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Accelerometer 
Types: 

4332 4340 8303 
4333 4343 8304 
4334 4344 8305 (3506 set) 
4335 4345 8306 
4338 8301 8307 
4339 8302 8309 



BROEL & KJA:R 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 

BRilEL&I<'-'A:.R 
. DK-2850 Naarum, Denmark. Teleph.: (01) 80 05 00. Cable: BRUKJA, Copenhagen. Telex: 15316 

.· \.·i 
:.!.-· 

Accelerometer 
Types: 

4332 
4333 
4334 
4335 
4338 
4339 

4340 
4343 
4344 
4345 
8301 
8302 

8303 
8304 
8305 (3506 set) 
8306 
8307 
8309 



ACCELEROMETER 

TYPES: 4332, 4333, 4334, 4335, 4338, 4339, 4340, 
4343, 4344, 4345, 8301, 8302, 8303, 8304, 8306, 
8307, and 8309 

Reprint1 January 1974 

-·-. 



CONTENTS 

1. INTRODUCTION ...................................... 5 

2. BASIC SELECTION AND APPLICATION INFORMATION ..... 6 

2.1. The Piezoelectric Accelerometer .................. 6 
2.2. Selecting an Accelerometer ...................... 7 
2.3. Preamplifiers ................................ 11 
2.4. Accelerometer Mounting Techniques ............. 11 
2.5. Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

3. CONSTRUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

3.1. Piezoelectric Materials . . . . . . . . . . . . . . . . . . . . . . . . 16 
3.2. Design ..................................... 18 

~~i~~:~n® . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~~ 
Integral Preamplifier .......................... 21 

4. CHA~ACTERISTICS .................................. 22 

4. 1. Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
4.2. Frequency Response .......................... 24 

Low Frequency Response . . . . . . . . . . . . . . . . . . . . . . 27 
High Frequency Response ..................... 27 

4.3. Dynamic Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Lower Limit ................. . .............. 28 
Upper Limit ............... . ................ 28 

4.4. Zero Shift .................................. 29 
4.5. Phase Shift ................................. 30 
4.6. Response to Transient Vibrations ................ 30 
4. 7. Transverse Sensitivity ......................... 31 



4.8. Non-vibration Environment .................... 33 
Temperature ................................ 33 
Acoustic Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Humidity .................................. 35 
Base Strain ................................. 35 
Magnetic Fields .............................. 35 
Radiation Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

5. CALIBRATION ...................................... 36 

5.1. Calibration Methods .......................... 36 
Comparison Method .......................... 36 
Absolute Method ............................ 36 

5.2. Factory Calibration .......................... 37 
Cable Capacitance ............................ 38 
Voltage Sensitivity ........................... 38 
Charge Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Capacitance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Transverse Sensitivity ......................... 40 
Undamped Natural Frequency .................. 42 
Frequency Response Curve ..................... 43 
Temperature Sensitivity ....................... 44 

5.3. Factory Calibration of Type 8305 and 3506 Set .... 47 
5.4. Calibration Equipment ........................ 49 

Accelerometer Calibrator and Preamplifier 4292 .... 49 
Accelerometer Calibrator Type 4291 ............. 50 
Calibration Exciter Type 4290 .................. 51 
Calibration Head Type 4815 ........... . ........ 52 
Sensitivity Comparator 2970 ................... 52 
Standard Accelerometer Type 8305 .............. 53 
Insert Voltage Adapter UA 0322 ................ 54 

6. MOUNTING ......................................... 57 

6.1. Physical Dimensions ................... ....... 57 
6.2. Mounting Methods ........................... 58 
6.3. Mounting Thread . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
6.4. Noise and Cable Whip .................. . .. .. .. 62 
6.5. Ground Loop ............................... 63 
6.6. Sealing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
6.7. Cooling .................................... 64 



7. PREAMPLIFIERS .................................... 66 

8. 

7.1. Voltage Preamplifiers ......................... 66 
7 .2. Charge Preamp I ifiers . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
7.3. Effects of Cable Capacitance on Sensitivity ........ 71 
7.4. Selection of Preamplifiers ...................... 72 
7.5. 8 & K Accelerometer Preamplifiers .............. 73 

ACCESSORIES 102 

8. 1. Connecting Cables and Plugs . . . . . . . . . . . . . . . . . . . 1 02 
8.2. Mounting Sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
8.3. Preamplifier Power Supply .................... 105 

9. APPLICATIONS ..................................... 107 

10. APPENDICES ....................................... 108 

11. 

1 0. 1. Accelerometer Theory . . . . . . . . . . . . . . . . . . . . . . . 108 
Response to Continuous Vibration . . • • . . . . • • . • . . 1 OS 
Response to transient phenomenon and shock . . . . . 111 

1 0.2. Conversion Charts, Tables etc. . . . . . . . . . . . . . . . . . 113 

INDIVIDUAL ACCELEROMETER SPECIFICATIONS 117 

11.1. Uni-Gain® Accelerometers Type 4339, 4343, 
8301 and 8302 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 

11.2. Uni-Gain® Accelerometer Type 4338 ............ 120 
11.3. Miniature Accelerometer Type 4344 ............ 122 
11.4. Miniature Accelerometer Type 8303 ............ 125 
11.5. High Temperature Accelerometer Type 4345 . . . . . . 127 
11.6. Triaxial Accelerometer Type 4340 . . . . . . . . . . . . . . 130 
11. 7. Accelerometers Type 4332, 4333, 4334 and 4335 .. 133 
11.8. Quartz Accelerometer Type 8304 . . . . . . . . . . . . . . . 135 
11.9. Standard Accelerometer Type 8305 and Accelerometer 

Calibration Set Type 3506 .................... 137 
11.1 0. Low g Accelerometer Type 8306 . . . . . . . . . . . . . . . 145 
11.11. Subminiature Accelerometer Type 8307 . . . . . . . . 149 
11.12. 100,000 g Shock Accelerometer Type 8309 . . . . . . 151 



1. INTRODUCTION 

The. purpose of the manual is to provide all necessary information 
required to understand and successfully use 8 & K piezoelectric accelerome­
ters in shock and vibration measurements. 

Chapter 2 contains basic step by step instruction to enable the Vibration 
Engineer to select, mount and obtain accurate results when making straight­
forward vibration measurements. 

Chapters 3 to 10 present all the background material needed to fully 
understand piezoelectric accelerometers and successfully use them in all 
types of shock and vibration measurements. 

Finally, Chapter 11 contains individual specifications for the range of 
accelerometers available from B & K. 
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2. BASIC SELECTION AND APPLICATION INFORMATION 

This chapter outlines the basic steps to be taken when making straight­
forward vibration measurements using an accelerometer. 

2.1. THE PIEZOELECTRIC ACCELEROMETER 

A piezoelectric accelerometer is an electromechanical transducer lhat 
generates an electrical output when subjected to vibration. The electrica l 
output will be directly proportional to the acceleration of the accelerometer 
base, over a I imited frequency range and dynamic range as shown in 
Fig.s 2 .1 and 2.2. 

u 
QJ 

w 

Lower limit 
set by Noise 

~ 
Useful Range 

Upper limit 
set by Accelerometer 

~ 

Acceleration 

Z7f5b2 

Fig.2. 1. Electrical output versus acceleration in g for a piezoelectric acceler­
ometer 

The ratio of the accelerometer's electrical output to the mechanical input 
is defined as the sensitivity of the accelerometer. It may be expressed in 
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terms of voltage per unit of acceleration (mV /g) or charge per unit of 
acceleration (pC/g). It is important to note that: 

~ 
c 
0 

~ 
a: 

mV/g = mVRMS/gRMS = mVpeak/gpeak 

pC/g = pCRMS/gRMS = pCpeak/gpeak 

Set by Cable 
+ Preamplifier 
+ Environment 

Set by 
Accelerometer 

~ · 
~---Useful Range---~ 

Lower Freq. 
Limit 

Upper Freq. 
Limit 

0.01 0.1 10 100 1000 10000 100000 Hz 
Frequency 

Z11.5b0 

,Fig.2.2. Frequency response of an accelerometer when subjected to con­
stant acceleration 

2.2. SELECTING AN ACCELEROMETER 

Ideally we would like to have an accelerometer having high sensitivity, 
maximum frequency range, and minimum weight. Unfortunately the 
requirement for high sensitivity is in direct conflict with the requirement for 
low weight and max. frequency range, so that some compromise must 
always be found. Furthermore some accelerometers have been designed to 
overcome extreme environmental conditions and for special applications, 
and therefore some design compromise is inevitable. 

To simplify selection of an accelerometer for a vibration measurement 
refer to Table 2.1 and check the following points: 

( 1) The weight of the accelerometer should be at least 10 times less 
than the weight of the specimen on which it is mounted. 

(2) Estimate what frequency range will be required and check that this 
I ies within the frequency range of the accelerometer. 
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no. 

4339 

4343 

8301 

8302 

4338 

4344 

8303 

4345 

4340 

4332 

4333 

4334 

4335 

8304 

8305 

8306 

8307 

8309 
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Ma1n Appl1cat1ons 
(Suitable preamplifier 

grams mV/g pC/g Hz oc; oF g/11 strain g g!oc 
indicated by V .A. for voltage 
and C.A. for charge amplifier) 

16 10.0* 10 1-12.000 260/500 0.1 10.000 2 no V.A. 
General purposes 

16 10 10.0* 1-1 2.000 260/500 0.1 10.000 - 2 no 
C.A. Vibration Measurements 

21 10.0* 10 1-8.000 260/500 0.0005 10.000 1 
Vibration Testing and Control 

yes V.A. 
Large installations with 

21 10 10.0* 1- 8.000 260/500 0.0005 10.000 1 yes C.A. multichannel unified systems 

60 100 100.0* 1-3.600 260/500 0.00005 1.000 0.2 yes 
Measurements of Low Level, 
Low Frequency Vibrations C.A. 

2 3 3 1- 21 .000 260/500 0.05 14.000 10 no 
High Frequency (and high level) 
Vibration Measurements. Shock 

3.5 3 3 1- 14.000 260/500 0.002 
Measurements. Measurements on 

10.000 10 no Light Weight Structures. 

27 5 5 1- 9.000 400/752 0.04 3.000 4 no 
Flat temperature response 
High Temperature Environments C.A . 

35 20 20 1-7.000 260/500 0.2 500 2 
For Vibration Measurements in Three 

yes Mutually Perpendicular Directions 

30 60 60 1- 8.000 260/500 0.06 3.000 0.6 no 

13 20 20 1-10.000 260/500 0.2 7 .000 3 no Non-critical purposes 

30 60 60 1-8.000 260/500 0.06 3.000 0.6 
General Vibration Measurements 

yes 

13 20 20 1- 10.000 260/500 0.2 7.000 3 yes 

30 - 1.2 (0)-9.000 260/500 0.002 10.000 0.1 no 
Very low freq . long shock durations 
Low pyroelectric effect C.A. 

40 - 1.2 (0)-9.000 260/500 0.0001 1.000 0.1 
Back-to-back Calibration 

no of Accelerometers C.A. 

600 10.000* 10.000* 0.3-1.000 85/185 0.0001 1 0 .00004 no 
Ultra-low level, low freq . 
measurements, e.g. building vibrations 

0.4 1.2 0.4 1 - 25.000 200/400 0.005 10.000 3 no Measurement on ultra light Structures 

3 0.3 0.04 1. 60.000 120/248 0.5 oo.ooc 64 no High Level and short duration shock 

272199 

Table 2.1. 

(3) Check that the maximum operating temperature of the accelerome­
ter is sufficient for the measuring set-up. Some accelerometers have 
provision for water cooling and may be used on specimens with 
temperatures of up to approximately 1 000°C, otherwise air cooling 
may be employed in all cases (Ref. Section 6.7). 

(4) Consider any unfavourable environmental conditions and check 
from the specifications whether the accelerometer will be able to 
operate under such conditions. 



TYPE 

~ 
2616 (V.A.) 

2623 (V.A.) 

2624 (C.A.) 

2625 (V.A.) 

~ 
~·: 
~­~ 

2626 (C.A.) 

2628 (C.A.). 

t1 
4292 (V.A.) 

SPECIAL FEATURES 

1) Internal battery power supply or external 6-35 V 
supply 

2) Adjustable gain 

1) Small light weight 
2) Can be mounted directly on the accelerometer or in 

the close proximity 
3) Simple calibration with Uni-Gain®accelerometer 
4) Fixed gain 0 dB ± 0.05 dB 

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

10 mV/pC LLF 30Hz 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) Simple calibration with Uni-Gain®accelerometer 

1) Three selectable inputs, one output 
2) Adjustable gain as well as fixed gain setting 
3) Simple calibration with Uni-Gain®accelerometer 
4) Velocity and Displacement integrating network 
5) Internal battery power supply or external 28 V input 

1) A 3 digit sensitivity adjustment network which en­
ables the amplifier sensitivity to be ~djusted to the 
particular accelerometer, making calibration with all 
types of accelerometers very simple 

2) Selectable, high gain up to 60 dB 
3) Stepwise adjustable high pass and low pass filters 
4) Selectable transformer output (2626 only) 

-5 
5) Extremely low LLF down to 10 Hz (2628 only) 

1) A small built-in shaker table adjustable to 1 g peak 
allowing easy calibration of complete set-up 

2) Variable gain 0-20 dB 
3) Velocity and Displacement integrating networks 

271609 

Table 2.2. 
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APPLICATIONS REMARKS 

General Purpose Max. Torque: 
10-32 N F studs 18 kgcm ( 15 lbin) 

-i- M 3 studs 6 kgcm ( 5 lbin) 
Mounting surface must be clean and 
carefully machined. A small amount 

Steel stud 
of oil or grease between the surfaces 
will improve the contact. 

~;ca 
To avoid ground Max. Torque: 
loops and other 10-32 N F isolating stud . 

washer unwanted signal 18 kgcm (15 lbin) 
Isolated paths (not available forM 3 thread) 

stud 

~v•• 
When no mount- Recommended cements: 
ing holes can be Eastman 910 marketed by Armstrong 
made Industry 

of wax Cyanolit 201 + 202 manufactured by 
3M 

~m~ 
When no mount- I.S. 12 manufactured by I ntercon-
ing holes can be tinental Chemical Co. Ltd., Ireland 
made while facil- Dental cement epoxy resins are also 
itating easy re- very useful 

Cementing moval of the 
stud accelerometer 

_a NON CRITICAL Can only be used up to about 200 g 
Max. Temperature 150° C 
Reduced frequency range 

Magnet 

-----..____ SPECIAL Should not be used for frequencies 
APPLICATIONS above 1000 Hz Q -' 

~ 

~ 
Pr~bes 

271608 
Table 2.3. 
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2.3. PREAMPLIFIERS 

The signal from the accelerometer must first be fed through a preampli­
fier before it can be analysed. This is true in all cases except: ( 1) When using 
Accelerometer Type 8306 which has a built-in preamplifier and (2) When 
feeding the signal into measuring instruments having built-in preamplifiers 
such as the Vibration Meter Type 251 0 and the Sound Level Meters 
Type 2203 and 2209. 

Preamplifiers are designed according to two different amplifier principles. 
The B & K accelerometer preamplifiers are shown in Table 2.2. 

1. the voltage amplifier (V.A. in Table 2.2) 

2. the charge amplifier (C.A. in Table 2.2) 

When using voltage amplifier the voltage sensitivity will decrease with 
increase ·in capacitive loading applied by long cables. When using charge 
amplifiers the cable length has practically no effect on the charge sensitivity, 
so that it is recommended to use charge amplifiers when long cables are 
·necessary, or when switching inputs between cables of varying length. 

2.4. ACCELEROMETER MOUNTING TECHNIQUES 

Some of the possibilities for mounting accelerometers, which are pro­
vided with the B & K accelerometer sets are shown in Table 2.3. Special rec­
ommendations apply for Types 8307 and 8309 - :;ee sections 11.11 
and 11.12. 

2.5. OPE RAT I ON 

1. Mount the accelerometer to the specimen using one of the methods 
outlined in Table 2.3. 

2. (a) Connect the accelerometer cable from the accelerometer output to 
the preamplifier input. 

(b) To avoid mechanically caused noise it may be necessary to clamp 
the cable to the structure as shown in Fig.2.3. 

(c) 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.2.4. 
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12 

Correct The cable should leave the spec imen 
at t he point of lowest vibration 

Wax, tape , epoxy or other type of clamp ing 271306 

Fig.2.3. Clamping of cable to the vibrating specimen 

(d) For high temperature measurements check maximum permissible 
temperature for the cable. 

AO 0037, AO 0051, AO 0089 
(AC 001 0, AC 0032) 
AO 0038, AO 0052, AC 0005 
AO 0500 

Max. Temp. 100°C(212°F) 
Max.Temp.260°C(500°F) 
Max.Temp.400°C(752°F) 

271307 

Fig.2.4. Sealing of the accelerometer cable entry 

3. (a) When using a voltage preamplifier it is preferable to use the cable 
supplied with the accelerometer, between the accelerometer and 
preamplifier, as a different cable capacitance will affect the sensitivity 
of the accelerometer. 

(b) When using a charge preamplifier long cables can be used between 
the accelerometer and preamplifier without affecting the sensitivity 
significantly ( 1000 m cable will normally give less than 1% change) 
but it is advisable to use long cables only when absolutely necessary as 
they cause an increase in noise from the charge amplifier input stage. 

Charge amplifiers have selectable lower limiting frequencies and it is 
always advisable to use the highest possible lower limiting frequency 
that will not affect the measurement, as this will considerably reduce 
low frequency noise. 



4. Calibration of the set-up can be performed by a) theoretical calculation 
accepting the factory calibration of the accelerometer, or b) subject­
ing the accelerometer to 1 g peak using the Accelerometer Calibrator 
Type 4291 or the built-in shaker of the Accelerometer Calibrator and 
Preamplifier Type 4292 (see 4292 manual) . 

2.5.1. Theoretical Calculation 
(only possible with preamplifiers having fixed gain settings) 

(a) When using a voltage preamplifier the voltage sensitivity in mV /g of 
the accelerometer plus cable supplied can be obtained from the accelerome­
ter calibration chart. (Fig.2.5). 

C8llbf• II011 Chattlor 
Ac:c:...,_..,Type4331 

""'!:,en::,=u.tlf •' S O .ua~ Zf •c 

ea...c:--. ot ffJ.S pF 

Cll .... s-ltMty 9JJ pCg 

Vo~U<fes-t"""'·· .3. t. a. ... vg· 

~"-'=• 1"""""''"'9cable) f .0 9 f pF 

Mu i-Tt ... • -MSet>oi......., II:JOHz .a .g '1. 

Wei.... 6S.JS g, ..... 

~'='~~=-=',_,.'!!SIMI ~::.,, ... 
~~=.E~I~:='.n=-r .... ~= 

"--1-• Mrftolllunl20,000""0011rnt•loOOM1 .... 

o:··;:g_9·7l s.gn•lurt .S./3 . 

••TI.,ocalol><.tuo"'""""'-..t>l•loUwNM-•1 
Bur .. ., ot St•nclards W••"•"9ton DC 

BrUel & ljc.r 

,,..,.._. r....,.-. ...,...1-rifr ~.. J 0 D D D D D D 0 D D D D 0 0 D 0 D 0 0 0 0 0 0 0 0 D 0 0 0 0 • .. -- ,_,_ ,_....,,_ 

,.:.... ~ m m m m m.~ --

_¥~c: :::~. ~==~:::.:;.. 
5;5~o:o;~:-~~ 21» ,.HC IIIII tine 

~~~&5~" .... """' 20000 
u..~ Ha: w..,.Sp.ol, ---· .._ ...... 

Fig.2.5. Example of the individual calibration chart supplied with each 
8 & K Accelerometer 

If a long cable is used or if the accelerometer is used in extreme temper­
atures a new voltage sensitivity must be calculated. (Ref. Section 5.2.8 
and 7.3). 

By adding the gain (if any) of the preamplifier the overall voltage 
sensitivity is obtained. 

(b) When using a charge amplifier the charge sensitivity S0 (in pC/g) of 
the accelerometer can be obtained from the accelerometer calibration chart. 

Different cable lengths will not change the charge sensitivity. If the 
accelerometer is operating at a high temperature the new charge sensitivity 
must be obtained from the calibration chart. (Ref. Section 5 .2.8). 
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When using the 2624 Charge Amplifier multiply charge sensitivity of the 
accelerometer in pC/g by the sensitivity in mV /pC of the 2624 to obtain the 
overall sensitivity of the set-up in mV /g. 

When using the 2626 Conditioning Amplifier the overall sensitivity in 
Volt/g of the set-up is obtained directly by the setting on the central 
"Volt/g" knob, when the sensitivity of the accelerometer is read into the 
3 digit sensitivity adjustment network (See 2626 manual). 

2.5.2. Calibration at 1 g Peak 

By exciting the accelerometer at 1 g peak and measuring the resultant 
voltage output, the overall sensitivity can be obtained directly. 

The Accelerometer Calibrator Type 4291 (Fig.2.6) is specially designed 
for this purpose. 

Accelerometer Calibrator 

Fig.2.6. Accelerometer Calibrator Type 4291 

An example of a typical calibration set-up is shown in Fig.2.7 using fdr 
example a Type 2606 Measuring Amplifier to measure the signal from the 
accelerometer. 

14 

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



accelerometer 

Accelerometer 
Calibrator 4291 

Preamplifier 

Vibration Meter or 
Sound Level Meter 

Measuring Amplifier 
or Frequency Analyzer 

27'1.5?8 

Fig.2.7. Calibration of accelerometers at 1 g peak 

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

3. Adjust the "Ace. Level" control until the indicator reads the correct 
mass of the accelerometer (obtained from the calibration chart). 

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

Since the 2606 reads out in RMS voltage and the acceleration is a peak 
value, the voltage obtained should be multiplied by J2. 

Overall Sensitivity of the set-up= mV R MS J2 = mV peak/gpeak = 
mV RMS/gRMS = mV /g. 

If a meas.uring amplifier having peak measuring facilities is used and the 
peak voltage is measured then the overall sensitivity is obtained directly. 
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3. CONSTRUCTION 

The basic construction of a piezoelectric accelerometer is shown sche­
matically in Fig.3.1. 

p8:i!!25i:s::s::s::!li!IZ!i::s:a:s:.._t--- Housing 
r=:::j~==:-l.il---Spri ng 

/Hilt----Mass 
Piezoelectric discs 

L..;,.;....:..,;.,;_;..L.J~t--.. ~output terminals 

Base 

Fig.3.1. Schematic drawing of a piezoelectric accelerometer 

The transducing element consists of piezoelectric discs which are 
clamped between a mass and a base. When the accelerometer is subjected to 
vibration, the mass will exert a variable force on the piezoelectric discs, and 
a variable potential will be developed across the element. The potential will 
be directly proportional to the acceleration over a particular frequency 
range. The mathematical theory is developed in Section 1 0.1. 

3.1. PIEZOELECTRIC MATERIALS 

A piezoelectric material is one which generates a charge when subjected 
to a stress. The important properties of piezoelectric materials for use in 
construction of accelerometers are: 

PIEZOELECTRIC CONSTANT d: This constant relates the charge 
generated to the applied force. 
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STIFFNESS K: This is the stiffness of the individual piezoelectric 
element in Newtons/meter. Since the piezoelectric element acts as a spring, 
this constant will affect the natural frequency of the accelerometer. 

DIELECTRIC CONSTANT (E): For a particular piezoelectric element 
geometry, this determines the internal capacitance. High internal capaci­
tance is advantageous, as the lower I imiting frequency decreases with in­
crease in internal capacitance. 

RESISTANCE: High internal resistance of the piezoelectric material will 
reduce the leakage of charge and so improve the low frequency response. 

CURIE POINT: This is the temperature at which artificially polarized 
piezoelectric material will permanently lose or change its piezoelectric 
properties. 

The piezoelectric materials that may be used for accelerometer applica­
tions include all the intrinsic piezoelectric monocrystals and the polarized 
ferroelectric ceramics. 

The piezoelectric properties of all monocrystalline material (e.g. quartz 
and Rochelle salt) are determined by the basic crystal symmetry. This will 
impose restrictions on the shape of the transducing element which has to be 
cut out of a larger crystal. Most monocrystals have small sensitivities and 
dielectric constants. Their advantages are high stability and small variations 
in parameters. Furthermore, the pyroelectric effect (the effect of charge 
release caused by temperature changes) which exists in all ferroelectric 
ceramics is not present in some monocrystals (e.g. quartz). 

Some of the problems associated with monocrystalline material were 
overcome with the development of synthetic ferroelectric ceramics which 
exhibit piezoelectric properties when artificially polarized. These ferroelec­
tric ceramics are mixtures of different compounds such as barium titanate, 
lead zirconate and lead metaniobate, and by varying the composition special 
properties suited for different applications may be obtained. Ferroelectric 
ceramics have high sensitivities and high dielectric constants, and the 
element can be made in any required shape. 

The manufacture of polarized ferroelectric ceramic elements begins with 
careful weighing and proportioning of the required ceramic powders. The 
powders are first mixed and then calcined at a high temperature to produce 
chemical combination of the ingredients. The compound is then repowdered 
in a ball mill and a binder is added. The powder is compressed into the 
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desired shape, which is fired in a kiln under carefully controlled conditions. 
After this is completed the element is cleaned and electrodes are plated onto 
it. The last step is the application of a high voltage across the electrode for a 
certain time. This polarizes the element, permanently inducing a piezoelec­
tric axis between the electrodes. 

Manufacturers of piezoelectric materials are continuously investigating 
and improving their compositions in order to make them more suitable for 
particular purposes. B & K accelerometers utilize three different piezo­
electric materials indicated by MT 8, MT 40, and MT 100. 

MT 8 belongs to the well-known lead titanate zirconate family. It has 
high sensitivity (approx. 300 pC/N) and can be used up to 260°C. It is used 
in most B & K accelerometers due to its good all round properties. 

MT 40 is a specially developed ceramic which can be used up to 400°C. 
It also has a very flat temperature response curve. 

MT 100 is a carefully selected and prepared quartz crystal. It has very 
good long term stability, very flat temperature response curve and extreme­
ly low temperature transient sensitivity. It is used in standard and other 
accelerometers where optimum stability or low pyroelectric effect is 
desired. 

3.2. DESIGN 

The modes of operation most often used in piezoelectric accelerometers 
are shown in Fig.3.2. 

PERIPHERAL MOUNTED COMPRESSION DESIGN (P.M.) gives a very 
rugged accelerometer with a high sensitivity to mass ratio, and a high 

P.M I.C .M C.M. 

Fig.3.2. Types of accelerometer construction 
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resonant frequency. It has some shortcomings, especially with regard to 
environmental sensitivity (e.g. acoustic, base strain, and temperature 
transient). 

T~e transducing element consists of two piezoelectric discs mounted 
with I ike poles face to face, thus isolating the two central electrodes from 
the housing and grounding the other two electrodes. A mass preloaded by a 
stiff spring (which is mounted at its periphery by a screw thread on the 
housing) holds the piezoelectric element in compression against the base. 
When the accelerometer is subjected to vibration the mass will exert a 
variable force on the piezoelectric discs, and a charge will be generated 
across the discs, which is directly proportional to the acceleration of the 
base. 

As can be seen from Fig.3.2 the housing and the spring provide between 
them the force which preloads the mass. The spring is designed to be less 
stiff than the housing so as to isolate the performance of the accelerometer 
from enviro:1mental conditions that will directly affect the housing walls. 

THE CENTER MOUNTED COMPRESSION DESIGN (C.M.) combines 
the ruggedness and high resonant properties of the P.M. design with an 
increased mechanical isolation of the sensing element (basic spring mass 
system) from the accelerometer housing. It is one of the most frequently 
employed designs today. 

Preloading of the mass is accomplished here by screwing the compression 
spring down on a threaded center post set in a thick base. The housing in 
this construction serves only as a protection to the sensing element, and is 
added after completion of the assembly of the sensing elements. 

THE INVERTED CENTER MOUNTED COMPRESSION DESIGN 
(I.C.M.) giv~s better isolation from base strain, but suffers a slight reduction 
in resonant frequency compared with the C.M. The construction is similar 
to the C.M. design except that the sensing element is secured to the top of 
the housing instead of the base. The reduction in resonant frequency is due 
to the elasticity of the walls of the housing, which in this construction carry 
the sensing element. 

SHEAR DESIGN employs a piezoelectric element in the shear mode. It 
has a very good isolation from case effects and a reasonably high resonant 
frequency. A cylindrical mass is bonded to a cylindrical piezoelectric 
element which is itself bonded to a center post. When the accelerometer is 
subjected to vibration the piezoelectric element will experience a varying 
stress in the shear mode. 
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BENDER DESIGN is constructed with special piezoelectric benders and 
can give a very high sensitivity with a correspondingly low resonant frequen­
cy. Its main applications are in the medical and other fields where low 
frequency response is most important. The design is often used with piezo­
resistive beams which can measure DC accelerations. 

3.2.1. Polarity 

The polarity of the electrical output will be determined by the interface 
polarity of the piezoelectric elements and the reaction of the mass. B & K 
design all accelerometers such that an acceleration directed from the mount­
ing surface into the body of the accelerometer results in a positive e.m.f. on 
the center conductor of the output terminals. The only exception is the 
Standard Accelerometer Type 8305 which has opposite polarity so as to 
simplify comparison calibration measurements. 

3.2.2. Uni-Gain® 

Certain B & K accelerometers are designed so that all the accelerometers 
of that particular B & K Type will have identical sensitivities. This sensitiv­
ity is made to be a simple figure for instance 10 mV /g or 10 pC/g. B & K 
accelerometers of this type are called "Uni-Gain®·. 

The adjustment procedure is only possible with accelerometers which are 
of the C.M. or I.C.M. constructions. 

During production, the accelerometers are made to have slightly higher 
sensitivities than is required. Before final sealing the sensitivity of the 
accelerometer is measured and the appropriate amount of material is 
machined from the mass. 

The use of these Uni-Gain® accelerometers with appropriate preampli­
fiers makes sensitivity adjustment of the measuring instrumentation before 
measurement unnecessary. Setting-up time is thus reduced to a minimum 
and calculations during measurement avoided. They are also particularly 
useful in vibration measuring set-ups having numerous accelerometers. 
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3.2.3. Integral Preamplifier 

For optimum frequency response the signal from the accelerometer must 
always be fed through a preamplifier. This is normally mounted re~otely 
from the accelerometer, but in some instances it will be an advantage to 
build a preamplifier into the accelerometer housing such as in the B & K 
Type 8306. Although building the preamplifier into the accelerometer 
increases the weight of the accelerometer, it makes possible the measure­
ment of very low level low frequency acceleration. 

21 



4. CHARACTERISTICS 

4.1. SENSITIVITY 

The sensitivity of an accelerometer is defined as the ratio of its electrical 
output to the mechanical input. Accelerometers are calibrated for voltage 
per unit acceleration (mV /g = mV RMS/g RMS = mV peak/g peak) and 
charge per unit acceleration (pC/g = pC RMS/g RMS = pC peak/g peak). 
Accelerometers utilizing MT 100 piezoelectric elements are normally only 
calibrated for pC/g as it is not recommended to use these accelerometers 
with voltage preamplifiers due to their low internal capacitance. 

The equivalent circuit of an accelerometer and cable is shown in Fig.4.1 

where q charge generated by the piezoelectric 
Ca accelerometer internal capacitance 
Ra accelerometer internal resistance 
Cc cable capacitance 

q 

Fig.4.1. Equivalent circuit of accelerometer with cable 

Since the accelerometer internal resistance is extremely high it can be 
neglected. The Charge and Voltage equivalent circuits can thus be represent­
ed as shown in Fig.4. 2. 

From these circuits it is seen that the voltage output E = q/(Ca + Cc) is 
dependent on the cable capacitance but the charge output is not. For this 
reason the voltage sensitivity is always calibrated with the cable supplied 
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v = c + c 
a c 

(a) 

Fig.4.2. a) Charge equivalent circuit 
b) Voltage equivalent circuit 

(b) 2 71580 

with the accelerometer and if a different cable is used the new sensitivity 
must be determined (refer to Section 7.3). 

Within the useful frequency range of an accelerometer the voltage sensi­
tivity is independent of frequency. With accelerometers having MT 8 as the 
piezoelectric, the charge sensitivity decreases slightly with increasing fre­
quency as shown in Fig.4.3. 

The charge sensitivity is always calibrated at 50 or 160Hz, and the max. 
deviation occuring in the range of B & K accelerometers is less than 5%. This 
phenomena is not present in the range of B & K accelerometers having 
MT 40 and MT 100 as the piezoelectric material. 

% 

Voltage Sensitivity 

r- ---
f--

- -- 1- 1-::-· = 
Charge Sensitivity 

- 5 
5000 10000 20000 .50000 100000 

Frequency Hz 2Tf.581 

Fig.4.3. Typical frequency response of accelerometer having MT 8 as the 
piezoelectric 
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4.2. FREQUENCY RESPONSE 

A typical plot of voltage sensitivity versus frequency is shown in Fig.4.4. 

Bruel & KjCBr 
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Fig.4.4. Typical plot of voltage sensitivity versus frequency 

From the curve it can be seen that the useful frequency range of an 
accelerometer will be primarily limited by the natural resonance frequency 
of the accelerometer. The natural resonance frequency of an accelerometer 
is not fixed. It depends not only upon the mass and stiffness of the acceler­
ometer but also upon the mass (and stiffness) of the object on which it is 
mounted, and on the stiffness of the mounting method. 

Some confusion persists as to what is the natural frequency and different 
definitions are seen. The situation is best illustrated with the drawing 
Fig.4.5a, which shows schematically an accelerometer which consists of 
several masses and springs connected in series. These springs are representa­
tions of the contact stiffness between the various parts of the accelerometer. 

This mechanical system can be further simplified into that of Fig.4.5b. 
Here M is the seismic mass resting on the piezoelectric element, B is the 
mass of the accelerometer base and housing. K is the equivalent stiffness of 
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Fig.4.5. a) Schematic drawing of accelerometer as a dynamic system 
b) Simplified system 

the system between M and B. The natural frequency of such a system is 
equal to 

f0 = fM ~ 1 + ~ 
where fM is the natural resonance frequency of the mass M upon the spring 
of stiffness K. 

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 
construction of the transducer. (A thin base may cause bending of the 
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piezoelectric due to strain from 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 is 
equal to fM which is the natural 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. A compromise has therefore to be made and there are 
standards which define the mounted resonance as that obtained with the 
accelerometer mounted on an one inch cube of steel (B & K use a steel 
block of weight 180 grams). The mounted resonance frequency obtained in 
this manner is used when determining the upper frequency lim it (see 
section 4.2.2 High Frequency Response). 

B=base+180 grams 
/j 

~//~//;w/~~ 
266ol9 

Fig.4.6. Possible configurations for definition of natural resonance frequen­
cy 

Typically 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 obtained on the 180 grams block of steel 
which is 2- 4% higher than the resonance that would be obtained on an 
infinite mass. 
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A small difference in resonance frequency is obtained by considering the 
damping present in the accelerometer. Thus, the undamped natural frequen­
cy is defined as the frequency at which the motion of the mass lags the 
motion of the base by a phase angle of 90°. The damped natural frequency 
is the frequency of decaying oscillations after an initial excitation. The 
difference is negligible for high Q piezoelectric accelerometers such as the 
ones manufactured by B & K. 

4.2.1. Low Frequency Response 

The low frequency response of a measuring set-up depends primarily on 
the type of preamplifier used in the system. With voltage preamplifiers the 
low frequency limit is a function of the RC time constant formed by the 
accelerometer output impedance and the input impedance of the preampli­
fier. (See section 7.1 Voltage Preamplifiers). With charge preamplifiers the 
low frequency limit is normally determined only by low frequency limit of 
the preamplifier. (See section 7.2 Charge Preamplifiers). 

When low frequency measurements are attempted, particular attention 
must be paid to the temperature transient sensitivity of the accelerometer 
being used. Accelerometers will always generate a low frequency output 
when subjected to temperature variations. The extent to which this will 
affect the measurement will depend on the temperature transient sensitivity 
of the individual accelerometer and the level of acceleration being measured. 
It is advisable when low frequency measurements are not required to limit 
the low frequency response in order to reduce the effect from temperature 
transients, especially when a preamplifier is used which has selectable low 
frequency cut off values. 

4.2.2. High Frequency Response 

The high frequency response of a piezoelectric accelerometer is a 
function of its mechanical characteristics. 

This response depends primarily upon the resonant frequency fn and the 
damping factor t and can be expressed by the following equation: 

Relative Response 
1 
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Since most piezoelectric accelerometers have very low damping factors, 
of the order 0.01, the equation may be simplified to: 

Relative Response 
1 

Two upper frequency limits are usually specified for piezoelectric 
accelerometers. They are 1/3 of the resonant frequency for less than 1 dB 
( 12.2%) error, and 1/5 of the resonant frequency for less than 0.5 dB (5.9%) 
error. This can be verified from the above equation. 

Poor mounting methods will lower the resonance frequency and there­
fore also lower the upper frequency limit of the operating range. For a 
detailed analysis of this problem refer to section 6.2. 

( 

4.3. DYNAMIC RANGE 

The dynamic range of an accelerometer defines the range over which the 
electrical output of the accelerometer will be directly proportional to the 
acceleration of its base. 

4.3.1. Lower Limit 

The piezoelectric accelerometer is theoretically I inear down to zero g, 
but a practical lower I imit is imposed by the noise level of the measuring 
system. This noise is usually introduced by the preamplifier, but in some 
cases it may be largely due to temperature transient effects. For noise levels 
of individual B & K preamplifiers refer to section 7 .5. 

4.3.2. Upper Limit 

The maximum acceleration which can be measured by an accelerometer 
depends on whether transient or continuous vibrations are measured. 

Fig.4. 7 shows a typical output versus shock amplitude plot for a com­
pression design of accelerometer. In the compression construction the mass 
is preloaded against the piezoelectric element with a certain force. This 
force determines the upper limit to which the accelerometer output will 
increase linearily when subjected to shock pulses in the negative direction 
(tending to I ift the mass from the piezoelectric element). For shock pulses 
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Fig.4.7. Typical output versus shock amplitude plot 

in the positive direction the upper lim it is determined by the construction 
strength of the accelerometer only. This upper limit will be considerably 
higher than that obtained in the negative direction. The Maxim urn Shock 
acceleration specified by B & K for the different types of accelerometers is 
always for shock pulses in either direction, in practice. the maximum shock 
level in the negative direction. 

For measurements of continuous vibration the upper I imit will be 
determined only by the structural strength of the accelerometer. This upper 
limit specified by B & K usually reflects limitations in the test equipment 
available (max. cont. 3000 g) rather than actual damage to the accelerome­
ter. 

Both of the upper limits specified for individual B & K accelerometers 
are also applicable to shocks and vibrations applied at any direction to the 
accelerometer. 

4.4. ZERO SHIFT 

When a piezoelectric accelerometer is subjected to extremely high shock 
levels the crystal may retain a certain amount of charge, resulting in an 
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output voltage which disappears again at a rate corresponding to the time 
constant of the accelerometer-preamplifier system. This phenomenon is 
called "zero shift" or "DC shift". It is always difficult to predict when a 
zero shift will occur and care should therefore be taken to allow for this 
phenomenon especially when the signal is integrated. When measuring shock 
pulses in the range of 1,000- 10,000 g a 1 or 2% zero shift may be expect­
ed in some tests. 

4.5. PHASE SHIFT 

The phase shift of an accelerometer is defined as the time delay between 
the mechanical input and the resulting electrical output signal. All vibration 
met in practice is complex and is composed of a number of frequencies 
superimposed in a specific way. If the accelerometer time delay is not linear 
with frequency, the various frequency components will be shifted relative to 
one another. The resultant electrical output will hence be a distorted 
representation of the mechanical input. Phase shift will occur due to damp­
ing being present in the mass spring system of the accelerometer but since 
B & K accelerometers have very small damping factors, the phase shift will 
be negligible to near the resonance frequency, well beyond the rated fre­
quency range. 

4.6. RESPONSE TO TRANSIENT VIBRATIONS 

Due to the lower limiting frequency of the system and also to the 
resonance frequency of the accelerometer, transient vibrations will be 
distorted when passing through the system. Typical response curves for half 
sine pulses and useful thumb-rules to secure amplitude errors less than 5% 
are given in Fig.4.8. 

Undamped resonance at fH F(t) Low frequency cut off at f L 

Half Sine: fH > Jf 

271607 

Fig.4.8. Determining the required frequency range of a shock measurement 
system, when the shock pulse length is known 
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An analysis of accelerometer transient response is performed in section 
1 0.1.2. For a detailed discussion on shock measurement, reference can be 
made to B & K Technical Review 1966 No.3 or the B & K booklet 
"Mechanical Vibration and Shock Measurement". 

4.7. TRANSVERSE SENSITIVITY 

The transverse sensitivity of an accelerometer is its maximum sensitivity 
to an acceleration applied at right angles to its principal axis. It can be 
regarded as the result of the sensitivity axis of the accelerometer being not 
quite aligned with the geometric axis, as illustrated in Fig.4.9. 

Main axis 
sensitivity 

100% 

~ Minimum sensitivity 
, in this direction 

270001 

Fig.4.9. Graphical illustration of transverse sensitivity 

Transverse sensitivity of accelerometers is primarily due to irregularities 
in the piezoelectric element and to limitations in the mechanical coupling 
between piezoelectric element and metal parts. It can be minimized by 
careful machining in manufacture, and by making the ceramic as homo­
geneous as possible. 
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Imagining the accelerometer placed in a rectangular coordinate system, as 
shown in Fig.4.9, the vector representing the maxim urn sensitivity can be 
resolved into two components : 

1. The main axis sensitivity, which is the voltage or charge sensitivity and 

2. the transverse sensitivity normally quoted 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 accelerome­
ter should always be mounted on a flat, clean surface and care should be 
taken to avoid damage from very large shocks in the transverse direction, 
such as might be caused by dropping the accelerometer on the floor. 

If the accelerometer is properly handled and mounted, the transverse 
sensitivity will normally be below 3% at 30 Hz and below 1 CP/o 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. 
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Fig.4. 10. Frequency response curve for transverse sensitivity of an 
accelerometer 
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Fig.4.1 0 is a typical frequency response for transverse sensitivity at fre­
quencies up to 10,000 Hz. 

The maximum transverse sensitivity at a frequency of 30Hz is given on 
the individual calibration chart of the accelerometer and the direction of 
minimum transverse sensitivity is marked on the accelerometer case by a red 
spot. 

4.8. NON-VIBRATION ENVIRONMENT 

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 nonvibration environment, or to environmental 
changes is as small as possible. 

4.8.1. Temperature 

All B & K accelerometers are rated for a specified temperature range. 
Within this usable temperature range the piezoelectric materials will show 
variations in sensitivity, capacitance, and resistance. The variation of voltage 
and charge sensitivity for the different piezoelectric materials are shown in 
Fig.4.11. 

As the accelerometer temperature is increased beyond its maximum 
operating range the piezoelectric material begins to depolarize with a result-
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Fig.4. 11: Charge and voltage sensitivity versus temperature for different 
piezoelectric materials 
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ing loss of sensitivity. If the temperature is increased until the piezoelectric 
material reaches its Curie point, the accelerometer will become depolarized 
and the sensitivity will drop to a lower value. 

When using accelerometers under high temperature conditions, different 
methods of cooling may be employed or high temperature accelerometers 
may be used. For different cooling methods refer to Section 6.7. 

In addition to the temperature characteristics described above, acceler­
ometers also exhibit a slowly varying electrical output when subjected to 
temperature transients. This output is due primarily to two effects. 
( 1). Temperature transients may cause non-uniform stresses in the acceler­
ometer structure. This will result in varying forces on the sensing element 
which will in turn generate an electrical output. (2). Polarized ferroelectric 
ceramics exhibit a pyroelectric effect in which an electrical output is gener­
ated by the ceramic when it is subjected to temperature transients. Usually 
these effects will not interfere with measurements but where low frequency 
or low level accelerations are being measured these effects must be taken into 
consideration. In conditions where temperature transients cause complica­
tions they may be eliminated or reduced by: 

1. Selecting accelerometers having low temperature transient sensitiv­
ities. 

2. Shielding the accelerometer so as to reduce the temperature variations 
at the accelerometer. 

4.8.2. Acoustic Noise 

Effects due to acoustical excitation are unavoidable with piezoelectric 
accelerometers, but this is reduced by careful design. Most accelerometers 
are of rigid, mechanically isolated construction and pressure variations in 
the air will have little effect on the force transmitted to the piezoelectric 
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 how­
ever, care must be exercised in..__order to obtain correct results. Acoustic 
sensitivity is quoted under the specifications for individual accelerometers. 
(Chapter 11). 
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4.8.3. Humidity 

To eliminate the risk of inferior performance in moist atmospheres or in 
environmental test chambers where heavy condensation may take place, 
accelerometers are sealed against entry of water. When an accelerometer is 
used for measurement in liquids or in very moist environments it is 
necessary also to seal the cable entry. (Ref. Section 6.6). Apart from these 
precautions to exclude water from the interior of the accelerometer there 
are generally no problems with operation in a wet or humid environment. 

4.8.4. Base Strain 

When an accelerometer is mounted to the surface of a structure that is 
undergoing strain variations, an output will be generated by the accelerome­
ter as a result of the strain being transmitted to the sensing element. The 
base strain sensitivity is usually specified for individual accelerometers in 
g/JJ. strain. 

Generally accelerometers are designed with thick bases so as to reduce 
base strain effects. Further reduction in base strain sensitivity is achieved 
from I.C.M. designed and shear designed accelerometers. Also in some 
B & K types (i.e. 8304 and 8305) a Beryllium disc is used between the 
piezoelectric discs and the housing to increase isolation. 

4.8.5. Magnetic Fields 

The magnetic sensitivity of piezoelectric accelerometers is normally very 
low. For different B & K types it is less than 0.1 to 0.3 g per kGauss for 
the least fav_ourable orientation of the accelerometer in the magnetic field. 

4.8.6. Radiation Effects 

All the accelerometers (except 8306) can be used under heavy X-rays 
( 10- 100 k Rad/h) and up to accumulated doses of several M Rad without 
important changes in performance. 4345 can be used under radiation of 
'Y rays and neutrons at least up to accumulated doses of hundreds of M Rads 
and 1018-1019 thermal neutrons per cm2. (Dose rates: approx 1 MRad/h, 
1 o1 2 n/cm 2 /s). 
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5. CALIBRATION 

5.1. CALIBRATION METHODS 

The calibration of an accelerometer is primarily based on obtaining the 
accelerometer sensitivity. Once this has been determined, by varying differ­
ent parameters and possibly using the same calibration system, the frequen­
cy response, temperature response and amplitude linearity may be obtained. 

Some of the more commonly used calibration methods are outlined 
below. 

5.1. 1. Comparison Method 

In the comparison calibration method the unknown accelerometer is 
mounted as close as possible (e.g. back to back) to a reference standard 
accelerometer on a carefully controlled vibration generator. The sensitivity 
of the unknown accelerometer is obtained by comparing the outputs of the 
two accelerometers. Accuracies better than 2% may be obtained by careful 
application of this method. 

5.1.2. Absolute Methods 

Two rr . t hods have been used extensively: The reciprocity method and 
the interference method, especially by the use of lasers. The accuracy of 
both methoos is about ± 0.5%. The reciprocity calibration method is based 
on the principle that reciprocal correspondence exists between input and 
output of transducers which are reversible, passive and linear. The reciproci­
ty calibration employs two reciprocal transducers (e.g. a piezoelectric 
accelerometer and a velocity coil) and an exciter. The exciter is used to 
determine the sensitivity ratio, and by using one of the transducers (e.g. the 
velocity coil) as driver the product of the two sensitivities can be deter­
mined. From R = S1 /S2 and P = S1 • S2 the sensitivities S1 and s2 can be 
calculated. In general complex calculations have to be used, but in a limited 
frequency range the calculus can be simplified. For full calibration proce-
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dure using this method refer to the 8 & K Instructions and Applications 
manual for the Accelerometer Calibrator Type 4291. The procedure is 
rather time-consuming even in its most simple form. 

The laser interferometry method is based on the theory of the Michelson 
interferometer. The laser beam is divided in two parts, one is reflected by a 
fixed mirror, the other by a reflecting surface on the transducer or on the 
structure to which it is attached. 

The combination of the two beams will shift between maximum and 
minimum intensity each time the path length difference is changed by half a 
wavelength. The number of changes per vibration period can be counted and 
gives directly the vibration-amplitude. The method is well suited for rapid 
and accurate calibrations. For a detailed discussion on this method refer to 
8 & K Technical Review 1971 No. 1. 

5.2. FACTORY CALIBRATION 

The following section applies in general to all 8 & K accelerometers 
except for Type 8305. The differences in factory calibration for this type 
are outlined in Section 5.3. 

Each individual accelerometer has before leaving the factory undergone a 
very thorough aging, testing and calibration procedure to ensure the user a 
high quality product. A typical calibration chart as supplied with each 
accelerometer is shown in Fig.5.1. 
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Fig.5.1. A typical calibration chart . 
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5.2.1. Cable Capacitance 

The connecting cable supplied with the accelerometer is that used for its 
voltage sensitivity calibration. When other cables are used, the change in 
cable capacitance must be taken into account, as this influences the effec­
tive voltage sensitivity of the acc~lerometer. To find the capacitance of the 
accelerometer alone, deduct the cable capacitance from the capacitance 
(including cable) given on the calibration chart. The standard length of cable 
included is 1.2 m (4ft.). The capacitance of the 1.2 m cable is around 
105 pF, but the individual value is given on the calibration chart, as well as 
on the cable. 

5.2.2. Voltage Sensitivity 

The voltage sensitivity of the accelerometers with connecting cable is 
determined at a frequency of 50 or 160Hz and at room temperature (appr. 
20°C). Fig.5.2 shows the instrumentation employed. 
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Fig.5.2. Set-up used for sensitivity calibration of the accelerometers 



The shaker providing the mechanical excitation is mounted on a large 
steel block which is supported on rubber dampers, the whole assembly has 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 to back mounting as shown in 
Fig.5.2. The standard is frequently checked with a microscope to measure 
the displacement amplitude directly, or recalibration is made by the laser­
interferometry method. 

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

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

5.2.3. 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.5.2, and the 
accuracy of the calibration is the same as before. The charge sensitivity is 
expressed in pico-Coulomb/g and is independent of the capacitive loading 
on the accelerometer. 

5.2.4. Capacitance 

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

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

where 

scharge 

scharge 

svoltage 

Ca = accelerometer capacitance and Cc = cable capacitance 
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5.2.5. Transverse Sensitivity 

In the factory calibration the transverse sensitivity is measured at approx­
imately 30Hz on a rotating table (Fig.5.3) whose motion along a horizontal 
axis is more than 1000 times-larger than the-mo-t1on in the vertical direction. 

272220 

Fig.5.3. Part of the arrangement for obtaining transverse sensitivity 

The accelerometer is first mounted with its main axis parallel to the 
direction of motion of the table (horizontal) and the deflection on the 
meter is adjusted to a reference mark ( 1 00%). Then the accelerometer is 
mounted with its main axis vertical and the table is rotated slowly about a 
vertical axis. The meter is set to indicate full scale deflection for 10% 
transverse sensitivity and the maximum value is noted. The direction of the 
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mmtmum (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
ity coinciding with the direction of the cross motion. 

Fig.5.4. Chart for finding transverse sensitivity in any direction, when maxi­
mum value is given 

If it is desired to find the transverse sensitivity in any particular direction 
use may be made of Fig.5.4 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. (3.4% 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.5.5 gives a typical sensitivity pattern as recorded with a 
B & K Level Recorder Type 2305. 
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Fig.5.5. Typical transverse sensitivity curve for an accelerometer 

5.2.6. Undamped Natural Frequency 

The undamped natural frequency is the frequency at which the motion 
of the seismic mass element lags goo behind the motion of the accelerome­
ter 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 goo 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. 
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The mounted resonance frequency is the frequency at which the sensitiv­
ity of the pick-up is a maximum when mounted on a stainless steel block of 
approximately 180 grams. The block has a built-in accelerometer and is 
driven by a coil. A compressor circuit maintains the acceleration constant 
thus making the impedance of the block much higher than the actual weight 
implies. In practice one considers the mounted resonance as given on the 
calibration chart as being more useful than the undamped natural frequen­
cy. The mounted resonance will depend upon the mass of the structure on 
which the accelerometer is mounted, and upon the compliance of the con­
tact 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 lim it. In practice the mount­
ing will generally be less effective and a lower resonance frequency is obtain­
ed. See "Mounting Methods" section 6.2. 

5.2. 7. Frequency Response Curve 

An individual frequency response curve is supplied with each accelerome­
ter except 8309. This is taken with the transducer mounted on a steel block 
of weight 180 grams with a plane mounting surface. 

The set-up for measuring the frequency response is shown in Fig.5.6. 
This consists of the Calibration Exciter Type 4290 (a small electrodynamic 
shaker) with a built-in accurately calibrated control accelerometer. With the 
test accelerometer mounted on the shaker the frequency is swept from 

Test Accelerometer 

Measuring Amplifier 
2600/07/08 

Preamp Calibration 

2623 
Exciter 4290 

Measuring Amplifier 
2606/07/08 :e_: -• · 

Mechanical Drive 

Level Recorder 
2305 

27158~ 

Fig.5.6. Set-up for measuring frequency response 
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200- 50,000 Hz while the acceleration is kept constant by using the con­
trol accelerometer in a feedback loop. The resulting frequency response is 
plotted using a Level Recorder Type 2305. 

In practice, a frequency response similar to that of the calibration chart 
is to be expected from the accelerometer provided the method of fixing to 
the vibrating specimen is satisfactory. It is generally accepted that the piezo­
electric transducer may be used for frequencies up to about 1/3 of the 
resonance frequency shown by this curve for less than 1 dB (12.?>/o) error, 
or to 1/5 of the resonance frequency for less than 0.5 dB (5.9%) error, but 
poor mounting methods will lower the resonance frequency and therefore 
also lower the upper frequency limit of the operating range. 

5.2.8. Temperature Sensitivity 

Changes in accelerometer capacitance, charge sensitivity and voltage 
sensitivity with temperature are given 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 measurement 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 acceler­
ometer with the cable supplied (for a capacitive loading of about 105 pF). 
Any change in loading capacitance will change the voltage sensitivity 
variation with temperature. By loading the accelerometer with a capacitor it 
is therefore possible to optimize the voltage sensitivity over a required 
temperature range. 

The leakage resistance may also vary and alter the low frequency 
response when the accelerometer is used as a voltage generator. This effect 
is, however, negligible for the B & K accelerometers which are recommend­
ed for use with voltage preamplifiers, since the leakage resistance is larger 
than 20,000 n for all temperatures in the operating range. 

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

Considering the accelerometer as a charge generator it can be seen from 
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Fig.5.7 that the voltage sensitivity at any temperature with any amount of 
cable capacitance 

- Qt -c;-
voltage sensitivity at temperature t 
charge sensitivity at temperature t 
total capacitance 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, Section 1 0.2. 

Current 
jtuQt 

Accelerometer Cable Preamplifier 

a) 

jwOt 
Ct 

b) 
265722.. 

Fig.5.7. a) Equivalent circuit for accelerometer and preamplifier input 
b) The same circuit simplified for normal operating frequency 
range 

Ct is also easily found when the capacitance external to the accelerome­
ter is known. The increase in accelerometer capacitance with temperature is 
given on the calibration chart, as well as the capacitance at room tempera­
ture. 

Therefore 
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Then we have 
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Example: 

charge sensitivity at room temperature 
charge sensitivity factor 
capacitance of accelerometer plus associated cable ( 1.2 m) 
at room temperature 
capacitance factor 
total capacitance external to the accelerometer 
(long cable plus· preamplifier) 
capacitance of accelerometer cable used during factory 
calibration (1.2 m) 

!50000 100000 j --· ,.., .. 
Fig.5.8. Calibration chart 

What is the voltage sensitivity of the accelerometer Type 4334, Serial 
No. 117762 at a temperature of 250°C and with a total external capacity 
(long cable plus preamplifier) of 1000 pF. 

Solution: 

From the calibration chart (Fig.5.8) we find 

0 0 51.2 pC/g 
K0 2.5 dB= 1.33 
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Ca 1020 pF 
Kc 4.5 dB= 1.68 
Cc 106 pF 

Then the voltage sensitivity at 250°C 

E 51.2 X 1.33 
250 = 1020 X 1.68 + 1000-106 

0.026 v /g 

E250 = 26 mV /g 

5.3. FACTORY CALIBRATION OF TYPE 8305 and 3506 SET 

The Standard Accelerometer Type 8305 has been designed especially for 
comparison calibration of unknown accelerometers. Each accelerometer 
therefore undergoes an extremely accurate calibration process for charge 
sensitivity using the laser interferometer method. The total error in calibra­
tion is verified to be below 0.5%. No voltage sensitivity calibration is made 
as this accelerometer is not recommended for use with voltage preamplifiers. 
A special calibration procedure is used to obtain the frequency resp~nse of 
the 8305, so as to give the user as much information as possible. The set-up 
is shown in Fig.5.9. 

The Standard Accelerometer Type 8305 with a load and a Miniature 
Accelerometer Type 4344 attached to the top, is mounted on the shaker. 

Beat Frequency 
Oscillator 

Power Amplifier 

~ - .. 

271632 

Fig.5.9. Set-up for obtaining frequency response of the 8305 Accelerome­
ter 
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The 4344 has a high resonant frequency (75kHz) and is used in the com­
pressor loop to keep the acceleration of the load constant in the range 
200 - 1 0,000 Hz. 

The two upper curves on the calibration chart (Fig.5.10) are taken with 
two different total loads (3 and 40 grams). The total paper width cor­
responds to 5 dB giving a resolution of 0.5%. The third curve (paper width 
"'37.5 dB) is taken with a 20 gram load and shows the actual resonance 
peak. 

llrUol. Kjllf 

CERTIFICATE cf CALIBRATION 
AblotniCI'ilntion by a.-........... 

(l ........ f ....... """"CUi"l 

St.ndard ~ Typei305S Serif~~ No. 3Hl75 

R•fw- s.n.itiWtyt~180Ht endiR0C - (IU liCit 

-~ 
. n.-~:..~:-..:.: .. -_:.:.tlme- . 
~~~T- 4e0t-wltlo o ._. _.... .., ...... 
, _____ _ 

---.. ... ,, .. 
--74& .. 

(a) 

llrUol. Kjllf 

CERTIFICATE of CALIBRATION 
AMDiuM c.~--.. by a.--1~ 

Acalerom.ttr c.tibrltion Stt 

Type3506 »'-'No. 

t.,.Xll Soriiiiii "'-. ,.~#.'U- .. r,. a:a s s-... Ho . .Jf.l.¥.a:.K 

s.n.itivifY t1 1110 Hrend ~J.. OC: 1000 ml/ft ••ttl ''StntitMty'' ll;nobs 

lf\pollt~l,!l.f! .. IIC/tlnd "l/olt/tOut- kl10blnpotlliOn 0.011/oh/g, 

Volt/I'OU'I 

($em. l - 11 pCft) 

(b) 271640 

Fig.5. 10. Typical calibration certificate as supplied with Accelerometer 
T_vpe 8305 and Calibration Set Type 3506 

The reason for the different resonances, obtained with different loads, is 
that there are two resonances interacting and partly compensating each 
other. The one is the 8305 accelerometer resonance while the other is the 
resonance occuring between the accelerometer and the attached load due to 
the finite mounting stiffness. 

The standard Calibration Set Type 3506 consisting of a Standard 
Accelerometer Type 8305 and a Conditioning Amplifier Type 2626, is 
calibrated as an integral unit in the Briiel & Kjrer calibration laboratory by 
the laser interference method, giving a maximum probable error within 
± 0.5%. The precision voltage dividers used for signal conditioning within 
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the Charge Amplifier 2626 have a tolerance of ± 0.1%. The distortion at 
normal calibration levels and frequencies is below 0.1% and the wide band 
noise referred to input is below an equivalent of 0.005 g (with 2626 in 
position 0.01 V /g). 

A certificate of calibration is included in the system quoting the 
conditions under which the calibration has been carried out and giving 
percentage deviation from the stated data for other settings of the output 
knob on the 2626. Fig.5.1 0 shows a typical calibration certificate for 
the 3506. 

A factory recalibration service is available for subsequent calibration 
checks on the 8305 and 3506 or other units. The laser interference method 
is used and a new calibration certificate issued. 

5.4. CALIBRATION EQUIPMENT 

A number of different instruments are available from 8 & K ·for 
( 1) Recalibration of accelerometers in the laboratory or in the field prior to 
the start of extensive tests, (2) Calibrating a special measuring arrangement 
or a tape recording. 

5.4.1. Accelerometer Calibrator and Preamplifier Type 4292 

Ac;celerometer c.:.Gbrotor ond. 
Pr .. fier Ty~ <4292 .... 

Fig.5. 11. Photograph of Accelerometer Calibrator and Preamplifier 
Type4292 
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The Type 4292 has a small built-in vibrator driven by a 79.6 Hz Wien 
bridge oscillator, see Fig.5.11. 

The electromechanical circuit of the vibration is tuned in resonance with 
the oscillator, by means of a knob, and the amplitude is adjusted until its 
peak acceleration level corresponds to 1 g. The calibration accuracy is better 
than 1 OOAI. 

The 4292 is powered from the PREAMPLIFIER INPUT socket of a 
8 & K Measuring Amplifier. 

5.4.2. Accelerometer Calibrator Type 4291 

Accelerometer C1librator 

• I -·tP. .... j Type 4291 

+ 
Bnlel & Kjzr c_.,.,. 

Fig.5.12. Photograph of the Accelerometer Calibrator Type 4291 

The Type 4291 Calibrator is shown in Fig.5.12 and is considerably more 
sophisticated in its construction. Here the peak acceleration level of 1 g can 
be read conveniently and accurately on a built-in meter, and the vibration 
frequency is 79.6 Hz, controlled by an internal Wien bridge type of 
oscillator. The accuracy of the calibration will, when this calibrator is 
correctly used, be better than ± 2%. The built-in oscillator can be 
substituted by an external generator for calibration in the frequency range 
50 to 2,000 Hz. Provision is also made for back-to-back calibration of trans­
ducers, and reciprocity calibration. 
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The Type 4291 can be powered, either from internal batteries or from an 
external 28 Volts DC source. 

5.4.3. Calibration Exciter Type 4290 

This calibrator has been designed basically to check the frequency 
response of accelerometers in the frequency range 50 Hz to 30kHz, utiliz­
ing a measuring and control arrangement of the type shown in Fig.5.13. It 
may also be used for sensitivity calibration by the substitution method. The 
maximum attainable acceleration level is, however, relatively low 
(0.1 - 1 g). The Calibration Exciter is shown in Fig.5.14. 
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Fig.5.13. Set-up for obtaining the frequency response of accelerometers 
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Fig.5. 14. Photograph of the Calibration Exciter Type 4290 

5.4.4. Calibration Head Type 4815 

A special calibration head, with minimum cross-axial motion, is available 
for the B & K 100 lb force (4801) vibration exciters (Fig.5.15). The head 
has a built-in Standard Accelerometer Type 8305 for the purpose of com­
parison. Accurate accelerometer calibration is possible at acceleration levels 
up tO\ 100 g over a frequency range of 5Hz to 10kHz. This allows calibra­
tion of most accelerometers at their usual service acceleration levels. 

Fig.5. 15. Photograph of Calibration Head 4815 

5.4.5. Sensitivity Comparator Type 2970 

The Type 2970 facilitates rapid comparison calibration of accelerometers 
in conjunction with a pair of Conditioning Amplifiers. A set-up is shown in 
in Fig.5.16. 
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Exciter Control 1 026 
Conditioning Sensitivity Calibration 
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Power Amplifier 2707 Level Recorder 2305 

171373 

Fig.5.16. Set-up for comparison calibration of accelerometers using the 
Sensitivity Comparator Type 2970 

The basic circuit of the 2970 is a summation amplifier which can be 
balanced by two equal and opposite inputs. The gain of the conditioning 
amplifier in the unknown accelerometer I ine is adjusted to achieve the 
balance condition, which is indicated by minimum deflection on the built-in 
meter. The actual sensitivity of the unknown accelerometer can be read 
directly on the conditioning amplifier in the unknown line. 

5.4.6. Standard Accelerometer Type 8305 

This accelerometer (Fig.5.17) has been designed especially to allow 
calibration of accelerometers by the back to back method where the 
sensitivity ·of the investigated accelerometer is compared with that of the 
reference accelerometer. Full details for this accelerometer are given in 
Section 11.9. 

Fig.5. 17. Photograph of the Standard Accelerometer 8305 
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5.4.7. Insert Voltage Adapter UA 0322 

The Insert Voltage Adapter (Fig.5.18) is used for determining the open 
circuit sensitivity of an accelerometer. The open circuit output voltage of 
the accelerometer is the voltage which appears at its term ina Is when it is 
working at an effectively infinite impedance. In the Insert Voltage Method, 
the voltage which is normally supplied by the mechanical movement of the 
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 to a computer input. In a 
complicated 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. 

Gen~~ 
Input 

271440 

Fig.5.18. The Insert Voltage Adapter UA 0322 and schematic drawing 

A typical set-up for obtaining the Insert Voltage is shown in Fig.5.19 and 
the function of the adapter is shown schematically in Fig.5.20. 

The calibration is performed as follows: 

1. Put the switch in position 1. 
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2. Adjust the output of the oscillator in order to get a suitable accelera­
tion level. 

3. Read the level V 1 in mV RMS from the Measuring Amplifier (1 ). 

Beat Frequency Oscillator 

1022/1017 

• = . ~ ": 

~-:; • . 

• 
_., 

• e ·~ ~ 0 

• • ·•· @ 

!;~· • • • 

Vibration Exciter 

Measuring Amplifier 

Preamplifier 

Fig.5.19. Set-up for insert voltage calibration 

Generator 

I 
I 
I 

__ J 

Insert Voltage 

(3) 

(2) 

(1) 

271577 

Pream­
plifier 

Fig.5:2o. Schematic diagram of Adapter VA 0322 and related instruments 
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4. Read the level V2 in mV RMS from the Measuring Amplifier {2). 

5. Put the switch in position 2. 

6. Adjust the output of the Oscillator until the same voltage is obtained 
on the Measuring Amplifier {2) as in 4 above. 

7. Read the insert voltage V3 in mV RMS from the Measuring Ampli­
fier {3). 

Since the sensitivity of the reference accelerometer is known the 
reference acceleration level a0 can be calculated. Then the open circuit 
Voltage Sensitivity S

0 
is given by 

v 
S

0 
=-3-mV/g 

ao 

Note that the open circuit voltage sensitivity obtained in this manner is 
referred to the "Ace" input socket of the Adapter, i.e. to the accelerometer 
plus the cable between the accelerometer and the Adapter. Normally the 
open circuit voltage sensitivity of the accelerometer· alone is not required 
since the same cable set-up will be used in any subsequent calibrations 
performed with the Adapter. If the open circuit voltage sensitivity of the 
accelerometer Sa is required it can be obtained from the following equation: 

c. 
I 
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So {Ca + Cc + Ci) 
ca 

Capacitance of the accelerometer 
Capacitance of the cable between the accelerometer and 
the Adapter (capacitance of the cable sup pi ied is approx. 
9pF) 
Input capacitance of the Adapter {approx. 3 pF). 



6. MOUNTING 

6.1. PHYSICAL DIMENSIONS 

It is generally true thc;~t an accelerometer should be as I ight as possible in 
order not to influence the vibration of the specimen on which it is mounted. 

This requirement originates from the fact that any "extra" load will 
change the original motion of the structure and thus invalidate the measure­
ment results. If measurements are made on thin plates use should therefore 
be made of small, lightweight accelerometers. To estimate the influence of 
accelerometer mass-loading, the following formula can be applied: 

ar 

where ar 
as 
ms 

rna 

a ms 
s ms +rna 

acceleration response of the structure with accelerometer 
acceleration response of structure without accelerometer 
equivalent mass (weight) of that "part" of the structure to 
which the accelerometer is attached 
accelerometer mass (weight). 

Also, the mass-loading may change the resonance frequencies of the 
structure, according to the following formula 

where f
5 

and fr are the resonant frequencies of the structure respectively 
before and after the accelerometer is added. 

Thus any mass added to a vibrating structure will influence the vibration 
to some extent, but provided the added mass is small compared with the 
mass of the structure the effect on the structure motion is not significant 
and the apparent weight of the accelerometer can be ignored. 

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 losing too much of the 
sensitivity. For many applications it is also important that any strain 
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developed in the material on which the accelerometer is fixed is not trans­
mitted to the piezoelectric element as this would show up in the output 
signal, indicating an acceleration which actually is not present. It is there­
fore necessary to make the accelerometer base thick in order to isolate the 
piezoelectric disc from such strain. The requirements of high sensitivity, and 
low strain sensitivity are in conflict with requirements for small physical 
dimensions, weight, and good high frequency response, so that for some 
set-ups some compromise may be necessary. 

6.2. MOUNTING METHODS 

A proper mounting of the accelerometer to 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 most 
rigid 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 mount­
ing. 

Probes 

® ® 

Fig.6. 1. Different ways of mounting the accelerometer 
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The possible ways of applying the accelerometer to the vibrating 
specimen are depicted in Fig.6.1. Note it is not possible to use methods 2, 3 
and 5 with Accelerometer Types 4344 and 8303. It is only possible to use 
method 6 with the 8307 and method 1 with the 8309 (M5 stud). 

Type 1 mounting is the best sol uti on for optimum frequency response 
approaching 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 stiff­
ness. It is essential whenever using a mounting screw, not to screw it fully 
into the accelerometer as it may introduce base bending affecting the 
sensitivity of the accelerometer. 

Type 2 mounting is convenient when electrical isolation between acceler­
ometer 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). 

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 100 g and 200 g for the large and small accelerome­
ters respectively. The magnet attachment can be used at temperatures up to 
150°C. 

Holding 
force 

Kg 
12 

10 

8 

4 

2 

Holding force v. steel plate 
thickness 

\, Holding force versus thickness , ___..-
', of brass plate 

............ _ 
---

1 2 3 4 5 6 7 8 9 10 mm Thickness of steel 
0.1 0.20.30.40.50.60.7080.9 1 mm Thickness of brass 

264575 

Fig.6.2. Holding force of the mounting magnet versus thickness of steel 
plate and versus thickness of intermediate brass plate 
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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.6.2. 

Type 4 mounting is convenient when a cementing technique is appro-. 
priate, with the possibility of removing the accelerometer from time to 
time. 

Type 5 mounting employs the probe with interchangeable round and 
pointe~ tips. The method may be convenient for certain applications, but 
should not be used for frequencies much higher than 1000Hz, since the 
natural resonance frequency in this case is very low. In general, this method 
of mounting should not be used unless no rigid mounting is practical. 

Type 6 mounting employs a thin layer of wax for sticking the acceler­
ometer onto the vibrating surface. The wax delivered with the Accelerome­
ter Sets is ordinary bees wax. A frequency response curve is given in Fig.6.3. 
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. Double sided tape is supplied with the 8306 accelerometer since 
its low frequency range makes this type of mounting possible. 

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

For minimum weight and optimum performance recommended cements 
are the Eastman 910 cement, marketed by the Armstrong Industry, or Tiox 
K-1 manufactured by Tiox-Tinten und Klebstoffwerk G.m.b.H., Vienna, or 
Cyanolit 201 + 202 manufactured by 3 M. Dental cement epoxy resins are 
also very useful, especially in connection with the cementing stud which is 
intended for use in applications where cementing is preferred, while retain­
ing the possibility of removing the accelerometer itself. 

Fig.6.3 shows some frequency response curves obtained for the various 
methods of mounting. The curves may serve as guide-lines when selecting 
the most convenient mounting type for a particular measurement problem. 

In concluding the discussion on accelerometer mounting technique it 
should be mentioned that the mounting torque for 10-32 NF threaded 
screws should be around 18 kgcm or 15 lbin. The accelerometers are not 
harmed by a larger torque, but the isolated stud may not stand more than 
20 lb in (24 kg em). A mounting torque, of the correct value is applied with a 
10 em (4") spanner with normal pressure on the handle. A 15 em (6") or 
larger spanner should be used with care. If a smaller spanner is used,one can-
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not do any harm to the thread, but the accelerometer may not be sufficiently 
secured. For the miniature accelerometers utilizing M3 studs a maximum 
torque of 5 lb in (6 kg em) is recommended. 
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Fig.6.3. Typical frequency response curves for an accelerometer Type 4339 
mounted by some of the methods suggested in Fig. 6.1 
a) Steel stud, b) Isolated stud, c) Permanent magnet, d) Hand held 
with probe, e) Wax, f) Soft glue (not recommended) 
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6.3. MOUNTING THREAD 

All B & K accelerometers have 1 0-32 N F mounting thread except for 
1) the miniature accelerometers which have M3 mounting threads 
2) the 8307 which is intended for wax or cement mounting 
3) the 8309 which has an integral M5 stud 

If a metric thread is preferred to 10-32 NF thread, the thread may easily 
be changed to 5 mm by using a M 5 x 0.8 standard hand tap with flat tip. 
The M 5 x 0.8 thread is very close to the 10-32 NF thread in dimensions, 
the diameter being 5 mm (0.197") compared with the 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 M 5 x 0.8. 

6.4. NOISE AND CABLE WHIP 

Because piezoelectric accelerometers are high impedance devices certain 
problems may arise from connecting cable noise. This noise, due to "tribe­
electric effects", can originate from mechanical motion of the cable. It 
originates from local capacitance and charge changes due to dynamic 
bending or compression and tension of the cable, and may be particularly 
disturbing at lower frequencies. The B & K accelerometer cables are 
designed and treated for noiseless operation. It is, however, always good 
policy to clamp the cables as firmly as possible in order to avoid relative 
movement, as shown in Fig.6.4. 

Correct The cable should leave the spec imen 
at the po int of lowest vibration 

Wax, tape, epoxy or other type of clamping 271306 

Fig.6.4. Clamping of cable to the vibrating specimen 

Of course many applications do not allow such an arrangement. On very 
hot surfaces an accelerometer with top mounting of the cable should be 
used and the cable taken away from the measuring point as soon as possible. 
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Cable whip occurs when the cable is not sufficiently well clamped, near 
the accelerometer. The cable may then introduce deformation in the 
accelerometer through the plug. This is especially pronounced with 
peripheral mounted accelerometers at low frequencies. 

6.5. GROUND LOOP 

Another noise effect may be induced due to ground loops which may 
sometimes pose serious problems, particularly in large vibration measure­
ment installations. Fig.6.5 illustrates how a ground loop is formed, and 
noise introduced (the voltage drop, 6 V adds directly to the, sometimes very 
weak, signal from the accelerometer). The only way to avoid the formation 
of ground loops is to ensure that grounding of the installation is made only 
in one point, Fig.6.5 (b). Where ground loops could exist the accelerometer 

Preamp I ifier 

Preamplifier 

Frequency 

Analyzer 

.. : •.. 
·.oM.·-· 2120 

Frequency 
Analyzer 

2120 

Fig.6.5. Illustration of ground-loop phenomena 

171372 

a) Incorrect 
Grounding 

b) Correct 
Grounding 

a) This method of connection forms ground loop and should be 
avoided 
b) No ground loop is formed. Recommended method of connec­
tion 
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should be electrically isolated from the structure on which it is mounted by 
means of the isolated stud and mica washer (Type2 mounting, Fig.6.1). 
Grounding should preferably be made at the analysing or read-out device. 

6.6. SEALING 

If measurements are to be made in liquids or in very moist environments, 
it is necessary to seal the cable entry into the accelerometer as shown in 
Fig.6.6. A good sealant for the cable entry is for example Dow Corning 
Silastic RTV 731 (room temperature vulcanizing silicon rubber) or General 
Electric equivalent. 

271307 

Fig.6. 6. Sealing of the accelerometer cable entry 

These sealants show excellent performance for a wide temperature range 
-70°C to+ 260°C (-100°F to+ 500°F). 

6.7. COOLING 

When the accelerometers are to be fixed on surfaces with temperatures 
exceeding the recommended limit for the accelerometer, it is possible to 
reduce the temperature of the accelerometer base by inserting a cooling 
plate between the base and the measuring surface. When a mica washer is 
used between the mounting surface and the cooling plate, temperatures up 
to 350- 400°C may be measured on the mounting surface with less than 
250°C in the accelerometer base. By directing a stream of air across the 
surface higher surface temperatures can be tolerated. The set-up is shown in 
Fig.6.7. 

Water cooling, by passing water through the base of the accelerometer, 
however, is a more efficient method of cooling. Some B & K accelerometers 
(see specifications Chapter 11) have provision for water cooling, whereby 
measurements can be carried out on surfaces with a temperature up to at 
least 1 ,000°C ( 1 ,8QQOF). 
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Aluminium 

Air~ fcreen 
m;///mm~qT/7777777 

266122. 

Fig.6.7. Forced air cooling of an accelerometer 

Two short tubes delivered with the accelerometer are screwed into the 
accelerometer. Silicone rubber tubing is then used for connection to a water 
supply. Water consumption may be from 1 to 20 litres (0.25 to 5 gallons) 
per hour. 

For higher temperatures, or where cooling is not possible the "High 
Temperature Accelerometer" Type 4345 may be used. This accelerometer 
has a maximum working temperature of 400°C (752°F). 

For high temperature measurements special cables should be used. Teflon 
insulated cable AO 0038 is rated to 260°C or the 8 & K silver screened 
cable AO 0500 is rated to 400°C, see "Accessories" Chapter 8. 
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7. PREAMPLIFIERS 

When measuring vibration by means of an accelerometer it is necessary to 
incorporate a preamplifier between this and the measuring amplifier. The 
preamplifier is introduced in the measuring circuit for two reasons: 

1) to transform the high output impedance of the accelerometer into a 
lower value and 2) to amplify the relatively weak output signal from the 
accelerometer. The signal from the piezoelectric accelerometer appears as a 
voltage across a capacitive impedance. This voltage is proportional to the 
acceleration to which the accelerometer is exposed. 

As the capacitive output impedance of the accelerometer is very high the 
associated preamplifier must be of a special design having a high input 
impedance. This is necessary in order to avoid loading of the accelerometer 
and thereby obtaining decreased sensitivity and limitation at the low end of 
the frequency range. 

Preamplifiers are designed according to two different amplifier principles 
1) the voltage preamplifier and 2) the charge preamplifier. The output signal 
of the voltage preamplifier is directly proportional to the input voltage 
whereas the output signal of the charge preamplifier is proportional to the 
input charge. 

7.1. 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 can be 
simplified to the form shown in Fig. 7.1. 
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0 charge generated across the accelerometer capacitive 
element 

V 1 voltage generated across accelerometer capacitance 

V 2 voltage at preamplifier input 



271585 

Fig.7.1. Equivalent circuit of accelerometer and preamplifier 

Ca accelerometer internal capacitance 
CL cable capacitance 
Cc preamplifier coupling capacitance 
R preamplifier input resistance 

Assuming a sinusoidal acceleration of angular frequency w we have 

v2 ca 
v, C +C +-1-(Ca+CL +Cc) 

a L j w R Cc 

( 1) 

This shows that when 

_1_(Ca+CL +Cc) ~Ca+CL 
w R Cc 

i.e. when the shunt resistance in the circuit is very high or at high frequen­
cies the output voltage depends only upon the capacitive loading: 

Q 

It is also seen that the output is directly proportional to 

Ca +CL 

This must be taken into account when long accelerometer cables are 
employed. 

From the equation ( 1) it can also be seen that when 

_1_ (Ca +CL +Cc) ~ Ca +CL 
w R Cc 
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i.e. for low frequencies or for low shunt resistance the output is frequency 
dependent. This means that the output falls off at the same rate as the 
frequency at the low frequency end. The corner frequency where the out­
put is 3 dB down is where 

C +C =-1-(Ca+CL+Cc) 
a L w R C 

c 

f = 1 Ca + CL + Cc 
c 27TR (Ca+CL)Cc 

(2) 

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

When using preamplifiers having no coupling capacitor Cc -7 00 then 

The internal resistance of an accelerometer is extremely high, always 
exceeding 20,000 MQ at room temperature ('""' 20°C). The resistance of the 
piezoelectric material is lower at high temperatures but usually still higher 
than 20,000 MQ at 250°C. This large resistance gives a low frequency cut-

1.0 

II v 1---'"~-""~-' 
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loading 1- -- - -- ·- ---- t-
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Fig. 7.2. Chart for finding required input impedance when accelerometer 
capacitance and low frequency cut-off is given 
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off value of 0.008 Hz for the accelerometer alone and thus makes measure­
ment possible down to practically DC with specially designed amplifiers. 
Fig.7.2 gives a chart for finding the lower limiting frequency for a given 
accelerometer and preamplifier. 

Example: 

Find the lower limiting frequency for a 1 dB cut off using an accelerome­
ter with capacitance 1000 pF and cable capacitance 105 pF, and a preampli­
fier with coupling capacitance of 1000 pF and input resistance 2000 MQ. 

Solution: 

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

fRC = 0.3 

0.3 
f -~ 

R = 2ooo x 1 os n 

and from equation (2) 

c (Ca + CL) Cc 
Ca+CL+Cc 

( 1 000 + 1 05) 1 000 
1 000 + 1 05 + 1 000 

0.525 x 10-9 Farads 

thus 

f 
0.3 

(2000 X 1 06) (0.525 X 1 o-9) = 
0·3 Hz 

7.2. CHARGE PREAMPLIFIERS 

The charge preamplifier is gaining vyidespread acceptance mainly because 
of its simplicity of operation. It eliminates the effect of shunt capacitance 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. 

Basically a charge preamplifier consists of a high gain operational ampli­
fier with a feedback capacitor. An equivalent circuit diagram for acceler­
ometer, cable and charge preamplifier is given in Fig.7.3. Cf is the feedback 
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jwQ 

Cj 

2 65716 

Fig.7.3. Equivalent circuit diagram for accelerometer, cable and charge 
amplifier 

capacitor. It is found that the output voltage is 

QA 

Since the open loop gain of the amplifier, A, is very large, then usually 

so the output becomes 

QA 0 
-----~ 

Hence if Cf remains constant, the output is directly proportional to the 
charge appearing across the accelerometer, and the cable capacitance, CL, 
normally has a negligible effect. Only for very long cables where CL 
becomes of the same order as ACf will it affect the gain. When using charge 
amplifiers, the accelerometer low frequency response is determined only by 
the low frequency response of the amplifier. RC time constant considera­
tions do not apply. 

The charge sensitivity of a piezoelectric accelerometer does in general 
change with temperature, but the change is less than the change in voltage 
sensitivity and capacitance. All three quantities are normally supplied as a 
function of temperature on the individual accelerometer calibration chart so 
that corrections can be made accordingly. 
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7.3. EFFECT OF CABLE CAPACITANCE ON SENSITIVITY 

In the discussion on the Voltage Preamplifier, it was seen that output 
voltage of the preamplifier could be appreciably influenced by the variation 
of cable capacitance. When the charge sensitivity of the accelerometer is 
given the easiest way to obtain the voltage sensitivity for any particular 
system is to divide the charge sensitivity by the total shunt capacitance in 
the input circuit, i.e. accelerometer capacitance, cable capacitance and pre­
amplifier input capacitance. 

The capacitance of an accelerometer cable is often about 90 pF/m 
(27 pF /ft). 

Example: 

An accelerometer has a charge sensitivity of 11.18 p Coulomb/g and a 
capacity without cable of 1014 pF. What is the voltage sensitivity with a 
connection cable of 4 m length? Preamplifier input capacitance negligible. 

Solution: 

Cable capacitance 4 x 90 = 360 pF 
Total capacitance 360 + 1014 = 1374 pF 

Voltage sensitivity ~~;: = 0.00816 V/g = 8.16 mV/g 

Procedure in working from the voltage sensitivity is illustrated by a 
second example: 

Figures from the accelerometer calibration chart: 

Voltage sensitivity 20 mV /g 
Capacitance incl. cable 1100 pF 
Cable capacitance 100 pF 

Find the sensitivity with a new cable of capacitance 200 pF. 

Solution: 

Accelerometer capacitance is 1100- 100 = 1000 p F 
New total capacitance is 1000 + 200 = 1200 pF 

T . . . . 1100 8 3 V/ he new sens1t1v1ty will be 20 
1200 

= 1 . m g 
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Fig.7.4. Chart for finding change in accelerometer sensitivity due to long 
connection cables. S/S

0 
is the ratio of the new sensitivity to the 

sensitivity given on the calibration chart (with 1.2 m cable) 

Fig. 7.4 gives a chart for calculating the new sensitivity when long cables 
are used with the accelerometers. When cable of capacitance approximately 
90 pF/m is used, the sensitivity change may be read off directly versus cable 
length. For other types the capacitance should be measured or calculated 
from manufacturer's data. 

7.4. SELECTION OF PREAMPLIFIERS 

The basic differences between charge and voltage preamplifiers are : 

Voltage amplifiers employ a simple impedance conversion in the input 
stage. 

Charge amplifiers employ a certain amount of feedback to compensate 
for capacitive load. 

Voltage amplifiers are thus simple, reliable, low current consumption 
devices. It is important to know the input characteristics well in order to use 
them properly. 

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

It is possible to use long cables with charge amplifiers without reducing 
the sensitivity and necessarily having to recal ibrate the system. 

Charge amplifiers are available with lower limiting frequencies of down 
to 0.003 Hz. This is an advantage when measuring shock pulses, but this 
facility should be used with care as it will introduce low frequency noise, 
due to temperature transients, in a measurement. 

Other considerations to be taken into account are: 

( 1) When using Uni-Gain® accelerometers, fixed gain preamplifiers 
should be chosen. Naturally Uni-Gain® accelerometers designed for 
a standard voltage sensitivity should be used with voltage preamp I i­
fiers and similarly accelerometers designed for a standard charge 
sensitivity should be used with charge preamplifiers. 

(2) Velocity or displacement can be measured when using preamplifiers 
that have built-in integrating networks. 

(3) Wide conditioning possibilities for all accelerometers and measuring 
requirements are available when using conditioning preamplifiers. 

7.5. B & K ACCELEROMETER PREAMPLIFIERS 

7.5.1. Preamplifier Type 2616 

Fig.7.5. Preamplifier Type 2616 
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The Preamplifier Type 2616 is designed for mounting near to the acceler­
ometer thus enabling short cables to be used to the transducer and long 
cables to the indicating instrument. This ensures that noise and loss in the 
cable do not interfere with the measurements when the measuring instru­
ment is a long distance from the accelerometer. A field effect transistor 
(FET) in the input stage assures a high input impedance ( 1200 MQ), wide 
frequency range and low noise. The input is decoupled by a 2000 pF series 
capacitor and the input stage is DC coupled to the second feedback amp I i­
fier stage. 

The equivalent circuit of the preamplifier is shown in Fig.7.6. 

> 1200 Mn 
10 pF 

~------, 

~-----o-1 

- 40 dB 

V {+ 1.5 dB ....__"""T"""__, 
I - 20 dB 

Fig.7.6. Equivalent circuit diagram of Type 2616 

266004 

The maximum output current where clipping occurs is 1 rnA, which gives 
the high frequency limits for different capacitive loads as shown in Fig.7.7. 

The maximum input voltage is 1 V R MS (switch position "0 dB") and 
100 V RMS (switch position "-40 dB"). The gain of the amplifier can be 
switched from 0 dB to -40 dB and a potentiometer attenuates the signal 
over a range of about 20 dB. A peak-indicating overload indicator shows the 
peak value of the input signal for crest factors up to 10 and for frequencies 
higher than 20 Hz and indicates when the amp I ifier is clipping. The output 
impedance is less than 100 Q. The 2616 is powered by 6 Mallory cells 
( 1.35 V each) which are contained in a battery compartment attached to 
the preamplifier (Fig.7.8). 
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Fig.l.l. High frequency limits of Type 2616 for different loads and output 
voltages 

Fig.l.B. Exploded view of the battery compartment in Type 2616 
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Specifications 2616 

Input impedance: 

Input capacitance: 

Max. Input Signal: 

Output Impedance: 

Max. Output Current: 

Output Load Impedance: 

Frequency Range (3 dB limits): 

Noise: 

Harmonic Distortion: 

Gain: 

Rise Time: 

Power Supply: 

Internal Battery Supply: 

Dimensions: 
Height 
Width 

Weight: 

Accessories included: 
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>1.2 Gn 

10 pF 

100 V RMS (in pos. "-40 dB") 

<1oon 

1 rnA 

>1okn 

0.13 Hz to 500kHz (1 nF at input) 

25 J.1V (2 Hz to 40kHz 1 nF at input) 

<1% 

+ 1.5 dB to -20 dB (attenuator on 
OdB) 

1 J.lSeC 

6 to 35 V DC, 3 to 10 rnA or internal 
battery 

six mercury cells 1.35 V Mallory 
RM LR I EC Type MR 7 (B & K part no. 
OB 0007) 

66 mm (2.6 in) 
52 mm (2 in) 

290 g (10.3 oz) 

1 Cable AO 0037 
1 Hexagon Key OA 0013 
6 Batteries OB 0007 



7.5.2. Preamplifier Type 2623 

The Voltage Preamplifier Type 2623 (Fig.7.9) is designed as an imped­
ance transformer having a very high input impedance and a low output 
impedance. This compact, rugged unit operates in extreme dynamic environ­
ments, eliminating the effects of noise and losses in connecting cables and 
permitting the use of readout instrumentation at a considerable distance 
from the measuring point. The Preamplifier is ideal for low level, low 
frequency measurements, yet its dynamic range of 110 dB from 0.1 Hz to 
500kHz also permits measurements at high signal levels. 

Fig.7.9. Preamplifier Type 2623 

Noise due to direct vibration of the unit is not measurable because of 
vibration noise of the connecting cables. The preamplifier can be mounted 
directly onto an accelerometer for which a special adapter is provided, 
or very close to the accelerometer, for which purpose a mounting bracket is 
also provided (Fig. 7.1 0). 

Clamp 

10-32 N F Stud 

265713 < 

Fig. 7. 10. Mounting of the Preamplifier Type 2623 near or on top of the 
accelerometer 
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The 2623 contains a two stage preamplifier, having a gain of unity 
(0 dB). From Fig.7.11, which shows the equivalent circuit of the unit it can 
be seen that the input is led via a 1000 pF capacitor to a very high input 
impedance of more than 2 Gn (2 x 109 D) at room temperature obtained 
by using a field effect transistor. 

1000 pF 

0 I 

tv, > 2000 Mn 3.5 pF Output 

Note : DC potential at output terminals 
267067 

Fig.l. 11. Equivalent circuit diagram of Type 2623 

The input impedance reduces with temperature, but is still greater than 
200 MD at 100°C. Temperature does not affect the gain of the amplifier. 
The input coupling capacitor and the input impedance determine the low 
frequency cut-off and this varies with temperature as shown in Fig.7.12. 
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Fig.7.12. Variation of low frequency cut-off with temperature 



The 2623 requires an external power supply of 28 V DC. Current con­
sumption is 2 mA. When used in conjunction with one of the B & K measur­
ing units, Power Supply Adapter ZR 0024 can be used to supply the 
necessary voltage and provide miniature plug connections. The Modular 
Power Supply Type 2805 can also be used, which can supply up to ten units 
at a time. 

Specifications 2623 

Input Impedance: 

Input Capacitance: 

Max. Input Signal: 

Output Impedance: 

Max. Output Current: 

Output Load Impedance: 

Frequency Range: 

Noise: 

Harmonic Distortion: 

Gain: 

Rise Time: 

Power Supply Required: 

Internal Battery Supply: 

Dimensions: 
Height 
Diameter 

Weight: 

Accessories I ncl ud ed: 

2Gn 

3.5 pF 

7 V RMS 

1 mA 

>5okn 

0.16 Hz to 500kHz (1 nF at input) 

15 JJ.V (2 Hz to 40 kHz) ( 1 nF at input) 

<1% 

0 dB± 0.05 dB 

3 jJ.sec 

28 V DC 2 mA 

None 

45 mm (1.77 in) 
14 mm (0.5 in) 

20.6 gm (0.73 oz) 

1 Adapter UA 0144 
1 Clamp DH 0120 
2 Cables AO 0037 
1 Hexagon Key OA 0013 
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7.5.3. Charge Amplifier Type 2624 

The Charge Amplifier Type 2624 is independent of type and length of 
cable to the accelerometer within wide limits making it especially attractive 
in vibration measurements where cables of different type and length are 
used to the accelerometer. The preamp I ifier also gives the possibility of 
measurements at very low frequencies such as is required for measurement 
of shocks. 

Fig.7.13. Charge Amplifier Type 2624 

The preamplifier contains an input circuit with a field effect transistor 
which gives a high input impedance of more than 10 GQ. See block diagram 
Fig.7.14. The input circuit is followed by a high gain operational amplifier 
and a class B output stage which delivers the relatively high capacitive 
current required by the feedback capacitor Cf at high frequencies. The 
feedback resistor Rf stabilizes the DC level of the amplifier. The output 
voltage is proportional to the charge appearing across the accelerometer. 

The preamplifier is provided with an overload indicator which lights up 
when the dynamic range is exceeded and when the amplifier is blocked due 
to saturation. A reset button is used for recovery of normal working condi­
tions after overload. The output may be scaled to 0.1, 1 or 10 mV /pC giving 
different low frequency I imits. Table 7.1 gives the frequency response of 
the 2624 in the different sensitivity ranges. The values are valid when the 
capacitive load at the .input is negligible. Input and output sockets are 
miniature sockets 10-32 N F, and the preamplifier is completely protected 
against overload and short circuits. 
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Input 
Input 

Circuit 
perational 
Amplifier 

Class B 
Output 

Output 

Feedback Capacitor 

Overload 
Sensor 

Overload 
Indicator 

Fig.7.14. Block diagram of Type 2624 

Sensitivity -3 dB Frequency Range 
mV/pC point, Hz Hz 

0.1 0.003 0.03-30,000 ±1% 
1 0.03 0.3 -30,000 ±1% 

10 0.3 5 -10,000 ±5% 
0.1 0.3 3 -30,000 ±1% 
1 3 30 -10,000 ±1% 

10 30 150 -10,000 ±5% 

Table 7.1. Frequency response for different sensitivity settings 

Specifications 2624 

Input impedance: > 10 GQ (input DC shunt resistance) 

Max. Input Signal: 

168128 

Max. Input Load: 1 J.lF for 1% error (in pos. 0.1 mV /pC) 

Output Impedance: 1 n (1/41oaded, 3-5 n (full load)* 

Max. Output Voltage/Current: ±10V,±10mA 
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Fig.7.15. Distortion limits for Type 2624 for different loads and output 
voltages 

Output Load Impedance: 

Frequency Range: 

Noise: 

Harmonic Distortion: 

Gain: 

Rise Time: 

Overload Recovery Time: 

Power Supply: 

Internal Battery Supply: 

* Charge Input 
** Source Capacitance 
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>1 kn 

0.003 Hz to 100kHz (see Table 7.1 and 
Fig.7.15) 

max. 20 J1.V +max. 10 JJ.V/100 pF** 

<0.5% (no cap. load) 
< 5% (full cap. load) 

0.1- 1- 10 (-20, 0, + 20 dB) 

proportional to pulse height. Typically 
1.8 V /Jl.sec 

~5 msec 

28 V DC, 17 to 40 rnA 

None 



Dimensions: 
Height 
Width 
Depth 

Weight: 

Accessories Included: 

132.6 mm (5.22 in) 
30.3 mm (1.19 in) 
200 mm (7.87 in) 

585 g ( 1. 29 I b) 

2 Cab I es AO 0037 

7.5.4. Vibration Pick-up Pream~Jiifier Type 2625 

The Vibration Pick-up Preamplifier Type 2625 (Fig.7.16) is provided 
with integration networks and is therefore also suitable for the measurement 
of velocity and displacement as well as acceleration. 

Vibrat ion Pick · up Preampl ifier 
Type 2625 

Displacement 
1 Ht- IOOOmm 

3H:r- 100mm 

10Hz-10mm 

Fig.l. 16. Vibration Pick-up Preamplifier Type 2625 

It has three inputs (Miniature Socket Type 10-32 NF). The three input 
sockets are connected to the Selector Switch (see Fig.7.17), which selects 
one of the three inputs and short circuits the other two. It accommodates 
three accelerometers very conveniently, which makes the preamp I ifier 
ideally suited for triaxial measurements. 

The Selector Switch also controls four different gain ranges for the three 
inputs: 1) variable from -40 dB to -20 dB, 2) variable from 0 dB to 20 dB, 
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Selector 
Switch 

Capacitive 
Attenuator Input Stage 

Differential 
Amplifier Output Stage 

Feedback 
Adjustment 

Integration ~- --- -- -----1 

=I ~ ~.:::,~ : T 
0 

Batt. 
0 

Off Off 

> 
Power 

Amplifier 

Fig. 7. 17. Block diagram of Type 2625 

3) fixed at -40 dB, 4) fixed at 0 dB. The signal is fed to the differential 
amplifier and output stage (each of which has feedback adjustment) via the 
field effect transistor input stage (input impedance variable between 
450 MQ and 3 GQ depending on gain setting) and further into the integra­
tion networks. These networks provide for the velocity and displacement 
function. 

The integration networks are passive RC networks with the frequency 
ranges as in Table 7.2. The networks used should be chosen so as to obtain 
the best possible signal to noise ratio by setting the low frequency limit as 
high as possible. 

Frequency Range 
Mode Range Hz 

Vel. 3.16 m/sec 1-4000 
Vel. 0.316 - 10-10,000 
Vel. 0.0316 100-30,000 
Displ. 1000 mm 1-30 
Displ. 100 - 3-100 
Displ. 10 - 10-300 
Displ. 1 - 30-1000 
Displ. 0.1 - 100-3000 
Displ. 0.01 - 300-10,000 

Table 7.2. Frequency ranges of the integration networks 

The low frequency response for different gain settings is shown in 
Fig. 7.18. 

Fig. 7.19 shows the upper frequency response for two different gain and 
four different signal levels. The curves give the response with and without 
the power amplifier. 
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Fig.7.18. Lower frequency response curves of Type 2625 for different 
gain settings 

In the acceleration mode the integration networks are not incorporated. 
The Preamplifier has a Power Supply selector for choice of three sources of 
supply: 1) Power Supply ZR 0024, 2) other external power supply 28 V 
DC, 3) built-in batteries. In the two latter positions the output is taken via 
the built-in power amplifier. 

10kHz 

Gain 20 dB gain 

100 kHz 

- - ---1::::..::: -20 dB 
.... 

10 dB 

- O dB gain 
0 d8J r--- ....... .... .... 

-10 dB 

-20 dB 

--...... -----..... ............... -- ....... 
1', ............... 

......... ....... 

........ 
.... 

-I"" ---
............... ... 

-- ... 
............. 

..... ..... '""' .... .... 
..... .... 

2 

3 

4 
5 

6 

7 

8 

Frequency 
170452 

Fig. 7. 19. Upper frequency response curves of Type 2625. Curve identific­
ation 
Full line curves: response with output amplifier. Dashed curves: 
without output amplifier. Input signal levels: 1 and 2; 
0. 1 V RMS. 3 and 4; 0.5 V RMS. 5 and 6; 1 V RMS. 7 and 8; 
5VRMS 
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When the preamplifier is operated from the ZR 0024 Power Supply the 
maximum output voltage and current available in position Accel. is ± 7 V 
and ± 1 rnA. Fig.7.20 shows the limitation of high frequency performance 
when working with capacitive loads. 

10r--------------r-------------,--------------,-------------, 

C/l 
~ 
~ 2~------------~----------~~~--~~--~--~~--~~~~~ 

~ 
~ 1~-------------r------------~~--~----~--~~~~--~~~ 
0 
> 

1-------------- Limit for 0.5% distortion, ___ __,_ __ _____,.___,--------t""<~____,....----""<:---~ 
:::J 

s no input capacitance 

6 2~-------------r------------~----------__,_--~~--~~____,....--~ 

0.01 L...._ __ _,__ ____ __.__ __ ___.__ __ ---~.. ____ __,__ __ ____. ____ _,___ ____ ...__ __ __.__ __ _,__ ____ _.._ __ __. 

10 2 

Frequency (Hz) 768127 

Fig.7.20. High frequency limits of Type 2625 without output amplifier 
for different loads and output voltages 
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""~ "" 
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Fig.7.21. High frequency limits of Type 2625 with output amplifier for 
different loads and output voltages 

When operated from Ext. Power or Batt. the power amplifier is 
incorporated. This gives a maximum output voltage and current of ± 7 V 
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and ± 2.3 rnA, thus reducing the loading restriction considerably as shown 
in Fig. 7.21. 

Specifications 2625 

Input Impedance: 

Input Capacitance: 

Max. Input Signal: 

Output Impedance: 

Max. Output Voltage/Current: 

Output Load Impedance: 

Frequency Range: 

Noise: 

Harmonic Distortion: 

Gain: 

Power Supply: 

Internal Battery Supply: 

Dimensions: 
Height 
Width 
Depth 

Weight: 

450 Mn to 3 Gn 

14 pF 

± 700 V (in pos. -40 dB) 

<30 Q (Power amplifier) 

± 7 V /± 2.3 rnA (Power amplifier) 

> 1 MQ (In output switch pos. "ZR 0024") 
>3.5 kQ (Power amplifier) 

1Hz to 35kHz (see Figs.7.18 to 7.21 
and Table 7.2) 

< 20 J1V (2 Hz to 40kHz) ( 1 nF at in­
put) 

< 1% (5 V RMS input ace. mode) 

Fixed 0 dB and -40 dB 
Variable 0 to 20 dB 
and -40 dB to -20 dB 

28 V DC either Internal Battery (7 rnA), 
ZR 0024 (2 rnA) or External Power 
Supply (7 rnA) 

Three 9 V batteries I EC Type 6 F 22 
(B & K Type OB 0010) 

132 mm (5.22 in) 
61 mm (2.40 in) 
200 mm (7.87 in) 

820 gm (1.81b) 
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Accessories included: 2 Cables AO 0037 
1 Coaxial Plug JP 0101 

7.5.5. Conditioning Amplifier Type 2626 

Fig~7.22. Conditioning Amplifier 2626 

The Conditioning Amplifier Type 2626 (Fig.7.22) is designed as a charge 
preamplifier. It offers wide conditioning possibilities to different trans­
ducers and measuring requirements. The preamplifier has a 3 digit sensitivity 
adjustment network which enables its sensitivity to be adjusted to the 
particular transducer used. The network is calibrated in pC/g. The preampli­
fier has rated output stepwise adjustable between 1 mV /g and 10 V /g, 
dependent to a certain extent on the sensitivity of the transducer. The 
maximum gain is 60 dB. Adjustable HP and LP filters are included. The 
filter switch scales give 5% as well as the 3 dB frequency limits. 

Fig.7.23 shows the block diagram of the preamplifier. The signal from 
the transducer is fed to the input section of the 2626 which contains an 
amplifier stage with capacitive feedback forming a charge preamplifier. The 
signal goes on to the conditioning section where the sensitivity is adjusted to 
match the transducer and further to a Low Pass filter (2 pole Butterworth) 
and a High Pass filter (single pole) where the upper and lower frequency 
limits of the amplifier are determined. From the filters the signal is fed to an 
output amplifier and further to the output. The signal is available either 
directly coupled or through a transformer (switchable) for floating output. 
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Two neon indicators are connected to the output, one acts as an overload 
indicator, the other indicates when the signal level is less than 20 dB below 
full output. 

Fig.7.23. Block diagram of Type 2626 

Specifications 2626 

Input Impedance: 

Max. Input Signal: 

Output Impedance: 

Max. Output Voltage/Current: 

Output Load Impedance: 

Frequency Range: 

Noise: 

Harmonic Distortion: 

Gain: 

Rise Time: 

Overload Recovery Time: 

> 10 GQ (input DC shunt resistance) 

105 pC 

<1on (Direct) 

±10V,±10mA 

Direct: > 1 kr-2 
Transformer: > 1 kr-2 

0.3 Hz to 100kHz (3 dB) 
1 Hz to 30kHz (5%) 

< 5 pV R MS referred to input 

<1% 

-20 to+ 60 dB 

Proportional to pulse height. 
Typically 5 V l11sec 

200 11sec 
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Power Supply: 

Internal Battery Supply: 

Dimensions: 
Height 
Width 
Depth 

Weight: 

100 to 240 V AC <25 rnA 

None 

132.6 mm (5.22 in) 
69.5 mm (2.75 in) 
200 mm (7.87 in) 

1.75 kg (3.89 lb) 

7.5.6. Low Frequency Charge Amplifier Type 2628 

The LF Charge Amplifier Type 2628 is an impedance converter and 
signal conditioning device for use with piezoelectric force and vibration 
transducers, and is particularly suitable for handling very low frequency and 
quasi-static signals. Depending on the gain setting it has time constants of 
up to 100 000 seconds, which corresponds to a low frequency limit of 
2 t.tHz. 

A three digit "dial-in" sensitivity adjustment feature is incorporated 
which conditions the amplifier to the exact sensitivity of the transducer 
between 1 and 100 pC/unit, the position of the decimal point being auto-

Fig.7.24. Low Frequency Charge Amplifier Type 2628 
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matically indicated by a light emitting diode. This feature greatly simplifies 
the calibration and reading of a measuring system, especially when using 
transducers which have "odd" sensitivity values, i.e. non Uni-gain® types. 

A block diagram of the instrument is shown in Fig.7 .25. The input stage 
uses a MOSFET transistor operating at an extremely low input current to 
secure a satisfactory low frequency response. Stepwise adjustment of the 
stage gain allows the signal output from the instrument to be chosen between 
0.0001 V /unit and 10 V /unit. The time constant of the stage can also be ad­
justed in four steps between 100 000 seconds and 0.05 seconds, corres­
ponding to 3 dB cut off frequencies of 2 t-tHz to 3 Hz. The shorter time 
constants are used for the low frequency dynamic applications while the 
longer time constants will be used for quasi-static applications. The circuit 
is cleared by a manual reset switch on the front panel or from a remote 
switch or logic circuit connected to a socket on the rear panel. 

From the input stage the signal is fed to the active LP filter which is used 
to suppress unwanted higher frequency signals such as mechanical reson­
ances etc. The upper limiting frequency of the filter can be adjusted in steps 

Input 

Or----+--4 

0 
Volt/ unit 

Input 
Amp. 

I 
I 
I 
I 
I 
I 
I 

__ J 

I 
I 
I 

Transducer Sensitivity ,.....---..., 

~~fl 
I I I --,--

1 

0 Upp., Um;t;og '"""'"'V 

Fig.7.25. Block Diagram of Type 2628 

272 175 
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between 100 Hz and 100 kHz, the cut-off slope being 12 dB/octave. 

Two signal level indicators are provided. The first indicates overload at 
the input or output stage and the second lights when the signal level is with­
in 20 dB of full output, thus indicating the best output signal level for 
minimum noise. 

Both input and output sockets on the front panel suit B&K standard 
miniature plugs. Duplicate input and output sockets are provided on the 
rear panel, the duplicate output socket being of the BNC type. 

Specifications 2628 

Input Impedance 

Max. Input Signal 

Output Impedance 

Max. Output Voltage/Current 

Output Load Impedance 

Frequency Range 

Noise 

Harmonic Distortion 

Gain 

Slew Rate 

Recovery Time 

Power Supply 

Dimensions: 
Height 
Width 
Depth 

Weight: 

92 

1014 n (input DC shunt resistance) 

106 pC 

± 10 V, ± 10 rnA 

1k~ 

2 J1 Hz to 100 kHz (3 dB) 

< 30 J1 V R MS (refered to input) 

<1% 

-40 to+ 60 

1 V/JJ.S 

100 to 240 VAC<25 rnA 

132.6 mm 
69.5 mm (2.75 in) 
200 mm (7.87 in) 

1.45 kg (3.25 lb) 



7.5.7. Accelerometer Calibrator and Preamplifier Type 4292 

Accelerometer Calibrator and 
Preomp~fier Type .4292 

~ 

Fig.7.26. Accelerometer Calibrator and Preamplifier Type 4292 

The Type 4292 (Fig.7.26) is designed as a small compact calibrator and 
preamplifier unit for vibration measurements. The preamplifier contains 
integration networks, allowing measurements of vibration acceleration, 
velocity and displacement. A small built-in shaker table adjustable to 1 g 
peak allows easy sensitivity check of the accelerometer and calibration of 
the complete vibration measuring set-up. 

The instrument is made for direct connection to the 7 pin preamplifier 
input socket on the B & K Measuring Amplifiers and Frequency Analyzers 
or to the B & K Microphone Power Supplies 2801 and 2807. Power for the 
preamplifier and built-in calibrator is supplied via this 7 pin plug which also 
feeds the output signal from the preamplifier to the instrument to which it 
is connected. 

Preamplifier Section 

The preamplifier consists of an input stage, an amplifier and integration 
networks. Two parallel connected input sockets allow connection of cables 
fitted either with standard miniature plugs 10-32 NF or fitted with the 
standard B & K coaxial plug. The input stage uses a FET (field effect 
transistor) giving a high input impedance whereby a low lower limiting 
frequency is obtained from the combination of accelerometer capacitance 
and preamplifier input impedance. 
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Frequency Range Mode Range 

1 to 35,000 Ace. 10 m/sec2 

1 to 4000 Vel. 3.16 m/s 
10 to 10,000 Vel. 0.316 -

1 00 to 30,000 Vel. 0.0316 -

1 to 30 Displ. 1000 mm 
3 to 100 Displ. 100 

10 to 300 Displ. 10 
30 to 1000 Displ. 1 -

100 to 3000 Displ. 0.1 
300 to 1 0,000 Displ. 0.01 

Table 7.3. 

The amplifier has gain adjustable from 0 to 20 dB. This allows sensitivity 
correction to be made for easy reading of the measured vibration value with 
accelerometers not having simple sensitivity figures. 

The integration networks give single or double integration whereby the 
output signal will be proportional to vibration velocity or displacement. 
Three velocity positions and six displacement positions with different low 
frequency cut-off points can be chosen to obtain the best possible signal to 
noise ratio for the required frequency range of measurements. A position 
where the integration networks are bypassed allows direct measurement of 
vibration acceleration. Table 7.3 gives the frequency limits for the integra­
tion network. 

Calibration Section 

The calibrator is made as an electrodynamic exciter driven by a 79.6 Hz 
Wien bridge oscillator and a driver amplifier (79.6 Hz corresponds to w = 
500 rad/sec, and affords simple calculation). The tension of the bronze band 
suspension, which controls the resonance of the shaker system can be 
adjusted by means of a knob on the rear panel of the preamplifier. This 
corrects for different loads on the exciter table. The vibration level is 
adjusted by regulation of the input voltage to the driver amplifier. The 
entire exciter system is hung in a spring suspension so as to isolate it from 
extraneous vibrations. 

The shaker table has a 10-32 N F tapped hole for mounting the acceler­
ometer. A hermetically sealed cylinder mounted inside the table contains a 
small bronze ball resting on three points. 
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10-32 NF threaded hole 

Driver 
amplifier 

Amplitude 
adjustment 
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12 V supply 

Resonance 
adjustment 
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Input 
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FET 
Input 
stage 

0_ 20 dB Integration 

amplifier 1-------.>---------1 networks 

adjustment 

regulator 

Fig.7.27. Block diagram of the Type 4292 

Output and 
Power Supply 

plug 

271000 

Calibration is made at 1 g peak by adjusting the vibration level of the table 
until the ball balances at the threshold of rattling. This condition can be 
heard and at the same time seen on the indicating instruments. Fig.7.27 
shows a sketch of the principle of operation of the complete unit 
Type 4292. 

Specifications 4292 

Preamplifier: 
Input Impedance: 

Input Capacitance: 

Max. Input Signal: 

Max. Output Voltage: 

Output Load Impedance: 

Frequency Range : 

min. 2 Grl at 0 dB gain 
min. 450 Mrl at 20 dB gain 

8 pF 

± 15 Vat 0 dB gain 
± 1.5 Vat 20 dB gain 

± 15 V in ace. mode 

Min . 1 Mrl 

1 Hz to 35kHz (accel. mode) 
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Fig.7.28. Upper limits of dynamic range (1% distortion} due to load by 
extension cables as a function of voltage and frequency. Mini­
mum sensitivity. Cable capacitance 5 nF /1 (}() m 
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Fig.7.29. Upper limits of dynamic range (1% distortion) due to load by 
extension cables as a function of voltage and frequency. Maxi­
mum sensitivity. Cable capacitance 5 nF /1 (}() m 
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Fig. 7.30. Lower frequency response with and without accelerometer 
capacitance included 
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Fig.7.31. Upper frequency response due to load by extension cables at 
different output voltages and at max. and min. sensitivity. Cable 
capacitance 5 ni=/100 m 
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Noise: 

Harmonic Distortion: 

Gain: 

Calibrator: 
Frequency: 

Table Load for 1 g peak: 

Accuracy of Calibration: 

0 at Resonance: 

Mounting Thread: 

Power Supply: 

Dimensions: 
Height 
Width 
Depth 

Weight: 

from 2Hz to 40kHz with 1 nF across 
input (referred to input) 
Min. sensitivity < 60 JJ.V. 
Max. sensitivity < 20 JJ.V 

less than 1% with 10V RMS input at 
0 dB gain, acceleration mod and 
f<3 kHz 

variable from 0 to 20 dB 

79.6 Hz 

0 to 70 gram 

± 1001c> 

approx. 40 dB 

10-32 NF 

from B & K 7 pin input plug on measur­
ing amplifiers, frequency analyzers and 
power supplies. 

132.6 mm (5.2 in) 
69.5 mm (2.74 in) 
200 mm (7.9 in) 

2.9 kg (6.4 lb) 

7.5.8. Microphone Preamplifier Type 2619 

This microphone FET preamplifier is suitable for piezoelectric acceler­
ometers due to its extremely high input impedance and very wide frequency 
and dynamic ranges. Among other accessories an Adapter JJ 2615 is 
included for the connection of miniature accelerometer cables. This adapter 
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. 
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Fig.7.32. Microphone Preamplifier Type 2619 

Specifications 2619 

Supply Voltage DC 

Input Resistance at 20°C 
at 80°C 

Input Capacitance 

Max. Input Signal 

Output Impedance 

Max. Output Current 

Current Consumption 

Gain 

Frequency Range: 

Rise Time: 

Noise, 20 Hz- 200kHz: 
(JJ 2615 at input): 

Dimensions: 

120V 28 v 

>4oooMn >2sooMn 
>250oMn >15ooMn 

<o.s pF <1 pF 

40 V RMS 5V RMS 

Approx. 25 n Approx. 70 n 

1.5 rnA peak 0.5 rnA peak 

2mA 1mA 

-0.01 dB -0.04 dB 

2Hz-200kHz 

0.2 JJ.sec 

<18JJ.V 
< 17 JJ.V with heating element dis­
connected 

1/2" dia 
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Connection Type: 

Cable Length: 

Accessories Included: 

7 pin B & K 

2 m ( 6.6 feet) 

Adapter for 1" microphone (DB 0375) 
Coaxial input plug adapter for miniature 
cables (JJ 2615) 
Gooseneck (UA 0196) 

7.5.9. Microphone Preamplifier Type 2615 

This preamplifier, which has a vacuum tube input stage, is also suitable 
for measurements with piezoelectric accelerometers due to its high input 
impedance and very wide frequency and dynamic range. Small size and a 
rugged construction make it suitable for operation in most laboratory and 
field measuring set-ups. 

Fig.7.33. Microphone Preamplifier Type 2615 

The 2615 may be plugged into any B & K instrument with am icrophone 
input socket. For connection of an accelerometer the Adapter JJ 2615 
which contains a built-in 50 pF capacitor, is used. 

Specifications 2615 

Input Resistance: 700Mr2 

Input Capacitance: 3 pF 
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Max. Input Voltage: 

Output Impedance: 

Output Load Impedance: 

Frequency Range: 

Noise: 

Gain: 

Connection Tvpe: 

Diameter of housing: 

Length of housing: 

20 V RMS 

Approximately 1300 n 

>5okn 

Only limited by the capacitance con­
nected at the output (up to above 
100kHz with B & K equipment and 
without extension cables) 

40 J.J.V (2 Hz- 200kHz) 20 pF 

-0.9 dB ± 0.2 dB 

2 m long cable 

12.7 mm (0.5 in) 

70 mm (2.75 in) 
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8. ACCESSORIES 

8.1. CONNECTING CABLES AND PLUGS 

Flexible coaxial cables are used for the connection between accelerome­
ter and preamplifier. Unless otherwise ordered the cables delivered with the 
accelerometers are as indicated in the individual accelerometer specifica­
tions. 

Three types of cable are available from 8 & K: 

AC 0005 Teflon insulated mininoise cable 90 pF/m (30 pF/ft) for 
application to 260°C (500°F). Available in lengths up to 180m 
(600ft). 

AC 0010 PVC insulated mininoise cable 90 pF/m (30 pF/ft) for operation 
to 1 00°C (212°F). Available in lengths up to 180m (600ft). 

AC 0032 PVC insulated reinforced mininoise cable 90 pF/m (30 pF/ft) 
for operation to 100°C (212°F). Available in lengths up to 
180m (600ft). 

These are made up with the 1 Q-32 NF miniature plugs JP 0012 for 
standard sized accelerometer and preamplifier sockets and with the micro­
miniature connectors for Accelerometer Type 4344 as follows: 

AO 0037 1.2 m (4ft) of AC 0010 cable fitted with two JP 0012 minia­
ture plugs. 

AO 0038 1.2 m (4ft) of AC 0005 cable fitted with two JP 0012 minia­
ture plugs. 

AO 0051 1.2 m (4ft) of AC 0010 cable fitted with one JP 0012 minia­
ture plug and one micro-miniature plug. (The micro-miniature 
plug can only be fitted by 8 & K). 

AO 0052 1.2 m (4ft) of AC 0005 cable fitted with one JP 0012 minia­
ture plug and one micro-miniature plug. (The micro-miniature 
plug can only be fitted by 8 & K). 
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JP 0012 JP 0012 

~ AO 0037 ~ 
\ 

AC 0010 

I JP 0012 

=S&s AO 0051 ~ 

JP 0012 JP 0012 

~ AO 0038 ~ 
\ 

AC 0005 

I JP 0012 

=11 AO 0052 ~ 

oa]: ~· =====;;;; AO 0500 =====~omu:~: 

Fig.8.1. Accelerometer cables 

AO 0089 3 m (10ft) of AC 0032 cable fitted with two reinforced plugs 
JP 0049. (The plugs can only be fitted by B & K). 

AO 0500 1.2 m (4ft) Kapton insulated silver screened cable for operation 
to 400°C (752°F). 

The micro-miniature plugs are only available fitted to the cables 
AO 0051 and AO 0052. The standard miniature plugs JP 0012 are available 

JP 0012 

IJ C 
Fig.8.2. Standard 8 & K miniature connector 
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Fig.8.3. Plug Mounting Kit UA 0129 

with the assembly kit UA 0129 (Fig.8.3), which includes 20 plugs with all 
accessories, tools, and fitting instructions for mounting the connector. 
A refill set of 25 JP 0012 plugs is available under the stock number 
UA 0130. 

JP 0012 JP 0012 .,. fill 
JJ 0032 

Fig.8.4. Extension connector JJ 0032 

Two standard JJ 0012 connectors can be joined, for the purpose of cable 
extensions using the extension connector JJ 0032 (Fig.8.4). These are avail­
able in sets of 25 under stock number UA 0186. 

8.2. MOUNTING SETS 

For all accelerometer types except 4434, 8303, 8307 and 8309 

UA 0125 Set of 10-32 NF studs containing 10 isolated studs YS 0420, 
10 steel studs YO 2960, 10 nuts YM 0414, 10 mica washers 
YO 0534, and 1 tap 1Q-32 NF. 
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UA 0142 1 set of clamping magnets conta1mng 5 permanent magnets 
UA 0070 with isolated mounting 10-32 NF. 

8.3. PREAMPLI Fl ER POWER SUPPLY 

Power for the preamplifiers is obtained in different ways: 

1. Internal batteries. Types of batteries are indicated in section 7.5 for 
the preamplifiers. Possible with Types 2616, 2625. 

2. External 28 V DC obtainable from 3 different sources: 

a) The Power Supply Adapter ZR 0024 which plugs into the Pream­
plifier Input socket on the 8 & K Measuring Amplifiers and Fre­
quency Analyzers. Current from this Adapter is limited to 2 rnA. 
Suitable for Types 2623, 2625 and 8306. 

b) The Power Supply Type 2805 which is mains operated. Suitable 
for Preamplifiers Types 2616,2623,2624, 2625 and Accelerometer 
Type 8306. 

c) The battery operated Microphone Power Supply 2804 which is 
designed primarily to supply the microphone assemblies but which 
also has two 28 Volt outlets 2 rnA each for accelerometer pream­
plifiers. Suitable for Preamplifiers Types 2623, 2625, 2619 and 
Accelerometer Type 8306 . 

• 
Fig.8.5. Power Supplies 2804,2805 and ZR 0024 
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3. Directly from the Preamplifier Input socket on the B & K Measuring 
Amplifiers and Frequency Analyzers or the B & K Microphone Power 
Supply units. Appropriate to Types 2615, 2619,4292. 

4. Direct mains. Types 2626 and 2628. 
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9. APPLICATIONS 

A complete range of equipment is available from 8 & K for all types of 
vibration measurement and testing. 8 & K instruments are all matched with 
respect to impedance and output voltage so that interconnection is a simple 
matter. Several remote control facilities and automatic control functions 
add to the possibility for combining single instruments into complete 
systems for automatic measurements. 

Numerous measuring testing and calibration systems covering practically 
all types of requirements are outlined and shown schematically in the 8 & K 
booklet "Examples of Applications". Furthermore individual 8 & K instru­
ment instruction manuals detail complete applications set-ups which include 
accelerometer applications. 
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10. APPENDICES 

1Q1.ACCELEROMETERTHEORY 

1 0.1.1. Response to Continuous Vibration 

The accelerometer consists basically of the element shown in Fig.1 0.1. 

Base 

Piezoelectric 
discs 

26'<60f 

Output 
terminals 

Fig.10.1. Schematic drawing of a piezoelectric accelerometer 

A mass rests on a piezoelectric element. The mass is preloaded by a stiff 
spring and the whole assembly is mounted in a metal housing. When the 
accelerometer is subjected to acceleration the mass will be displaced relative 
to the base. Due to the piezoelectric effect a variable potential will be 
developed across the output which is direct proportional to the displace­
ment. In order to perform meaningful measurements it is necessary to deter­
mine the relationship between the acceleration experienced by the acceler­
ometer and the output from the piezoelectric. 

The accelerometer can be considered as a Single Degree of Freedom 
system as shown in Fig.10.2. 

The mass m is held to the case by a spring of stiffness k and a damper of 
damping coefficient c. Let y be the displacement of the base and x the 
displacement of the mass relative to the base. 
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Mass X 

Base -y 

2TI5!N 

Fig.10.2. Spring Mass system of an accelerometer 

The forces acting on the mass are then: the spring force kx, damped 
dx d2 (x + y) 

force c dtand the inertial force m dt2 

The equation of motion is: 

d2 (x + y) dx 
m dt2 + c dt + kx = 0 

Assume that the displacement of the base is sinusoidal, y = y 0 cos wt. 
Ignoring transients the solution of the differential equation is: 

( 1) 

and 
() 
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where 
peak amplitude of the displacement of mass m 
acceleration of base 
phase angle between x and y 

=~ 
c 

2 Jkm 

The basic equation for the charge produced by a piezoelectric when it is 
subjected to force is: 

q = d · F 

Since F = k1 x
0 

the equation becomes 

q = d. k1 xo 

where d is the piezoelectric constant of the material and k 1 is the stiffness 
of the material. 

Equation ( 1) then becomes: 

Charge generated q -;:::::====1====== 
A I f b =-.. -= A I I w w I 

cce. o ase Y0 \J [1 _ (-)2]2 + (2 ~ -)2 
wn wn 

where d·k 
A is a constant = - --

2
1-

wn 

The relation between q/Y
0 

and the frequency ratio wlwn is plotted for 
various fractions of critical damping ~ in F ig.1 0.3. 

From the curves it can be seen that for low values oft i.e. when using a 
stiff spring the response is substantially flat for frequencies below wn. The 
useful frequency range increases as wn increases. However, the output q is 
inversely proportional to wn 2. Thus in practical accelerometers a com­
promise must be made between high natural frequencies and high sensitiv­
ity. 

Although damping can be used to extend the useful frequency range of 
an accelerometer, the resultant non linear phase shift introduced is undesir­
able. For this reason accelerometers are designed to have very little damp­
ing. 
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Fig.10.3. Relationship between q/y 0 and wlwn for various fractions of 
critical damping 

10.1.2. Response to Transient Phenomena and Shocks 

From Fourier analysis it is known that in order to give complete informa­
tion about a shock pulse the measuring system must have an infinte frequen­
cy range. For this reason the response of accelerometers to transient vibra­
tion depends upon their resonance frequency and damping. 

The response of accelerometers with different values of critical damping 
to three typica l shock pulses is shown in Fig.10.4. For each of the three 
pulse shapes the response is given for accelerometers having natural periods 
equal to 1.014 to 0.338 or 0.203 times the pulse duration T. From the 
curves it is seen that for the best response the accelerometer natural period 
should be as short as possible relative to the input pulse duration. Also 
damping will improve the response but the resultant phase distortion makes 
damping undesirable. 
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system whose natural period is (from left to right) 1.014; 0.388; 
and 0.203 times the pulse duration. Curves are shown for 
various fractions of critical damping 



10.2. CONVERSION CHARTS, TABLES, etc. 

Table 10.1 facilitates 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 1.047 1.059 1.072 1.084 1.096 1.109 
1 t.122 1.135 1.148 1.161 1.175 1.189 1.202 1.216 1.230 1.245 
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 

Table 10.1. 

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. 

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 0. 1 a ratio 1.841. The g value is then 
1 oJ X 1.841 = 1841 g. 
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With negative values the procedure is the same, e.g. 

Convert -31.8 dB re. 1 g into units of g. 
-31.8 = (-2) 20 + 8.2. 
8.2 gives from Table 10.1 a ratio 2.570. The g value is then 
1 o- 2 x 2.570 = o.o257o g. 

Frequency, Acceleration, Velocity Displacement Nomograph ( RMS-values) 

m/sec '/',f .:>J{ / 

rX/' 10.."-: :-o,., 
PV': ~ ~".>. 

10 100 1000 Hz 10000 

Table 10.2. 
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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 

Table 10.3. 

Conversion of Acceleration 

g mfs2 cmfs2 ft/s2 in/s2 

1 g ., 9,81 981 32,2 386 

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

1 cmfs2 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 

Table 10.4. 

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 ~ 16 I 

1 oz 0.02835 28.35 0.0625 1 

Table 10.5. 
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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 coswt 

Table 10.6. 

RMS Values 

A Alw Afw2 

wV v V/w 

w2D wD D 

Table 10.7. 
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11. INDIVIDUAL ACCELEROMETER SPECIFICATIONS 

11.1. UNI-GAIN® ACCELEROMETERS TYPE 4339,4343,8301 
AND 8302 

Fig.11.1. 

The B & K Uni-Gain® Accelerometers Type 4339, 4343, 8301 and 8302 
are suitable for general applications in Vibration Measurements. The con­
struction of the accelerometers gives a low sensitivity to unwanted environ­
mental excitations. The accelerometers Types 4339 and 8301 have been 
designed to have a sensitivity of 10 ± 0.2 mV /g. The Types 4343 and 8302 
accelerometers have been designed to have a sensitivity of 1 0 ± 0.2 pC/g. 
The accelerometers are specially for use with fixed gain voltage and charge 
amplifiers. Types 8301 and 8302 have provision for water cooling of the 
base so that operation is possible on surfaces with temperatures up to 
1 000°C and their construction is specially designed form inimum base strain 
sensitivity. 

The accelerometers are available as Accelerometer Sets or as Accelerome­
ter Packages. The Accelerometer Sets Type 4339 S, 4343 S, 8301 S and 
8302 S contain: 

One Accelerometer 
One low noise cable for operation to 1 00°C (212°F) 
Five threaded steel studs, 1 0-32 N F 
One electrically isolated stud, 10-32 N F 
One nut, 10-32 NF 
One cementing stud 

AO 0037 
YO 2960 
YS 0420 

YM 0414 
DB 0756 
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One mica washer 
Electrically isolated permanent magnet 
Cable clip 
Wax 
Probe with sharp tip 
Round tip for probe 
Screw tap, 10-32 NF 
Hexagon key for studs 
Microplug to B & K plug adapter 
Individual calibration chart 
Two tubes for cooling (8301 or 8302 only) 

YO 0534 
UA 0070 
DL 3014 
y J 0216 
yp 0080 
DB 0544 
OA 0029 
OA 0013 
JP 0028 

DB 0524 

The Accelerometer Packages Type 4339 P, 4343 P, 8301 P and 8302 P 
contain five packets, in each of which is: 

One Accelerometer 
One low noise cable for operation to 1 00°C 
One threaded steel stud, 10-32 NF 
One individual calibration chart 
Two tubes for water cooling (8301 and 8302 only) 
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Individual specifications for the accelerometers are: 

Accelerometer Type 4339 4343 8301 8302 

Contained in Accelerometer Set 4339S 4343S 8301S 8302S 

Contained in Accelerometer 
Package 4339P 4343P 8301P 8302P 

Sensitivity (mV /g)* 10 ±0.2 "'10 10 ±0.2 "'10 

Charge Sensitivity (pC/g) * "'10 10 ±0.2 "'10 10 ±0.2 

Free Resonance (kHz)* 75 75 40 40 

Mounted Resonance* 
(Solid Steel) (kHz) 40 40 25 25 

Freq. Range* 5% 1-8000 1-8000 1-5000 1-5000 
10% 1-12,000 1-12,000 1-8000 1-8000 

Dynamic Range continuous 
rating (g's) ±3000 ±3000 ±3000 ±3000 

Max. shock (g's) ± 10,000 ± 10,000 ± 10,000 ± 10,000 

Capacitance lnclud. Cable (pF)* 1000 1000 1000 1000 

Transverse Sensitivity (%) * <3 <3 <3 <3 

Base Strain Sensitivity** 
(g per pStrain in plane of base) <0.1 <0.1 <0.0005 <0.0005 

Max. Ambient Temperature (°C) 260 260 260 260 

Temperature Transient Sensitivity 
LLF 3Hz (g/OC)** <2 <2 <1 <1 

Lowest Leakage Resist: 
at 20°C (MQ) 2 X 104 2 X 104 2 X 104 2 X 104 

Typical value at 250°C (MQ) 2 X 104 2 X 104 2 X 104 2 X 104 

Magnetic Sensitivity 
(g/kGauss) (50-400 Hz) <o.1 <0.1 <o.2 <0.2 

Max. Acoustical Sensitivity 
Equivalent gat 154 SPL ** 0.01 0.01 0.01 0.01 

Torque Sensitiv. 6-60 kgcm (%) <1 <1 <1 <1 

Max. g with Magnetic Attachment 
(approximately) 200 200 200 200 

Construction C.M. C.M. I.C.M. I.C .M. 

Piezoelectric Material MT8 MT 8 MT8 MT8 

Weight in gm * 16 16 21 
' 

21 

Type of Connection Side Side Top Top 

Material Stainless Stainless Stainless Stainless 
Steel Steel Steel Steel 
AISI316 AISI316 AISI316 AISI316 

Provision for Water Cooling No No Yes Yes 

Mounting thread 10-32 NF 10-32 NF 10-32 NF 10-32 NF 

Height (mm) 17 17 25.4 25.4 

Spanner Size (mm) 14 14 14 14 

* Individual values given on the calibration chart ** Re. ANSI 52.11·1969 
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11.2. UN I-GAIN® ACCELEROMETER TYPE 4338 

Fig.11.2. 

The B & K Uni-Gain® Accelerometer Type 4338 is suitable for a wide 
variety of applications where a high sensitivity accelerometer is required. Its 
inverted centre mounted compression design produces the desirable 
characteristics of low sensitivity to unwanted environmental excitations. It 
is especially designed to have a sensitivity of 100 ± 2 pC/g for use with fixed 
gain charge preamplifiers. The robust construction allows for operation in 
extreme environmental conditions, and provision is made for water cooling 
so that operation is possible on surfaces with temperatures up to 1 000°C. 

The accelerometer is available as Accelerometer Set or as an Accelerome­
ter Package. The Accelerometer Set Type 4338 S contains: 

One Accelerometer Type 4338 
One low noise cable for operation to 1 00°C 
Five threaded steel studs, 1 0-32 N F 
One electrically isolated stud 10-32 N F 
One nut, 10-32 N F 
One cementing stud 
One mica washer 
Electrically isolated permanent magnet 
Cable clip 
Wax (for mounting accelerometers) 
Probe with sharp tip 
Round tip for probe 
Screw tap 1 0-32 N F 
Hexagon key for studs 
Microplug to B & K plug adapter 
Individual calibration chart for accelerometer 
Two tubes for water cooling 
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The Accelerometer Package Type 4338 P contains five packets, in each 
of which is: 

One Accelerometer Type 4338 
One low noise cable for operation up to 1 00°C 
One threaded steel stud, 10-32 N F 
One individual calibration chart 
Two tubes for water cooling 

Specifications for the accelerometer are: 

Voltage Sensitivity:* 

Charge Sensitivity:* 

Frequency Range:* 
5% 

10% 

Dynamic Range: 

Max. Shock: 

Resonance:* 
Free 

Mounted 

Transverse Sensitivity:* 

Max. Ambient Temperature: 

'""'100 mV/g 

100 ± 2 pC/g 

1-2500 Hz 
1- 3600Hz 

± 500 g continuous rating 

1000 g 

20kHz 
12kHz 

Temperature Transient Sensitivity:** 
( LLF 3 Hz) 0.2 g/°C 

AO 0037 
YO 2960 

DB 0524 

Magnetic Sensitivity: < 0.01 g/kGauss (50 - 400 Hz) 

Max. Acoustic Sensitivity:** 
(equivalent gat 154 dB SPL) 

Capacitance including Cable:* 

Lowest Leakage Resistance: 
At 20° C 
Typical value at 250°C 

0.01 

1000 pF 

2 X 104 M.Q 
2 X 104 M.Q 
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Base Strain Sensitivity:** 
(in plane of base) <s x 1o-5 g/pstrain 

Torque Sensitivity (6- 60 kgcm): < 1% 

Max. g with Magnetic Attachment: 75 

Construction: I.C.M. 

Weight* 60gm 

Piezoelectric Material: MT8 

Type of Connection: TOP 

Material: Stainless steel AISI 316 

Mounting Thread: 10-32 NF 

Provision for Water Cooling: yes 

Height: 30.8 mm (1.2 in) 

Spanner Size: 21 mm 

* Individual values given on calibration chart 
** Re ANSI 52.11-1969 

11.3. MINIATURE ACCELEROMETER TYPE 4344 

Fig.11.3. 

The Miniature Accelerometer Type 4344 is designed especially with a 
view to vibration measurement on light weight structures, where a heavy 
transducer would change the mode of vibration and thereby invalidate the 
results obtained. It has a weight of 2 grams and a I inear frequency range, 
within 10%, of 1-21,000 Hz. 
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The Miniature Accelerometer Type 4344 is available as Accelerometer 
Set Type 4344 S or as Accelerometer Package Type 4344 P. 

The Accelerometer Set Type 4344 S contains: 

One Miniature Accelerometer Type 4344 
One low noise cable for normal temperatures up to 100°C 
One low noise cable for high temperatures up to 260°C 
Six threaded steel studs (M 3) 
One nut (M 3) 
One cementing stud 
Wax 
Screw tap for 3 mm thread 
Hexagon key for steel studs 
Microplug to B & K plug adapter 
Individual calibration chart 

AO 0051 
AO 0052 
YO 2007 
YM 0334 
DB 0757 
y J 0216 

OA 0041 
OA 0042 
JP 0028 

The Accelerometer Package Type 4344 P contains five packets, in each 
of which is: 

One Miniature Accelerometer Type 4344 
One low noise cable for normal temperatures up to 1 00°C 
One low noise cable for high temperatures up to 260°C 
One steel stud ( M 3) 
Individual calibration chart 

Specifications for the Miniature Accelerometer Type 4344 are: 

Voltage Sensitivity:* 

Charge Sensitivity:* 

Frequency Range: 
5% 

1 00/o 

Dynamic Range: 

Max. Shock: 

Resonance: * 
Free 
Mounted 

"'2.5 mV/g 

"'2.5 pC/g 

1- 14,000 Hz 
1- 21,000 Hz 

± 3,000 g continuous rating 

14,000 g 

125kHz 
70kHz 

AO 0051 
AO 0052 
YO 2007 
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Transverse Sensitivity:* <4% 

Temperature Range: -200 to 260°C 

Temperature Transient Sensitivity:** 
(LLF 3Hz) 10 g/°C 

Magnetic Sensitivity: 

Max. Acoustic Sensitivity:** 
(equivalent gat 154 dB SPL): 

Capacitance (including cable):* 

Lowest Leakage Resistance: 
At 20°C 
Typical value at 25ooc 

Base Strain Sensitivity:** 
(in plane of base): 

Torque Sensitivity, 6 - 60 kgcm: 

Construction: 

Weight* 

Piezoelectric Material: 

Material: 

Output Socket (side entry): 

Mounting (Thread): 

Height: 

Spanner Size: 

< 0.1 g/kGauss (50- 400 Hz) 

0.01 

900 pF 

2 x 104 Mn 
2 x 104 Mn 

< 0.05 g/pstrain 

C.M. 

2gm 

MT8 

Titanium 

M3 

M3 

10.2 mm (0.4 in) 

7mm 

* Individual values given on calibration chart 
** Re. ANSI 52.11-1969 
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11.4. MINIATURE ACCELEROMETER TYPE 8303 

Fig.11.4. 

The B & K Miniature Accelerometer Type 8303 is designed with a view 
to vibration measurement on light weight structures, where a heavy trans­
ducer would change the mode of vibration and thereby invalidate the results 
obtained. It has a weight of 3.5 grams and a linear frequency range, within 
10%, of up to 14,000 Hz. The inverted single ended construction gives the 
accelerometer a low base strain sensitivity of less than 0.002 g per ,ustrain 
(in plane of base). 

The Miniature Accelerometer Type 8303 is available as Accelerometer 
Set Type 8303 S or as Accelerometer Package Type 8303 P. 

The Accelerometer Set Type 8303 S contains: 

One Miniature Accelerometer Type 8303 
One low noise cable for operation to 1 00°C 
Six threaded steel studs (M 3) 
One nut (M 3) 
One cementing stud 
Wax 
Screw tap for 3 mm thread 
Hexagon key for steel studs 
Microplug to B & K plug adapter 
Individual calibration chart 

AO 0037 
YO 2007 
YM 0334 
DB 0757 
y J 0216 
OA 0041 
OA 0042 
JP 0028 

The Accelerometer Package Type 8303 P contains five packets, in each 
of which is: 

One Miniature Accelerometer Type 8303 
One low noise cable for operation to 1 00°C 
One steel stud ( M 3) 
Individual calibration chart 

AO 0037 
YO 2007 
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Specifications for the Miniature Accelerometer Type 8303 are: 

Voltage Sensitivity:* 

Charge Sensitivity:* 

Frequency Range: * 
5% 

10% 

Dynamic Range: 

Max. Shock: 

Resonance:* 
Free 
Mounted 

Transverse Sensitivity:* 

Temperature Range: 

""2.5mV/g 

""2.5 pC/g 

1- 9,000 Hz 
1- 14,000 Hz 

± 3,000 g continuous rating 

10,000 g 

75kHz 
45kHz 

<4% 

-200 to 260°C 

Temperature Transient Sensitivity:** 
(LLF 3Hz) 10 g/°C 

Magnetic Sensitivity: 

Max. Acoustic Sensitivity:** 
(equivalent gat 154 dB SPL) 

Capacitance (including cable):* 

Lowest Leakage Resistance: 
At20°C 
Typical value at 250°C 

Base Strain Sensitivity:** 
(in plane of base) 

Torque Sensitivity, 6 - 60 kgcm: 

Construction: 
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<0.2 g/kGauss (50-400Hz) 

0.01 

900 pF 

2 x 104 Mn 
2 X 104 MQ 

< 0.002 g/J.lstrain 

<1% 

I.C.M. 



Weight* 3.5 gm 

Piezoelectric Material: MT 8 

Material: Titanium 

Output Socket (top entry): 10-32 NF 

Mounting (Thread): M3 

Height: 15 mm (0.6 in) 

Spanner Size: 8mm 

* Individual values given on calibration chart 
** Re. ANSI S 2.11-1969 

11.5. HIGH TEMPERATURE ACCELEROMETER TYPE 4345 

Fig.11.5. 

This accelerometer has been designed with the special intention of 
making a transducer suitable for vibration measurements at high temper­
atures. Typical application areas are with internal combustion engines and 
jet engines, for vibration monitoring, for example in power plants and in all 
kinds of experimental work. 

The accelerometer is made of stainless steel, and an all welded, 
hermetically sealed construction makes it suitable for use under severe 
environmental conditions. The input connector uses an aluminium oxide 
insulation material and the accelerometer is delivered with a silver screened 
cable, also withstanding temperature up to 400°C. The accelerometer cable 
is not sensitive to humidity and a new plug construction seals the connector 
when tightened. 
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Both accelerometer and cable plug can be locked in their mounting 
position by means of a thin wire through holes in the accelerometer base 
and in the cable plug retaining nut respectively. This is of especial value 
when the accelerometers are used for vibration monitoring and for instance 
in airborne vehicles. 

As the leakage resistance of the accelerometer decreases with increasing 
temperature it should be used with a charge preamplifier in order to main­
tain a good low frequency response. Lowest measurable frequency will thus 
normally only be I imited by noise occuring from pyroelectric effects or 
caused by the low input load impedance at high temperature. 

The Accelerometer is available as Accelerometer Set Type 4345 S and 
Accelerometer Package Type 4345 P. 

The Accelerometer Set Type 4345 S contains: 

One Accelerometer Type 4345 
One low noise teflon cable for operation to 250°C 
One high temperature cable for operation to 400°C 
Extension cable connector 
Five threaded steel studs, 10-32 NF 
One electrically isolated stud 10-32 NF (maximum 250°C) 
One nut, 10-32 NF 
One cementing stud 
One mica washer 
Electrically isolated permanent magnet 
Cable clip 
Wax (for mounting accelerometers) 
Probe with sharp tip 
Round tip for probe 
Screw tap 1 0-32 N F 
Hexagon key for studs 
One microplug to B & K plug adapter 
Individual calibration chart for accelerometer 

AO 0038 
AO 0500 

JJ 0032 
YO 2960 
YS 0420 

YM 0414 
DB 0756 
YO 0534 
UA 0070 
DL 3014 
y J 0216 
yp 0080 
DB 0544 
OA 0029 
OA 0013 
JP 0028 

The Accelerometer Package Type 4345 P contains five packets, in each 
of which is: 

One Accelerometer Type 4345 
One low noise teflon cable for operation up to 250°C 
One high temperature cable for operation up to 400°C 
One threaded steel stud, 10-32 NF 
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One extension cable connector 
One individual calibration chart 

Specifications for Accelerometer Type 4345: 

Voltage Sensitivity:* ""'5mV/g 

Charge Sensitivity:* ""'5 pC/g 

Frequency Range:* 
5% 1 - 6,000 Hz 

10% 1 - 9,000 Hz 

Dynamic Range: ±3,000 g 

Max. Shock: * ±3,000 g 

Resonance:* 
Free 45kHz 
Mounted 30kHz 

Transverse Sensitivity:* <3% 

Temperature Range: -200 to 400°C 

Temperature Transient Sensitivity:** 
( LLF 3 Hz) 4 g/OC 

Magnetic Sensitivity: 

Max. Acoustic Sensitivity:** 
(equivalent gat 154 dB SPL) 

Capacitance including Cable:* 

Lowest Leakage Resistance: 
At 20°C 
Typical value at 400°C 

Base Strain Sensitivity:** 
(in plane of base) 

<0.1 g/kGauss (50 Hz) 

0.01 

900 pF 

2x 104 MS1 
2MS1 

<0.02 gft.tstrain 

Torque Sensitivity (6- 60 kgcm): < 1% 

JJ 0032 
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Max. g with Magnetic Attachment: 200 

Construction: C.M. 

Weight:* 27 gm 

Piezoelectric Material: MT40 

Material: Stainless steel AISI 316 

Output Socket (side entry): 10-32 NF 

Mounting (Thread): 10-32 NF 

Height: 21.5 mm (0.8 in) 

Spanner Size: 14 mm 

* Individual values given on calibration chart 
** Re. ANSI S 2.11-1969 

11.6. TRIAXIAL ACCELEROMETER TYPE 4340 

Fig.11.6. 

The Triaxial Accelerometer is virtually three accelerometers mounted in 
one housing. It indicates the vibration in three mutually perpendicular 
directions. Principal application areas are, balancing of machinery, vibration 
testing, multidirectional shock testing and others ,where the direction of 
vibration is not known or where measurements in more than one direction 
are of interest. The accelerometer is made of titanium and has provision for 
water cooling of the base. 
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The accelerometer is available as Accelerometer Set Type 4340 S con­
taining: 

One Accelerometer Type 4340 
Three low noise cables for operation to 100°C 
Five threaded steel studs, 10-32 NF 
One electrically isolated stud 10-32 nF 
One nut, 10-32 N F 
One cementing stud 
One mica washer 
Wax (for mounting accelerometers) 
Counterweights 
Screw tap 1 0-32 N F 
Hexagon key for studs 
Three microplug to B & K plug adapters 
Individual calibration chart for accelerometer 
Two tubes for water cooling 

Specifications for Accelerometer Type 4340 are: 

Voltage Sensitivity:* 

Charge Sensitivity:* . 

Frequency Range: * 
5% 

10% 

Dynamic Range: 

Max. Shock:* 

Resonance:* 
Free 
Mounted 

Transverse Sensitivity:* 

Temperature Range: 

14-24 mV /g 

14-20 pC/g 

1-5,000 Hz 
1-7,000 Hz 

± 500 g continuous rating 

500g 

45kHz 
23kHz 

<4% 

. up to 260°C 

AO 0037 
YO 2960 
YS 0420 

YM 0414 
DB 0756 
YO 0534 
y J 0216 
DB 0754 
OA0029 
OA 0013 
JP 0028 

DB 0524 
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Temperature Transient Sensitivity:** 
( LLF 3 Hz) 2 g/°C 

Magnetic Sensitivity: 

Max. Acoustic Sensitivity:** 
(equivalent gat 154 dB SPL) 

Capacitance including Cable:* 

Lowest Leakage Resistance: 
At20°C 
Typical value at 250°C 

Base Strain Sensitivity:** 
(in plane of base) 

<0.1 g/kGauss (50-400Hz) 

0.1 

1000 pF 

2 X 104 M.Q 
2 x 104 Mn 

<0.2 g/~strain 

Torque Sensitivity (6- 60 kgcm): < 1% 

Max. g with Magnetic Attachment: 75 

Construction: P.M. 

Weight:* 35 gm 

Piezoelectric Material: MT8 

Material: Titanium 

Output Socket (Top Entry): 10-32 NF 

Mounting (Thread): 10-32 NF 

Height: 26 mm (1 in) 

* Individual values given on cal ibration chart 
** Re. ANSI S 2.11-1969 
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11.7. ACCELEROMETERS TYPE 4332,4333,4334 AND 4335 

Fig.11.7. 

These accelerometers are suitable for non-critical general vibration 
measurements. 

The accelerometers are available as Accelerometer Sets or as Accelerome­
ter Packages. The Accelerometer Sets Type 4332 S, 4333 S, 4334 S and 
4335 S contain: 

One Accelerometer 
One low noise cable for operation to 1 00°C 
Five threaded steel studs, 10-32 NF 
One electrically isolated stud 10-32 NF 
One nut, 10-32 N F 
One cementing stud 
One mica washer 
Electrically isolated permanent magnet 
Cable clip 
Wax (for mounting accelerometer) 
Probe with sharp tip 
Round tip for probe 
Screw tap, 10-32 NF 
Hexagon key for studs 
Microplug to B & K plug adapter 
Two tubes for cooling (Types 4334 Sand 4335 S only) 
Individual calibration chart for accelerometer 

AO 0037 
YO 2960 
YS 0420 

YM 0414 
DB 0756 
YO 0534 
UA 0070 
DL 3014 
y J 0216 
yp 0080 
DB 0544 
OA 0029 
OA 0013 
JP 0028 

DB 0524 

The Accelerometer Packages Type 4332 P, 4333 P, 4334 P and 4335 P 
each packet contains five packets, in each of which is: 

One Accelerometer 
One low noise cable for operation to 1 00°C 
One threaded steel stud, 10-32 N F 
Two tubes for cooling (Type 4334 and 4335 only) 
One individual calibration chart 

AO 0037 
YO 2960 
DB 0524 
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Individual specifications for the accelerometers are: 

Accelerometer Type 4332 4333 4334 4335 

Contained in Accelerometer Set 4332S 4333S 4334S 4335S 

Contained in Accelerometer 
Package 4332P 4333P 4334P 4335P 

Sensitivity ( m V /g)* 45-65 14-24 45-65 14-24 

Charge Sensitivity {pC/g) * 40-60 14-20 40-60 14-20 

Free Resonance (kHz)* 45 55 45 55 

Mounted Resonance* 
{Solid Steel) (kHz) 25 35 25 35 

Frequency Range* 5% 1-5000 1-7000 1-5000 1-7000 
10% 1-8000 1-10,000 1-8000 1-10,000 

Dynamic Range continuous 
rating { g' s) 3000 3000 3000 3000 

Max. shock {g's) + 10,000 + 10,000 + 10,000 + 10,000 
-3000 -7000 -3000 -7000 

Capacitance Including Cable {pF)* 1000 1000 1000 1000 

Transverse Sensitivity {%) * <4 <4 <4 <4 

Base Strain Sensitivity** 
{g per t.LStrain in plane of Base) 0.06 0.2 0.06 0.2 

Max. Ambient Temperature {°C) 260 260 260 260 

Temperature Transient Sensitivity 
LLF 3Hz {g/OC)** 0.6 3 0.6 3 

Lowest Leakage Resistance 
at 20°C {M.Q) 2 X 104 2 X 104 2 X 104 2 X 104 

Typical value at 250°C {M.Q) 2 X 104 2 X 104 2 X 104 2 X 104 

Magnetic Sensitivity 
{g/kGauss) {50-400Hz) <0.1 <0.1 <0.1 <0.1 

Max. Acoustical Sensitivity 
Equivalent gat 154 dB SPL ** 0.05 0.1 0.05 0.1 

Torque Sensitivity 6-60 kgcm {%) <1 <1 <1 <1 

Max. g with Magnetic Attachment 
{approximately) 100 200 100 200 

Construction P.M. P.M. P.M. P.M. 

Piezoelectric Material MT8 MT8 MT8 MT8 

Type of Connection Side Side Top Top 

Weight {grams) • 30 13 30 13 

Material Stainless Titanium Stainless Titanium 
Steel Steel 
AISI303 AISI 303 

-· 
Provision for Water Cooling No No Yes Yes 

Mounting Thread 10-32 NF 10-32 NF 10-32 NF 10-32 NF 

Height 22 mm 16mm 26mm 20mm 

Spanner Size 14mm 14 mm 14mm 14mm 

* Individual values on the calibration chart ** Re. ANSI S2.11-1969 
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11.8. QUARTZ ACCELEROMETER TYPE 8304 

Fig.11.8. 

This quartz accelerometer has been designed with the special intension of 
making a transducer with minimum sensitivity to temperature changes and 
temperature transients. A special construction gives a very low sensitivity to 
base strain and an all welded stainless steel construction makes it completely 
waterproof and ideally suited for use in very moist and corrosive atmos­
pheres. The ceramic insulated, glass sealed input socket ensures complete 
sealing even after several temperature cycles up to 260°C. The accelerome­
ter is calibrated in pC/g and should be used with the Charge Amplifiers 
Type 2624 or 2626. Due to the accelerometer's low sensitivity the 
Type 2626 is recommended. 

The Quartz Accelerometer Type 8304 is available as Accelerometer Set 
Type 8304 S or as Accelerometer Package Type 8304 P. 

The Accelerometer Set Type 8304 S contains: 

One Accelerometer Type 8304 
One low noise cable for operation to 1 00°C 
Five threaded steel studs, 1 0-32 N F 
One electrically isolated stud 10-32 N F 
One nut, 1 0-32 N F 
One cementing stud 
One mica washer 
Electrically isolated permanent magnet 
Cable clip 
Wax (for mounting accelerometer) 
Probe with sharp tip 
Round tip for probe 
Screw tap, 1 0-32 N F 
Hexagon key for studs 

AO 0037 
YO 2960 
YS 0420 

YM 0414 
DB 0756 
YO 0534 
UA 0070 
DL 3014 
y J 0216 
yp 0080 
DB 0544 
QA 0029 
OA 0013 
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Microplug to B & K plug adapter JP 0028 
Individual calibration chart for accelerometer 

The Accelerometer Package Type 8304 P contains five packets, in each 
of which is: 

One Accelerometer Type 8304 
One low noise cable for operation to 1 00°C 
One threaded steel stud, 10-32 N F 
One individual calibration chart 

Specifications for Accelerometer Type 8304: 

Charge Sensitivity:* 

Frequency Range: * 
5% 

1 00/o 

Dynamic Range: 

Max. Shock: 

Resonance (Mounted):* 

Transverse Sensitivity:* 

Temperature Range: 

1.2 pC/g 

(0) - 6,000 Hz 
(0) - 9,000 Hz 

± 3,000 g continuous rating 

10,000 g 

30kHz 

<4% 

-200 to 260°C 

Temperature Transient Sensitivity:** 
(0.3 Hz LLF) 1 g/°C 
(3 Hz LLF) 0.1 g/°C 

AO 0037 
YO 2960 

Magnetic Sensitivity: <0.02 g/kGauss (50-400Hz) 

Max Acoustic Sensitivity:** 
(equivalent gat 154 dB SPL) 

Capacitance (including cable):* 

Leakage Resistance: 
At 20°C 
Typical value at 250°C 
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Base Strain Sensitivity:** 
(in plane of base) <0.002 g/~-tstrain 

Torque Sensitivity, 6 - 60 kgcm: < 1% 

Max. g with Magnetic Attachment: 1 00 

Construction: C.M. 

Weight:* 30gm 

Piezoelectric Material: MT 100 

Base and Housing Material: Stainless steel AISI 316 

Output Socket: 10-32 NF 

Mounting (Thread): 10-32 NF 

Height: 22 mm (0.9 in) 

Spanner Size: 16 mm 

* Individual values given on calibration chart 
** Re. ANSI S 2.11-1969 

11.9. STANDARD ACCELEROMETER TYPE 8305 AND 
ACCELEROMETER CALIBRATION SET TYPE 3506 

Fig.11.9. 

The Standard Accelerometer Type 8305 has been designed particularly 
for the precise calibration of vibration transducers by the back to back 
comparison method. Careful design has resulted in very low transverse and 
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base strain sensitivities ensuring a high degree of accuracy in comparison 
measurements. 

High stability over time and low sensitivity to temperature changes are 
obtained by using a piezoelectric element of quartz. A sectional drawing of 
the accelerometer is shown in Fig.11.10. Construction is of the inverted 
single ended compression type. 

Fig.11.10. Cross section view of the accelerometer 

Absolute calibration of the Type 8305 is performed at the factory by the 
laser interference method with an estimated error less than 0.5%. This 
degree of accuracy can be equalled by careful reciprocity calibration but the 
laser interference method is prefered because of its lesser dependence on 
human error. 

Each accelerometer is supplied with a complete calibration certificate 
giving detailed calibration data and frequency response curve for the 
individual transducer. A typical calibration certificate is shown in Fig.11.11. 
A factory recalibration service is available for subsequent calibration checks 
on the 8305. The laser interference method is used and a new calibration 
certificate issued. 

The accelerometer has a 10-32 NF mounting thread in both ends, one in 
the base for mounting it in the shaker table and one in the top for the 
mounting of the accelerometer to be tested. 

The accelerometer is delivered as Type 8305 S in a case with various 
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Briiel & Kjmr 

CERTIFICATE of CALIBRATION 
Absolute Calibration by lat8t'-lnterference 

Standard Accelerometer Type 8305 S Serial No . .3'~1.7.5. ... . 

Reference Sensitivity at 160 Hz and .4?.~ .. °C : . (2~11 .. pC/g 

Frequency Response 

-··:ltilit 1 1 11 1 111111111 ~: 
0 KIO 200 Ha- 500 QIO 2000 H1 5000 10000 20000 40000 

,_,__ _ (1612/2112) 

The frequency response curws are obtained with the !Mse mounted on a 

C.libration Exciter Type 4809 and with 1 lo.d applied to the top 

TheloadKCelerationiskeptconsunt 

_, _ _.., ... H.< /,7 ... 

-e--.742. ,., 

IM--------1 _,_, •• e .. .. , ---,-· ·:=::::)<11 ~q-
. :-.... -=.--.. < , . ...... .,....,_ !"" -
-~~...!:":-~, ..... 1 ... ] 

.:~~=·:.~~--=-:..1 ... ) 
Nzrumon' /tli' .~(Jt .... 

App,oved .!M.~ 

rJ ll ld l 
19.7/ 

Fig.11.11. Typical calibration certificate as supplied with Accelerometer 
Type 8305 

accessories for fixing and an adapter UA 0322 for calibration according to 
the insert voltage method. The adapter also isolates the accelerometer 
electrically from the test object. See Fig.11.12. 

The precision Charge Conditioning Preamplifier Type 2626 is ideal for 
use with the Type 8305. These two instruments are available as Accelerome­
ter Calibration Set Type 3506 and represent an integral system calibrated 
from vibratory input to low impedance voltage output. 

Calibration Set Type 3506 is primarily intended for the back to back 
comparison method of accelerometer calibration where the accelerometer to 
be calibrated is rigidly coupled to the reference standard accelerometer 
Type 8305. The two accelerometers are vibrated together at a fixed frequen­
cy and the two outputs are compared by means of a voltage divider or 
sensitivity comparator. As the sensitivity of the reference standard acceler­
ometer is accurately known under these conditions it is simple to isolate the 
relative sensitivity of the unknown accelerometer. 
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Gen~n\1 
Input 

\\\11-0utput 

271440 

Fig.11.12. The Insert Voltage Adapter VA 0322 and schematic drawing 

Fig.11.13. The Accelerometer Calibration Set Type 3506 

140 



By using the Calibration Set Type 3506 together with Sensitivity Com­
parator Type 2970 the comparative sensitivity of an unknown accelerome­
ter can be determined within 0.2%. Comparative frequency response curves 
can be made by using a sweep generator. Suggested set-ups are shown in 
Fig.11.14 and 11.15. 

Vibration Exciter 
4801 /4811 - 15 

Calibration 
Amp I i fier 2650 

Power Amplifier 
2707 

Balance 
Signal 

Vibration Exciter Control 
1025 

Fig.11.14. Suggested instrument set-up for performing back to back 
calibration at hi{/1 g levels 

Conditioning 
Amplifier 2626 

@o 

• t~J Ji; 

;ei 
r- -- - - - I'Q'-------r-~==-==t-___., __ _____, __ _,. __ -i; .• !•:·!-~~-;~• 
I 
I 
I 
I 

I 
I 
I 

Conditioning 1 
Amplif ier 2626 1 

Beat-Frequency Oscillator 
e_g_ Types 1017, 1022 

lE~i~r~i~~e_!_ 3_?~ ________ J 
271457 

Fig.11.15. Suggested set-up for low level back to back sensitivity calibra­
tion of accelerometers. The two accelerometers are attached to 
the built-in shaker table of the 4291 

The Standard Calibration Set Type 3506 is calibrated as an integral unit 
in the Bri.iel & Kjcer calibration laboratory by the laser interference method 
giving a maximum probable error of within 0.5%. The precision voltage 
dividers used for signal conditioning within the Charge Amplifier 2626 have 
a tolerance of ± 0.1 %. The distortion at normal calibration levels and 
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Briiel & Kjaer 

CERTIFICATE of CALIBRATION 
Absolute Calibrat ion by Laser· lnterference 

Accelerometer Calib ration Set 

Type 3506 Serial No. 

Type 2626 Seri•l No . . 3.$'JJ. , ~.3 ... Type 8305 S SeriJII No. 3.1.~/ ,ZS,", 

Sensitivity at 160 Hz and .?. .~ .. °C : 10.00 mV /g with " Sensitivity" knobs 

in position .(
1
_?r! ... pC/g and " Volt/ g Out " knob in position 0.01 Volt /g 

(Lower 3 dB l imit 0.3 Hz, upper 5% limit 30 kHz) 

For other positions of " Volt/ g Out " knob the output deviation will be as 

follows 

Volt/g-out 

(Sens. 1-11 pC/gl 

0.001 

0.1 

Ncerum on /ltt1N(Jt .... 

App•oved #@.~ · 

Deviation 

cll.t. ... 

-.42 

197/ .. 

< --" ry 
Signed:.~ 

Fig. 11.16. Typical calibration certificate as supplied with Calibration Set 
Type3506 

frequencies is below 0.1% and the wide band noise referred to input is 
below an equivalent of 0.005 g. A certificate of calibration is included in 
the system quoting the conditions under which the calibration has been 
carried out and gives %deviation from the stated data for other settings of 
the output knob on the 2626, Fig.11.16 shows a typical calibration 
certificate for the 3506. 

The centre mounted quartz crystal accelerometer and the prec1s1on 
charge amplifier together with their carefully controlled calibration makes 
this system the most accurate reference available. 

Specifications for Accelerometer Type 8305 S: 

Sensitivity: * > 1.2 pC/g 

Mounted Resonance (Solid Steel): 
(Nominal with 20 g 
mounted on top) 30 kHz 
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Capacitance Including Cable: 
(nominal) 

Capacitance (nominal}: 

Transverse Sensitivity:* 

Base Strain Sensitivity:** 
Seen from top 
Seen from base 

Max. Ambient Temperatures: 

Temperature Transient Sensitivity: 
(with Preamplifier Type 2624) 

Leakage Resistance: 
At 20°C 
At 250°C 

Magnetic Sensitivity:** 
(50 to 400Hz) 

Acoustic Sensitivity: 

180 pF 

70 pF 

<2% 

0.002 (g per J1Strain in plane of base) 
0.0005 

0.3 Hz LLF: 1 g/OC 
3Hz LLF: 0.1 gjOC 

0.02 g/kGauss 

180 dB SPL equivalent to 1 g 

Torque Sensitivity (6 to 60 kgcm): 1% 

Max. Shock: 

Frequency Range: 

Connection Type: 

Polarity: 

Height: 

Spanner Size: 

Weight:* 

1000 g 

+ 1%: 7 to 3100Hz 
+ 2%: 7 to 4400Hz 

Side, 10-32 NF, ceramic isolator 

Negative for acceleration directed from 
base to top 

29 mm ( 1.1 in) 

16 mm 

40 gm 
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Material: 

Mounting Threads: 

Accessories Included: 

Accelerometer Cables 

Insert Voltage Adapter 
Electrically Isolated Stud 
Mica Washer 
2 Threaded Steel Studs (1/2 inch) 
2 Threaded Steel Studs (5/16 inch) 
Nut 
Screw Tap 
Wrench 
Adapter 4-40 U NC to 10-32 N F 
Adapter 6-32 UNC to 10-32 NF 
Adapter 8-32 U NC to 1 0-32 N F 
Adapter 1/4-28 UNF to 10-32 NF 

Stainless Steel AISI 316 

10-32 NF 

* Individual values given on calibration chart. 
**Ref. ANSI S 2.11-1969. 

AO 0037 
and AO 0047 

UA 0322 
YS 0420 
YO 0534 
YO 2960 
YO 2962 
YM 0414 
OA 0013 
DA 0064 
DB 1440 
DB 1441 
DB 1442 
DB 1443 

+ Lower limiting frequency determined by preamplifier used and environmental 
conditions. 

Specifications for Accelerometer Calibration Set Type 3506 

Includes: 

Standard Accelerometer Type 8305 S 
*Conditioning Amplifier Type 2626 
Interconnecting Cable 
Calibration Certificate 

Overall Error in 
Factory Calibration: 

Overall Distortion: 

Wide Band Noise: 
(0.3 Hz to 100kHz) 

* See Section 7 .5.5. 
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<0.5% 

0.1% 

Equivalent to 0.005 g 



11.10. LOWgACCELEROMETER TYPE 8306 

Fig. 11. 17. Low Level Accelerometer Type 8306 

The Low g Accelerometer Type 8306 has an extremely high sensitivity 
and a relatively low weight which allows acceleration measurement at levels 
as low as 10- 5 g on light-structures. Careful design has resulted in a wide 
dynamic range and long term stability making this transducer suitable for a 
broad range of low level applications. 

A preamplifier is built into the transducer to act as an impedance con­
verter with unity gain (0 dB) see Fig.11.18. It eliminates the effects of 
noise and losses in long connecting cables and permits the use of readout 
instrumentation at remote positions. Two output terminals are provided, 
"Voltage" where a low impedance output voltage is proportional to the 
acceleration level. The preamplifier also incorporates an active low pass 
filter to give 18 dB per octave attenuation above 1000 Hz. Thus the 

Piezoelectric 
Element 

Voltage Preamplifier 
(0 dB) 

Low Pass 
Filter 

Fig. 11.18. Block Diagram of 8306 

1 nF 

272257 
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Fig.11.19. Maximum acceleration level (peak) for different load capaci­
tances at the voltage output (1% distortion). For charge output 
"Unloaded" curve valid 

accelerometer resonance and external high frequency vibration will not 
influence the measured results. Maximum acceleration levels (peak) for 
different load capacitances at the voltage output for 1% distortion are 
given in Fig.11.19. 

The Low g Accelerometer Type 8306 is of the Uni-Gain® type. This 
indicates that the sensitivity has been adjusted to within ?J/o of a convenient 
value for direct measurement, in this case 10 Volt/g and 10,000 pC/g. Each 
accelerometer is supplied with a complete calibration chart giving detailed 
calibration data and frequency response curve for the individual transducer. 

A sectional drawing of the accelerometer is shown in Fig.11.20. Con­
struction is of the centre mounted compression type based on a piezoelec-

271410 

Fig.11.20. Construction of Type 8306 
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tric element of MT 8, giving the accelerometer a high acceleration sensitivity 
and low temperature, acoustic, magnetic and base strain sensitivities. The 
construction is epoxy sealed to ensure reliable operation in damp environ­
ment. 

The Preamplifier in Type 8306 requires 2 rnA at 28 V DC from an 
external source. When a single accelerometer is used in conjunction with one 
of the B & K measuring amplifiers or analyzers the small Power Adapter 
ZR 0024 can be used to provide the necessary power. For multiple acceler­
ometer systems the Power Supply Type 2805, which has a current rating of 
2 x 200 rnA, may be used. 

Accelerometer 
8306 

• "Voltage" 

f 
output 

I Aorelo"t;oo ,;gool I ~~o!J~ r• 'f 
1 Integrator Accel~ratiOn, I Measuring amplifier spectrometer 

Power supply from 
measuring amplifier, 
spectrometer, analyzer, 
battery, or Type 28ll5 

y 2625 velocity or A ' ' 
I _ displacement 

1 
or analyzer. eg. Types 2606, 2607, 

'---1----~'!!!!!. __ J 2608,2113, 2114, 2010 "'· 

L_ Internal battery or external 
power supply. eg. Type 2805 

271412 

Fig.11.21. Typical set-up for vibration measurement in the range 2Hz to 
1000Hz 

Accelerometer Conditioning 
8306 Amplifier 2626 

• "Charge" fli'i~f---A_cc_e_le_ra.,....t_io_n_s.....;ig=-n•a-1 --f r output ~;, : 
Output to measuring 

amplifier, spectrometer 
or analyzer for 

measurement Power supply from 1 

measuring amplifier, 1 

spectrometer, analyzer, • 
battery, or Type 2805 

Alternatively, direct 
measurement 

by oscilloscope 

0 0 
0 0 

•• 
•••• 00 

••• eoo 

mF.=~~reFml--~o~r analysis 

7001 
Instrumentation Tape Recorder 

for signal storage and frequency 
transformation 

271413 

Fig. 11.22. Typical set-up for vibration measurement in the frequency range 
0.2 Hz to 1000Hz (particularly for frequencies below 2Hz) 
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Specifications for Type 8306 are as follows: 

Charge Sensitivity:* 

Voltage Sensitivity:* 

Frequency Range: 

Acceleration Range: 

Transverse Sensitivity:* 

Base Strain Sensitivity:** 

Magnetic Sensitivity:** 

Acoustic Sensitivity: 

10,000 pC/g ± 2% 

10 V/g ± 2% 

0.2 Hz to 1000Hz(± 10% limits) 

1o-5 g to 1 g (9.8 10-5 mfs2 to 
9.81 m/s2 ) 

< 0.0001 g/pstrain in base plane 

0.03 g/kGauss (50-400Hz) 

<0.003 gat 154 dB SPL 

Temperature Transient Sensitivity:** 

Max. Ambient Temperature: 

Base Material: 

Mounted Resonance (Nominal): 

Preamplifier Gain: 

Output Terminals: 

Construction: 

Piezoelectric Material: 

Voltage Output: 
Impedance 
Load impedance 
Output voltage 
Standing voltage at terminal 
Output current 
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<0.0004 g/°C at 0.3 Hz LLF with pre­
amplifier Type 2626 

Stainless steel AISI 303 

2500Hz 

0 dB approx. 

"Voltage" and "Charge" 10-32 N F 
miniature connectors 

C.M. 

MT8 

<5oon 
>5okn 
10 V peak max. 
14 V DC 
1.4 rnA peak 



Charge Output: 
Impedance 
Load 

Noise: 

Filter: 

Power Connection: 

Mounting Thread: 

Power Required: 

Dimensions: 

Weight: 

Accessories Included: 

<500 n in series with 1000 pF 
Charge amplifier 

40 J1V equivalent to 4 X 1 o-6 g (2Hz 
to 1 kHz) 

Active low pass. Attenuation 18 dB/ 
octave above 1 000 Hz 

10-32 NF miniature plugs 

10-32 NF 

2 rnA at 28 V DC 

49 mm (1.93 in) dia 
57 mm (2.24 in) high 

600 gm ( 1.32 I b) 

1 Signal Cable (3m) AO 0089 
1 Power Cable (3m) AO 0089 
1 Miniature plug to B & K plug adapter 
JP 0028 
5 Mounting studs 10-32 NF YO 2960 
Mounting Wax 
5 Adhesive mounting discs 
Mahogany case 

11.11. SUBMINIATURE ACCELEROMETER TYPE 8307 

The Subminiature Accelerometer Type 8307 weighing only 0.4 grams 
satisfies the need for the very small, light weight transducer necessary where 
external mass influence is particularly critical. Heavy transducers would 
change the mode of vibration thus invalidating the results obtained. 

* Individual values given on calibration chart 
** Re. ANSI S 2.11-1969 
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Fig.11.23. Subminiature Accelerometer Type 8307 

The resonant frequency is 75 kHz which allows operation up to 25kHz 
within + 10% sensitivity deviation level. Construction is of the shear type 
(Fig.3.2) based on a piezoelectric element of lead zirconate titanate. The 
whole construction is mounted on a base of beryllium which is drilled to 
take the low noise teflon cable. The cable is rigidly bonded to the base to 
minimise accelerometer response due to cable movement. 

The combination of shear configuration for the sensing element and a 
beryllium base ensures a very low base strain sensitivity. 

The accelerometer is designed to be mounted by means of wax for low 
level measurements or with a quick setting cyanoacrylate adhesive for the 
more severeapplications. 

Specifications for the accelerometer are: 

Voltage Sensitivity:* 

Charge Sensitivity:* 

Frequency Range:* 
5% 
10% 

Dynamic Range: 

Max. Shock: 

Mounted Resonance Frequency: 

Transverse Sensitivity:* 

Max. Ambient Temperature: 
(LLF 3Hz) 

Max. Temperature Transient 
Sensitivity ** (3 Hz LLF): 

Magnetic Sensitivity: 
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"'1.'2 mV /g 

"'0.4 pC/g 

1 - 15,000 Hz 
1 -25,000 Hz 

± 3000 g continuous rating 

10,000 g 

75kHz 

<5% 

< 0.05 g/kGauss (50- 400 Hz) 



Max. Acoustic Sensitivity: * * 
(equivalent gat 154 dB SPL) 

Capacitance including Cable:* 

Lowest Leakage Resistance: 
At 20°C 

Base Strain Sensitivity:** 
(in plane of base) 

Construction: 

Weight:* 

Piezoelectric Material: 

Type of Connection: 

Material: 
Base 
Housing 

Provision for Water Cooling: 

Height: 

Diameter: 

Accessories Included: 

0.01 

300 pF 

0.005 g/pStrain 

Shear 

0.4 gm excluding cable 

MT8 

Integral 

Beryllium 
Aluminium 

No 

6.5 mm (0.25 in) 

5 mm (0.2 in) 

1 AO 0037 Low noise cable with plugs 
(to 100°C). 
1 JJ 0032 Extension connector 
25 YO 0073 Adhesive Mounting Discs 

11.12. 100000 g SHOCK ACCELEROMETER TYPE 8309 

Fig.11.24. 100,000 g Shock Accelerometer Type 8309 
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Accelerometer Type 8309 is particularly applicable to the measurement 
and analysis of high level shocks. Typical applications are in the measure­
ment of shocks due to explosions, tests on pneumatic impact tools such as 
rock drills, and shock measurements on the valves of the internal combus­
tion engine. The transducer's rugged construction ensures reliable operation 
under the severe conditions imposed by such environments. 

The 8309 is of the centre mounted compression design using a specially 
formulated piezoelectric ceramic. It is of small size and low weight, an essen­
tial requirement where extra mass can change the dynamic characteristics of 
smaller test objects. The 300 mm long integral cable gives the advantage of a 
reduced size and weight over transducers with plug and socket type connec­
tors are of doubtful reliability at shock levels as high as 100000 g. An exten­
sion cable of 1.2 m length is supplied in addition to the integral cable. 

The rather high transverse resonance frequency of the 8309 is a particu­
larly acceptable feature in high shock measurement where the cross motion 
of a test object is sometimes difficult to define. 

All of the B&K charge and voltage preamplifiers are suitable for use with 
the 8309 but care should be taken when using the Voltage Amplifier Type 
2623 that the maximum input voltage of 10V peak is not exceeded. In this 
case the signal could be attenuated by adding extra cable between the trans­
ducer and the preamplifier. 

When using conditioning amplifiers Type 2626, 2628 or 2650 with a 
Type 8309 having a sensitivity of, for example, 0.0326 pC/g, set the con­
ditioning amplifiers to 3.26 pC/g and read the VOL TS/g OUT setting as 
VOLTS/100 g OUT. 

It is normally accepted that for pulse shapes similar to a half sine, the 
minimum pulse length for less than 10% amplitude error is 5/fr (fr = acceler­
ometer resonant frequency)' the amplitude error being a re.sult of the 
"ringing" effect. For the 8309 this gives a minimum pulse length of 30 J.lS. 
However, compensating for the accelerometer resonance by introducing a 
low pass filter in the preamplifier, it is possible to effectively damp the 
resonance and improve the frequency response as shown by Fig.11.25. Using 
a filter with 12 dB/octave roll off, and upper cut off frequency 0.5 of the 
accelerometer resonance frequency, pulse lengths down to 1/f r (6 fJ.S for 
8309) can then be handled with an amplitude truth within 10%. Well suited 
to this purpose is Charge Amplifier Type 2626 or 2628 switched to "linear", 
where the upper cut-off frequency is 100kHz. 
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Fig. 11.25. (Use of low-pass filter to eliminate the effect of accelerometer 
resonance). 

Zero shift is a phenomenon peculiar to piezoelectric accelerometers sub­
jected to very high dynamic stresses. It manifests itself as a small voltage 
output from the accelerometer after the shock pulse has passed. Zero shift 
has been reduced to negligible proportions in the 8309 by careful treatment 
and handling of the piezoelectric disc. 

Rigid mounting is particularly important when using the 8309 at high 
shock levels. The integral, threaded fixing stud is adequately dimensioned to 
transmit the motion of the test point to the piezoelectric element without 
distortion. !t is important that the fixing surface should be smooth and flat 
and that the accelerometer is screwed down to the specified torque. 

The Accelerometer Type 8309 is available as Accelerometer Set 
Type 8309 S or as Accelerometer Package Type 8309 P. 
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The Accelerometer Set Type 8309 S contains: 

One 100,000 g Shock Accelerometer Type 8309 
One low noise extension cable 
Two extension connectors 
Microplug to B&K plug adaptor 
Wax 
Screw tap for 5 mm thread 
Individual calibration chart 

AO 0037 
JJ 0032 
JP 0028 
YJ 0216 
OA 0068 

The Accelerometer Package Type 8309 contains five packets, in each of 
which is: 

One 100,000 g Shock Accelerometer 
One low noise extension cable 
One extension connector 
Individual calbiration chart 

Specifications for the accelerometer are: 

Voltage Sensitivity:* 
(with 1.2 m extension cable) 
(without extension cable) 

Charge Sensitivity: * 

Frequency Range: * 
5% 
10% 

Max. Shock: 
(Positive or Negative) 

Resonance: 
Mounted 

Transverse Sensitivity:* 

Transverse Resonant Frequency: 

Max. Ambient Temperature: 

154 

0.2-0.3 mV/g 
0.5-0.6 mV/g 

0.03- 0.04 pC/g 

1 - 36,000 Hz 
1 - 60,000 Hz 

100,000 g 

180kHz 

max. 5% 

28kHz 

AO 0037 
JJ 0032 



Temperature Transient Sensitivity:** 
(LLF 3Hz) 64 gt C 

Magnetic Sensitivity: 0.3 g/kGauss 

Capacitance including Integral Cable:* 90 pF 

Lowest Leakage Resistance: 
At 20°C 
Typical value at 120°C · 

Base Strain Sensitivity:** 
(in plane of base) 

Construction: 

Weight:* 
Excluding integral cable 
Including integral cable 

Material: 

Mounting Thread: 

Provision for Water Cooling: 

Height: 
Excluding threaded spigot 

Spanner Size: 

20,000 MS1 
20,000 MS1 

0.5 g/pStrain 

C. M. 

3gm 
5gm 

Stainless Steel AISI 316 

M5, 5.6 mm long 

No 

10.7 mm (0.42 in) 

7 mm 

* Individual values given on calibration chart 

Re ANSI S2. 11-1969 
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BROEL & KJA:R 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 

BRilEL&I<'-'A:.R 
. DK-2850 Nrerum, Denmark. Teleph.: (01) 80 05 00. Cable: BRUKJA, Copenhagen. Telex: 15316 



Artisan Technology Group is an independent supplier of quality pre-owned equipment 

Gold-standard solutions 
Extend the life of your critical industrial, 

commercial, and military systems with our 

superior service and support. 

We buy equipment 
Planning to upgrade your current 

equipment? Have surplus equipment taking 

up shelf space? We'll give it a new home. 

Learn more! 
Visit us at artisantg.com for more info 

on price quotes, drivers, technical 

specifications, manuals, and documentation. 

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, representative, or authorized distributor for any manufacturer listed herein. 

We're here to make your life easier. How can we help you today? 
(217) 352-9330 I sales@artisantg.com I artisantg.com 


