

'0.03% per °C at 20°C 

(for forces< 100 N (22.5 lbf)): <5% 

Bending Moment Sensitivity+ 
(for bending moment< 1 Nm 
(0.7381bf. ft.)): <100 pC/Nm (<135 pC/Ibf.ft.) 

Strain Sensitivity** 
(top and base): < 0.04 N (0.0009 lbf) per pstrain 

Temperature Transient 
Sensitivity** 

(LLF 3Hz): 0.5 N/°C 
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Stiffness: 

Resonant Frequency 
(with 5 grams load on top): 

Seismic Mass (lid): 

Seismic Mass (base): 

Magnetic Sensitivity**: 

Case Material: 

Weight: 

Height: 

Spanner Size: 

Mounting Threads: 

Connector Type: 

* Individually calibrated 
** Ref. ANSI 52.11-1969 

>5 x 108 N/m (2.8 x 106 lbf/in) 

>35kHz 

Approx. 3 gm 

Approx. 18 gm 

0.002 N/kGauss (0.0045 lbf/kGauss) 

Stainless Steel AISI 316 

24gm 

13 mm (0.51 in) 

18 mm (0.71 in) 

10-32 NF 

10- 32 NF, ceramic isolator 

+ in neutral plane which is 7.5 mm above base and parallel to this. 
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BROEL & KJtER instruments cover the whole field of sound and vibration 
measurements. The main groups are: 

ACOUSTICAL MEASUREMENTS 
Condenser Microphones 
Piezoelectric Microphones 
Microphone Preamplifiers 
Sound Level Meters 
Precision Sound Level Meters 
Impulse Sound Level Meters 
Standing Wave Apparatus 
Noise Limit Indicators 
Microphone Calibrators 

ACOUSTICAL RESPONSE TESTING 
Beat Frequency Oscillators 
Random Noise Generators 
Sine-Random Generators 
Artificial Voices 
Artificial Ears 
Artificial Mastoids 
Hearing Aid Test Boxes 
Audiometer Calibrators 
Telephone Measuring Equipment 
Audio Reproduction Test Equipment 
Tapping Machines 
Turntables 

VIBRATION MEASUREMENTS 
Accelerometers 
Force Transducers 
Impedance Heads 
Accelerometer Preamplifiers 
Vibration Meters 
Accelerometer Calibrators 
Magnetic Transducers 
Capacitive Transducers 
Complex Modulus Apparatus 

VIBRATION TESTING 
Exciter Controls -Sine 
Exciter Controls -Sine - Random 
Exciter Equalizers, Random or Shock 
Exciters 
Power Amplifiers 
Programmer Units 
Stroboscopes 

STRAIN MEASUREMENTS 
Strain Gauge Apparatus 
Multi-point Panels 
Automatic Selectors 

MEASUREMENT AND ANALYSIS 
Voltmeters and Ohmmeters 
Deviation Bridges 
Measuring Amplifiers 
Band-Pass Filter Sets 
Frequency Analyzers 
Real Time Analyzers 
Heterodyne Filters and Analyzers 
Psophometer Filters 
Statistical Distribution Analyzers 

RECORDING 
Level Recorders 
Frequency Response Tracers 
Tape Recorders 

DIGITAL EQUIPMENT 
Digital Encoder 
Digital Clock 
Computers 
Tape Punchers 
Tape Readers 

BRUEL&K\.IAC.R 
OK-2850 Nrerum, Denmark. Teleph.: (01) 80 05 00 .. Cable: BRUKJA, Copenhagen. Telex: 15316 




