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1. INTRODUCTION 

With the advent of modern jet or rocket propelled vehicles, the vibrations 
caused by the environment and the motive force can no longer be simulated 
realistically by sweep sine wave testing. The sweeping sine wave test is 
sufficient where the main cause of damaging or adverse vibration is rotating 
machinery. 

The vibration environment caused by the new propulsion methods is now 
not dominated by simple periodic vibration signals. The vibration 
experienced by a fast moving vehicle due to air turbulence and the 
excitation caused by the motor show an almost continuous frequency 
spectrum and the amplitude at any instant can only be determined by 
statistical methods. To produce conditions which will simulate this vibration 
environment, the wide band random test has been developed. 

The Bri.iel & Kjcer Automatic Shock-Random Equalizer-Analyzers Types 
3378, 3379, 3380, when used in conjunction with power amplifiers and 
shaker systems, provide means for automatically performing random vibra
tion and shock tests to prescribed test specifications. 

For random vibration testing, fully automatic equalization of accelera
tion spectral density may be performed at either the test level or at 20 dB 
below the test level followed by a burst of the required time duration at the 
full test level. Automatic timing for the test interval is also provided. 

For shock testing, fully automatic equalization of the acceleration shock 
spectrum is performed at the reduced level with repetitive shocks. After 
equalization, one or more shocks at the .full test level may be applied by the 
operator. 

Each of the systems, Types 3378, 3379, and 3380, which differ in fre
quency range, number of filter channels and filter bandwidths, consists of a 
Control Unit Type 1406, and one or two Equalizer/Analyzers Types 1632, 
1633, 1634 or 1635, each containing 60 channels. 

Each system can accept up to four Equalizer/Analyzer Units (240 
channels) which can be combined to cover a maximum frequency range of 
1 Hz to 10kHz with a wide variety of bandwidth combinations. 
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The Control Unit contains the random and shock signal sources, band 
limiting filters, control switching, metering circuits, and general system 
circuitry. 

Each Equalizer/Analyzer Unit contains up to 60 channels of equalizer 
filters, automatic gain control (AGC) circuits, analyzer filters, level setting 
attenuators, detector amplifiers, averagers and lamp displays. 

Automatic eq~alization of test specimen fixture and shaker resonance 
interactions takes place as long as each equalizer/analyzer channel operates 
within the range of the AGC circuits. To check that this condition is 
fulfilled, the state of each channel is monitored by a three lamp display. 
When the centre (green) lamp is lit, the automatic gain control circuit is in 
its operative range and continued illumination of this lamp shows that the 
applied signal is equalized. 

The system may also be used as an analyzer to obtain fast (accurate) 
analysis of spectral density or shock spectra. 

The system may be used with other transducers, for example to control 
the acoustic noise level in an acoustic chamber. 

8 



2. CONTROLS 

2.1. CONTROL UNIT TYPE 1406 

2.1.1. Front Panel 

Meter Filter, F1, F Unequalized Signal Levels 

I. OdB 

Fig.2. 1. Front Panel of the Control Unit 

POWER On/off switch to connect AC mains 
power to the CONTROL UNIT and 
the EQUALIZER/ANALYZER Units. 
Illumination of the meter scales of the 
CONTROL Unit and the lamp display 
of the EQUALIZER/ANALYZER Units 
indicates the "On" condition. 

The remaining controls of the front can be conveniently grouped under 
two function headings. 

EQUALIZATION SECTION: 

EQUALIZED SIGNAL: A four position switch which selects the 
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COMPRESSOR MODE: 

"Off" 

"Stand-by" 

"Equalize" 
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shock or random, internal or external 
signal source. 

A four position switch which selects the 
following conditions, 

The automatic gain control {AGC) 
circuits of all the active channels are 
held at maximum gain. The upper red 
lamps for all the active channels on 
the EQUALIZER/ANALYZER Units 
should be I it, and the AVE RAGE COM
PRESSION METER on the CONTROL 
UNIT should indicate 0 dB. 

The automatic gain control (AGC) cir
cuits are held at minimum gain. The 
lower red lamps for all channels should 
be lit, and the · AVERAGE COM
PRESSION METER on the CONTROL 
UN IT should indicate greater than 
80 dB. 

The AGC circuits for the active channels 
are in closed loop operation. The 
AVERAGE COMPRESSION METER 
should indicate a value between 0 and 
80 dB for normal operation. Equaliza
tion is accomplished at spectrum levels 
which are 20 dB below the settings on 
the EQUALIZER/ANALYZER Units. 
Complete equalization is indicated by a 
stationary reading on the AVERAGE 
COMPRESSION METER and the centre 
green lamp illumination for all the 
active channels on the EQUALIZER/ 
ANALYZER Units. 

The gain of all the AGC circuits may be 
held by the front panel switch COM
PRESSOR "Hold", see below. 



"Test" 

COMPRESSOR: 
"On" 

"Hold" 

PUSH FOR SHOCK TEST: 

The overall signal is increased by 20 dB 
above the level in the "Equalize" Mode. 
This transmits the desired spectrum 
levels set on the attenuator sliders on 
the EQUALIZER/ANALYZER Units to 
the load. 

The AGC circuits may be in closed loop 
operation for Random signals only. The _ 
COMPRESSOR "Hold" option is 
available. 

For shock signals the gains of all 
channels are held at 20 dB above the 
values determined in the "Equalize" 
mode. 

The AGC circuits are in closed loop 
operation during the "Equalize" mode 
and also for random signals in the 
"Test" mode. When the "Test" mode is 
selected for shock signals the gains of 
the AGC circuits are automatically held. 

The gains of the AGC circuits are held 
constant for both the "Equalize" and 
the "Test" modes. 

A momentary contact push button 
switch for use in the test mode for 
shock signals (COMPRESSOR MODE 
"Test" position). The test shock or 
shocks are transmitted to the load by 
depressing the button. If the button is 
depressed and then immediately re
leased, a single shock will be transmitted 
to the power amplifier approximately 
0.6 seconds after the button is pressed. 
If the button is pressed and held down, 
repetitive shocks will occur, with inter
vals of 0.6 seconds, until the button is 
released. The last shock will occur up to 
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RANDOM TEST TIME: 

MAX. OUTPUT: 
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0.6 seconds after release. Single shocks 
can be generated any number of times 
by pressing the button and quickly re
leasing. 

Note: The switch will also function as 
described above in the COMPRESSOR 
MODE "Off" position for shock signals. 
The switch is not active for other modes 
of action. 

A four section thumb wheel selector ac
tive only in the COMPRESSOR MODE 
"Off" and "Test" positions. When the 
switch is "On" as indicated by the first 
section, the signal is transmitted to the 
amplifier for the length of time incli
cated on the last three sections ( 1 to 
999 seconds). The signal is removed at 
the end of the indicated time period. 
The timer can be reset by switching the 
RANDOM TEST TIME selector to 
"Off", or by -turning the COM
PRESSOR MODE switch to "Equalize". 
Also the output switch (MAX. OUT
PUT) must be reset by turning it fully 
counter-clockwise. 

A single turn potentiometer with an 
approximately logarithmic charac
teristic. With the COMPRESSOR MODE 
switch in the "Off" position, the MAX. 
OUTPUT potentiometer acts as gain 
control for the signal applied to the 
power amplifier. It controls the 
AVERAGE COMPRESSION for closed 
loop operation when the COM
PRESSOR MODE switch is in either the 
''Equalize" or "Test'' position. The 
optimum position of the MAX. 
OUTPUT potentiometer is when all the 
active channels of the EQUALIZER/ 
ANALYZER Units display a green light 



SCALE FACTOR: 

LOAD: 

"Normal" 

"By-pass" 

AVERAGE COMPRESSION 
METER: 

CAL. 0 dB: 

with as little average compression as 
possible. This indicates that the AGC 
circuits are operating within their 
ranges. 

A five position switch which changes 
the scale values of the attenuator sliders 
on the EQUALIZER/ANALYZER 
Units by + 20 dB, + 10 dB, 0 dB, 
-10 dB or -20 dB. This extends the 
range for random signals from 
10-5 g2/Hz to 103 g2/Hz, and for 
shock signals from 1 g to 1 o4 g. 

A two position switch which selects a 
"Normal" or "By-pass" operation. 

The equalized signal is fed to the power 
amplifier and the accelerometer return 
signal controls the equalization. 

The equalized signal by-passes the 
exciter system and is fed internally to 
the accelerometer input. This enables a 
check of the 3380 (3378, 3379) system 
before major vibration tests. 

Indicates the average compression of all 
active AGC circuits. Full equalization is 
indicated by a stationary reading 
(between the limits) on the meter. The 
0 dB position should be calibrated for 
the number of active channels on the 
EQUALIZER/ANALYZER Units using 
the CAL 0 dB potentiometer located 
below the AVERAGE COMPRESSION 
METER. 

For calibration of the 0 dB position on 
the AVERAGE COMPRESSION 
METER. To Calibrate, turn the COM
PRESSOR MODE switch to "Off" and 
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UNEOUALIZED SIGNAL 
LEVELS 1,2: 

LOW FREQUENCY: 
"Boost" 

"Flat" 

SIGNAL BAND: 
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adjust the CAL 0 dB potentiometer 
until the pointer aligns with the 0 dB 
graduation. The MAX. OUTPUT control 
must be in the "Reset" position. 

Two single turn potentiometers for 
adjusting the level of the respective in
puts applied to the rear panel BNC 
sockets marked UNEOUALIZED IN
PUTS (see Fig.2.2). The signals are not 
equalized but mixed with the equalized 
signal and applied to the power ampli
fier. 

The frequency response of the output 
amplifier below 150Hz is given a 
20 dB/decade boost until an additional 
gain of 16 dB is reached at approx
imately 23 Hz. This compensates for 
the low frequency response charac
teristic of most exciters and keeps the 
AGC circuits of the active low 
frequency channels within their normal 
regulating range. 

The frequency response of the output 
amplifier is flat. 

A six position switch which limits the 
band of frequencies applied to the 
power amplifier to the frequency band 
of interest to the test. It provides a 
40 dB/decade cut off for frequencies 
slightly above the selected value. The 
limiting values range from 150Hz to 
10· kHz. The attenuation at the selected 
frequency is approximately 1 dB. The 
gain in the pass-band is automatically 
increased for the lower cut-off 
frequencies so that the maximum RMS 
signal voltages are relatively independ
ent of test bandwidth. 



ACCELERATION METER SECTION: 

ACCELERATION METER: 

METER RANGE: 

METER GAIN: 

METER FILTER F1, F2: 

FIL TEA INPUT SELECTOR : 

Indicates the RMS acceleration on one 
of two numerical scales depending on 
full scale range selected. A dB scale is 
included which indicates up to 20 dB 
below full scale deflection. In addition 
there is a percentage scale to aid meas
urement of noise outside the test band. 

Note: for correct meter reading the 
feedback signal must be conditioned to 
10 mV/g. 

A five position switch which selects the 
full scale range of the ACCELERATION 
METER. The full scale ranges are 3, 10, 
30, 100 and 300 g RMS. 

A single turn potentiometer to control 
the sensitivity of the ACCELERATION 
METER. Maximum attenuation approx. 
12 dB. The ACCELERATION METER 
reads directly in g RMS in the "Cal" 
position when the feedback signal is 
conditioned to 10 mV /g. 

Two eleven-position switches which 
select the cut-off frequencies for the 
meter band pass filter. Low frequency 
cut-off is designated f 1 , and high 
frequency cut-off is designated f2. The 
attenuation value outside the pass band 
is 40 dB/decade and the response at 
each cut-off frequency is -3 dB. 

A four position switch for selecting the 
meter input signal and the desired filter 
characteristic. 

In the two "Ext." positions the signal 
for display is derived from the rear 
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2.1.2. REAR PANEL 

panel BNC socket marked EXTERNAL 
METER INPUT. 

In the two "Int." positions, the signal 
from the rear panel BNC socket marked 
ACCEL. INPUT 10 mV/g is monitored. 

In the two "f 2 - f 1 " positions, a band 
pass filter is inserted between the signal 
input and the meter circuit. The cut-off 
frequencies of the band· pass filter are 
selected by the two METER FILTER 
switches. 

In the two "f2" positions, only the 
low-pass portion of the meter filter 
circuit is active. 

Note: When the FILTER SELECTOR is 
in one of the two "Int." positions, the 
return signal to the analyzer section 
may be monitored from the EXTER
NAL METER INPUT socket on the rear 
panel. 

Fig.2.2. Rear Panel of the Control Unit 
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MAINS VOLTAGE SELECTOR 
and FUSE: 

Chassis 

For selection of correct AC mains 
supply voltage, unscrew the central fuse, 
and turn the switch using a coin or wide 
bladed screwdriver. 

The equipment may operate on 100, 
115, 127, 150, 220, or 240 Volts (50-
60Hz). The fuse is 250 V, 200 rnA 
rated. The power socket is located 
below the selector. For connections see 
Fig.2.3. 

AC Supply 

27-2ool 

Fig.2.3. A. C. Power Socket 

CHASSIS, SIGNAL-GROUND: 

EQUALIZER FILTERS: 

Choice of equipment CHASSIS or SIG
NAL GROUND as reference point may 
be selected as required by the two ter
minals and the associated shorting plate. 
(See section 4.1). 

Four 4-pin CANNON connectors Type 
WK-4-325 (B & K Type JP 1004) which 
provide signal connections to and from 
the equalizer filters for up to four 
EQUALIZER/ANALYZER Units. An 
identical connector is located on the 
rear of each EQUALIZER/ANALYZER 
Unit. (Cable AO 0081). 
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ANALYZER Fl L TERS: 

MODE SWITCHING: 

EQUALIZED INPUT: 

UNEQUALIZED INPUTS 1, 2: 

RANDOM: 

ACCEL. INPUT 
10 mV/g: 
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Four 3-pin CANNON connectors Type 
WK-C3-325 (8 & K Type JP 0304) 
which provide signal connections to the 
analyzer filters for up to four 
EQUALIZER/ANALYZER Units. An 
identical connector is located on the 
rear of each EQUALIZER/ANALYZER 
Unit. (Cable AO 0082). 

Four 6-pin CANNON connectors Type 
WK-6-325 (8 & K Type JP 1005) which 
provide reference voltage for shock and 
random signals and the average com
pression meter connections to the 
EQUALIZER/ANALYZER Units. An 
identical connector is located on the 
rear of each EQUALIZER/ANALYZER 
Unit. (Cable AO 0083). 

Isolated 8NC socket for input of 
external signal to be equalized. 

Isolated 8NC sockets for input of up to 
two unequalized signals for addition to 
the equalized signal. 

Isolated 8NC socket which provides a 
terminal-peak sawtooth output of 
10 VPP and period 0.6 seconds. This 
corresponds to 1000 g repetitive shock 
pulses and may be used for calibration 
or triggering purposes. 

Isolated 8NC socket providing a random 
noise RMS voltage output of 1.28 V and 
a flat spectral density of 10-4 v2 /Hz 
from 1 0 Hz to 10 kHz. This corresponds 
to a 1 g2 /Hz acceleration spectral densi
ty and may be used for calibration pur
poses. 

Isolated 8NC socket which accepts the 
control signal conditioned to a sen-



POWER AMPLIFIER: 

EXTERNAL METER INPUT: 

FREO. RESP.: 

"Random" 

"Shock" 

COUPLING: 

"AC" 

"DC" 

MAX. OUTPUT: 

sitivity of 10 mV /g giving a calibrated 
meter display. 

Isolated BNC socket which provides the 
driving signal for the power amplifier. 

Isolated BNC socket which enables an 
external signal to be applied to the 
meter circuit if the FILTER INPUT 
SELECTOR is in one of the "Ext." 
positions. For voltage measurements the 
full scale values are equivalent to 30, 
100, 300, 1000, 3000 mV RMS, 
depending on the position of the 
METER RANGE switch. 

A two position toggle switch used in 
conjunction with the EQUALIZER 
INPUT for recording frequency 
responses in the COMPRESSOR "Hold" 
mode. · 

For recording frequency responses fol
lowing random equalization. 

For recording frequency responses fol
lowing shock equalization with the 
internal shock generator. 

A two position toggle switch to select 
coupling to the power amplifier. 

A 3,uF capacitance is in series with the 
POWER AMPLIFIER socket on the rear 
panel. For power amplifiers with input 
impedances of 10 kr! or more, this con
nection is satisfactory down to 5 Hz. 

Provides direct coupling to the power 
amplifier. 

A two position toggle switch which 
changes the gain and the clipping level 
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"2 vrm/10 vrms" 

of the signal appearing at the POWER 
AMPLIFIER socket. 

A maximum output of 2 V R MS or 
10 V R MS may be selected. 

2.2. EQUALIZER/ANAL VZER TYPE 1632, 1633, 1634, or 1635 

2.2.1. Front Panel 

Fig.2.4. Front Pan~/ of Equalizer/Analyzer Unit (Type 1635) 

A.G.C. LAMP INDICATION: 

Upper Red Lamp, "Low" 
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A three lamp display for each filter 
channel in the EQUALIZER/ 
ANALYZER Unit. The "On" condition 
for each lamp is described below. The 
channel number is located above each 
three-lamp indicator assembly. 

This lamp is lit for all the active 
channels when the COMPRESSOR 
MODE switch is "Off", and the LEVEL 
SET ATTENUATOR setting is in the 
operative range. When the COM
PRESSOR MODE switch is in either the 
"Equalize" or "Test" position illu
mination of this lamp indicates that the 
spectrum is too low. This may be 
remedied by increasing the gain by 



turning the MAX. OUTPUT potentio
meter clockwise. 

Centre Green Lamp, "In Range" This lamp is lit for all the active 
channels when the COMPRESSOR 
MODE switch is in either the 
"Equalize" or "Test" position and the 
corresponding A.G.C. circuit control 
voltage is in the operative range. 

Lower Red Lamp, "High" 

LEVEL SET ATTENUATORS: 

This lamp is lit when the COM
PRESSOR MODE switch is in the 
"Stand-by" position or if the individual 
LEVEL SET ATTENUATOR slider is in 
the "Off" position (i.e. lowest position), 
or whenever the "Stand-by" lamp is lit. 

Illumination of this lamp (for an active 
channel) when the COMPRESSOR 
MODE switch is in either the 
"Equalizer" or "Test" position indicates 
that the spectrum is too high. This may 
be due to the LEVEL SET A TTEN
UATOR slider position being too low 
relative to adjacent channels or to 
distortion products interfering with, or 
"jamming" the particular channel. The 
distortion, for example, can be caused 
by the test specimen lifting from the 
mounting surface at high frequencies 
due to incorrect mounting. The lamp 
may also be lit if the compression is too 
high (more than 60 dB). Turning the 
MAX. . OUTPUT control counter 
clockwise may restore a green lamp. 

Slide attenuators which cover a 41 dB 
range in 1 dB steps. The sliders should 
be set to the nearest whole dB grad
uation on the scale. The attenuators 
enable the programming of a desired 
spectrum. The "Off" position of the 
slider enables that particular channel to 
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1.2.2. Rear Panel 

be effectively removed, since the gain of 
the A.G.C. circuit for that channel is 
reduced to its minimum value. The 
AVERAGE COMPRESSION METER 
should be recalibrated using the CAL 
0 dB potentiometer when the number , 
of active channels is altered. 

The channel number is located below 
and the channel centre frequency above 
each attenuator slot. The scale for the 
random acceleration spectral density is 
located on the left of the attenuators, 
and the shock spectrum scale is on the 
right of the attenuators. The reference 
level, 0 dB corresponds to 1 g2/Hz and 
1 g for the random spectral density and 
shock spectrum respectively. The scales 
are graduated for the "0" position of 
the SCALE FACTOR switch on the 
CONTROL UNIT. The "-20", "-10", 
"+ 10" and "+ 20" dB positions on this 
switch makes the reference level, 0 dB, 
on the scales correspond to 1 o-2, 
10- 1, 10, 102 g2/Hz, and 10- 1 , 

3.16 x 10- 1, 3.16 and 10 g, for the 
random spectral density and shock 
spectrum respectively. 

Zllo6S 

Fig.2.5. Rear Panel of Equalizer/Analyzer unit 
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EQUALIZER FILTERS: 

ANALYZER FILTERS: 

MODE SWITCHING: 

CHASSIS: 

FUSES: 

"+ 16 V DC/-16 V DC" 

MAINS VOLTAGE SELECTOR 
and Ll NE FUSE: 

A 4-pin CANNON connector Type 
WK-4-328 (B & K Type JP 1004) which 
provides signal connections between the 
equalizer filters and the CONTROL 
UNIT. (Cable AO 0081). 

A 3-pin CANNON connector Type 
WK-C3-325 (B & K Type JP 0304) which 
provides signal connections between the 
analyzer filters and the CONTROL 
UNIT. (Cable AO 0082). 

A 6-pin CANNON connector Type 
WK-6-325 (B & K Type JP 1005) which 
receives the reference Voltage for shock 
and random signals and the average 
compression meter connections from 
the CONTROL UN IT. (Cable 
AO 0083). 

A terminal point which accepts either a 
"spade" terminal connector or the 
standard B & K plug JB 0002/3. Enables 
connections to be made to the chassis of 
the EQUALIZER/ANALYZER UNIT 
for shielding purposes. 

Fuses which protect the major DC 
supplies against long term short circuits. 
The fuses are rated 250 V, 2 A, slow 
blowing. 

For selection of correct AC mains 
supply voltage, unscrew the central fuse, 
and turn the switch using a coin or wide 
bladed screwdriver. 

The equipment may operate on 100, 
115, 127, 150, 220, or 240 Volts (50-
60Hz). The fuse is 250 V/1 A rated. 
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Air Intake Grille: 
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The power is switched by a relay 
operated by the CONTROL UN IT via 
the rear panel 4 and 6-pin CANNON 
connectors. 

The power socket is located at the side 
of the selector. For connection see 
Fig.2.3. 

Air filter for cooling system. To clean, 
pry off grille, brush off dust and debris, 
or rinse in isopropyl alcohol. The grille 
can then be snapped back in place. 



3. SYSTEM SET-UP AND PRELIMINARY CHECKS 

3.1. SYSTEM SET -UP 

3.1.1. Installation 

The 3380 (3378, 3379) system can be used free standing (cabinets Type 
A) or mounted in a standard 19 inch rack (cabinet Type C). Care must be 
taken that the ventilation air stream is not blocked: 

EQUALIZER/ANALYZER: induction - rear panel; exhaust - front 
panel attenuator slots. Therefore the system should not be mounted in a 
closed cabinet with additional equipment, such as a power amplifier, which 
emits warm air. 

The EQUALIZER/ANALYZER units must be supported at the rear of 
the unit, not by the front flanges alone. 

Installation in close proximity to equipment which radiates high 
intensity stray magnetic fields should be avoided. 

Before the system is switched on, ensure the voltage selector on each unit 
is set to the correct line voltage. If not, unscrew the central line fuse, and 
turn the selector to the desired position with a coin or wide bladed screw
driver. 

The POWER switch on the CONTROL UNIT also operates a relay in 
each EQUALIZER/ANALYZER UNIT which switches the power on in the 
unit. Therefore power is connected simultaneously to all units. However, as 
the control signals to the relay are provided via the EQUALIZER Fl L TERS 
and the MODE SWITCHING cables, these cables must be connected before 
power can be supplied to the EQUALIZER/ANALYZER UNITS. 

Power "On" condition is indicated by illumination of the meter scales on 
the CONTROL UN IT and the lamp display of the EQUALIZER/ 
ANALYZER Units. 

After switching on, allow a few seconds for the system to warm up. 
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3.1.2. Adjustment of Level Set A ttenuator sliders to reproduce Spectral 
Density or Shock Spectrum Specifications 

Flat Spectrum 

Adjustment of LEVEL SET ATTENUATOR sliders to reproduce a 
specified flat spectral density or shock spectrum within certain frequency 
limits is relatively simple. The scales on the extreme right and left hand sides 
(of the EQUALIZER/ANALYZER Unit) facing the instrument are 
calibrated directly in g and g2/Hz respectively. The SCALE FACTOR switch 
on the front panel of the CONTROL UNIT can alter these calibrated values 
by ± 10 dB or ±20 dB. The position of the SCALE FACTOR switch should 
be chosen to allow the attenuator sliders to be in a low position. This gives 
the best operating conditions for the servo-loop. The sliders of channels 
outside the specified frequency limits should be placed in the "Off" 
position. 

Example: A flat spectral density of 1 g2/Hz is specified in the frequency 
range 20Hz to 500Hz. A standard 3380 system is in use. 

The specification can be set up with respect to the left hand scales on the 
EQUALIZER/ANALYZER Units. All the attenuator sliders for channels 
below 20Hz and above 500Hz should be set to the "Off" position. For the 
standard 3380 this means channels 46 and above should be in the "Off" 
position. A spectral density of 1 g2/Hz could be set up by setting the sliders 
for channels 1 to 45 in the "1" or "0 dB" position on the first 
EQUALIZER/ANALYZER Unit, and having the SCALE FACTOR switch 
in the "0 dB" position. However the sliders should be in the lowest position 
possible for optimum operation of the system. Therefore the spectral 
density of 1 g2/Hz will also be reproduced by positioning the sliders for 
channels 1 to 45 against the "10- 2" or "-20 dB" graduation, and having 
the SCALE FACTOR switch in the "+ 20 dB" position. The latter settings 
will enable the optimum performance to be obtained from the system. 

Note: As the specified spectrum is flat below 150Hz, the LOW 
FREQUENCY switch on the front panel of the CONTROL UN IT should be 
in the "Boost" position, see section 3.1.3. 

Shaped Spectrum 

Adjustment of the LEVEL SET ATTENUATOR sliders to reproduce a 
specified spectral density or shock spectrum which is not flat requires 
preliminary calculation or tabulation. 
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The desired spectrum can be plotted on graph paper in dB (re 1 g2/Hz 
for acceleration spectral density and re 1 g for shock spectrum) versus 
frequency. A table of channel numbers and centre frequencies for the 
particular system in use should be made. From the graph, the nearest whole 
dB values can be obtained for each filter channel in use and entered in the 
table. If the test specifications are in mathematical form, then the dB values 
can be calculated and then entered in the table. Copies of the table can be 
made to obtain a record of settings for that particular specification for 
future use. 

The settings of the LEVEL SET ATTENUATOR sliders are then made 
directly with the aid of the table entries. The sliders for channels outside the 
frequency range of interest should be in the "Off" position. 

Note: If the specifications require a step change of level as a function of 
frequency, the difference in the level setting of adjacent attenuator for the 
active channels should be no more than 5 dB. The step change will be 
adequately reproduced due to the narrow filter bandwidths of the system. 

Example: A spectral density is specified as follows: 

10-2 g2/Hz at 20Hz increasing by 6 dB/octave to 1 g2/Hz at 200Hz 
and flat at 1 g2 /Hz between 200 Hz and 1 000 Hz. 

A standard 3380 system is in use. 

frequency (Hz) 

Fig.3. 1. Graphical Plot of specified Spectral Density Example 
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The desired spectrum can be drawn on graph paper in dB (re 1 g2 /Hz) as 
shown in Fig.3.1. The whole number dB values obtained from the graph for 
the different channel centre frequencies are then entered in the table, as 
shown in Table 3.1. 

Equalizer/Analyzer Type 1634 (3380) 

Filter Centre Level 
Number Frequency Setting 

(Hz) dB 

1 33 -19 
2 28 -17 
3 34 -15 
4 40 -14 
5 46 -13 
6 53 -11 
7 60 -10 
8 68 -9 
9 75 -8 

10 83 -8 
11 92 -7 
12 100 -6 
13 109 -5 
14 118 -4 
15 127 -4 
16 137 -3 
17 146 -3 
18 156 -2 
19 166 -2 
20 177 -1 
21 188 0 
22 198 0 

072027 

Table 3. 1. Example of Level Settings for a Shaped Spectrum 

Channels 23 to 60 on the Type 1634 should also be set on the "0 dB" 
position together with the first 14 channels of the Type 1635. The 
remaining channels of the Type 1635 (i.e. 15 to 60) should be in the "Off" 
position. 
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Fig.3.2. Example of settings of A ttenuator Sliders 

As the EQUALIZER/ANALYZER Units do not have a logarithmic (or 
linear) spacing of channel centre frequencies, this initial 6 dB/octave slope 
will not appear as a straight line. The slope will appear as shown in Fig.3.2. 

Note again that optimum operation of the system is obtained when the 
sliders are in the lowest possible position. In this case, all the slider settings 
could be decreased by 10 dB and the SCALE FACTOR switch placed in the 
"+ 10 dB" position. 

The LOW FREQUENCY switch on the front panel of the CONTROL 
UN IT should be in the "Flat" position, see following section. 

3.1.3. Use of the LOW FREQUENCY switch 

The specified Spectrum envelope may also help to determine the position 
of the LOW FREQUENCY switch on the front panel of the CONTROL 
UNIT. The equalization correction of the exciter characteristics to obtain a 
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Fig.3.3. Simplified Equalization Correction of Exciter Characteristics 

------, Pre-Equalization 

30 

' Correction 20 dB/ decade 
',(Low Frequency "Boost") 

' ' ' ' ' ' ' ' ' ' ' ~ 

150 
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Fig.3.4. Simplified Low Frequency Pre-Equalization 

flat spectrum is shown in Fig.3.3. However the dynamic range required to 
compensate for the exciter resonance (and specimen resonances) and the 
exciter's low frequency characteristic may be greater than the automatic 
equalization range. When ever a flat spectrum at low frequencies is required, 
it may be advantageous to introduce some low frequency pre-equalization. 
The low frequency response of the output amp I ifier can be given a 
20 dB/decade boost below 150Hz by switching the LOW FREQUENCY 
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switch to the "Boost" position. This provides adequate low frequency pre
equalization whenever a flat spectrum at low frequencies (i.e. below 
150 Hz) is required. The equalization correction at low frequencies then 
requires less dynamic range, see Fig.3.4. 

However, if the test specifications follow the low frequency cut-off in 
the exciter response characteristic, (see Fig.3.5), then the LOW 
FREQUENCY switch should be in the "Flat" position. 

Equalization Correction 

- Desired Spectrum 

Exciter Characteristic 

Frequency (Hz) 
.Z 72o.39 

Fig.3.5. Simplified Equalization Correction for Low Frequency com
pensated Specifications 

3.2. PRELIMINARY SYSTEM CHECKS 

The following system checks may be useful if, for example, new test 
specifications are being used, new operatives are being trained, or a partic
ularly expensive specimen is to be tested. The checks may help eliminate 
problems due to operator error. 

3.2.1. Operational Check-Random Vibration 

The correct installation should be made (see section 3.1.1). The check 
procedure is as follows: 

1. Set the controls on the CONTROL UN IT Type l406 as follows: 

COMPRESSOR MODE "Stand-by" 
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EQUALIZER SIGNAL 
Fl LTER INPUT SELECIOR 
UNEQUALIZED SIGNAL LEVELS 
LOAD 
MAX. OUTPUT 

COMPRESSOR 

RANDOM TEST TIME 
LOW FREQUENCY 
METER CONTROLS 

SCALE FACTOR 
SIGNAL BAND 

"Random, Int." 
"Int." 
''0'' 
"By-pass" 
"Reset" 
(fully counter clockwise) 
"On" 

as desired 

as required by test 
specifications 

2. Set the controls on the rear panel of the CONTROL UN IT as follows: 

MAX. OUTPUT 
COUPLING 

as required by 
Power Amplifier 

3. The LEVEL SET ATTENUATOR sliders on the EQUALIZER/ 
ANALYZER Unit(s) should be set according to the test specifications, 
(see section 3.1.2). The scales are only graduated for the "0" position 
of the SCALE FACTOR switch. Therefore, the programming of the 
test specification with the LEVEL SET ATTENUATORS must be 
made with reference to the SCALE FACTOR switch on the CON
TROL UNIT. 

4. Turn the POWER switch "On", and the meter scales on the CON
TROL UNIT and all the lower red lamps on the A.G.C. LAMP 
INDICATION display should be illuminated. The reading on the 
AVERAGE COMPRESSION METER should be greater than 80 dB. 

5. Turn the MAX. OUTPUT potentiometer fully clockwise to "0 dB". 
Switch the COMPRESSOR MODE selector from "Stand-by" to 
"Equalize". The lower red lamps on the A.G.C. LAMP INDICATION 
display for all the active channels should go out, and the correspond
ing centre green lamps light. The AVERAGE COMPRESSION indicat
ed on the meter should move upscale, (i.e. towards the 0 dB position). 

6. After a short time the AVERAGE COMPRESSION indicator should 
stop moving upscale and remain relatively stationary. The time taken 
for equalization depends on the highest time constant of the system 



and the average compression. For random operation only, the time 
should be of the order 500/B, where B is the lowest filter bandwidth 
(in Hz) in the system. 

The specific reading of the meter depends on the setting of the 
LEVEL SET ATTEN UATORS and the MAX. OUTPUT potentiome
ter position. Some small random fluctuations of the meter pointer 
may be noticed, but a stationary average reading indicates that the 
A.G.C. circuits are in closed loop operation. 

7. Switch the COMPRESSOR MODE selector from "Equalize" to 
"Test". The average compression indicated should not change but the 
small random deflection of the meter pointer will still be evident. If 
the "Hold" position of the COMPRESSOR switch is required in the 
actual test, this position may be selected at this point in the system 
check. The AVE RAGE COMPRESSION indicated on the meter 
should remain constant, and the small random deflections should dis
appear. 

The signal level may be monitored, for example, by an oscilloscope 
connected to the EXTERNAL METER INPUT socket on the rear 
panel of the CONTROL UNIT. The signal level will increase by 20 dB 
upon switching to the COMPRESSOR MODE "Test" position. 

3.2.2. Operational Check-Shock Testing 

The correct installation should be made (see section 3.1. 1). The check 
procedure is similar to that described in section 3.2.1, except for the follow
ing amendments: (The item numbers are as used in that section). 

1. EQUALIZED SIGNAL "Shock Int." 

The remaining controls should be set as described in items 1, 2, 3, 4, 5 of 
section 3.2.1. 

6. After approximately two minutes the AVERAGE COMPRESSION 
indicator should stop moving upscale, and remain relatively stationary 
between the limits. The specific reading will depend on the setting of 
the LEVEL SET ATTENUATORS. A small periodic motion of the 
pointer, approximately 0.5 dB, is noticeable. This is due to the period
ic signal pulses used in the "Equalize" mode. 
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7. After the AVERAGE COMPRESSION meter has stopped moving (one 
or two minutes), switch the COMPRESSOR MODE switch from 
"Equalize" to "Test". The AVERAGE COMPRESSION indicated 
should not change but the periodic deflection should disappear. The 
COMPRESSOR "Hold" mode is automatically activated for shock 
signals in the "Test" mode. 

Depress the PUSH FOR SHOCK TEST button momentarily. If the 
signal is monitored, for example, by an oscilloscope connected to the 
EXTERNAL METER INPUT socket on the rear panel of the CON
TROL UNIT, one shock pulse will appear on the screen in less than 
0.6 seconds. The pulse should be 20 dB larger than the pulses ob
tained in the "Equalize" mode. 

Additional shock pulses can be generated by either pressing the but
ton and quickly releasing for single shocks, or by depressing the but
ton and holding down which will provide repetitive shocks of interval 
0.6 seconds. The last shock will occur up to 0.6 seconds after releasing 
the button. 

3.2.3. Adjustments on appearance of a red lamp 

If a particular filter channel fails to perform as described in the above 
system checks, the following procedures may be adopted: 
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1. If the particular channel displays an "Upper Red Lamp" this indicates 
that the signal level in that channel is too low. This may be remedied 
by increasing the gain in all the channels by turning the MAX. OUT
PUT potentiometer progressively clockwise until the "Centre Green 
Lamp" lights indicate that the particular A.G.C. circuit is in its 
operative range. 

2. If the particular channel displays a "Lower Red Lamp", this indicates 
that the signal level in that channel is too high. The appropriate AT
TENUATOR slides may have poor contact with the step attenuator. 
Movement of the slider, once or. twice, over its whole range, and 
returning to its original position, may renew contact. 

If these adjustments fail to equalize that particular channel, the chan
nel may be effectively removed by positioning the slider in its lowest 
position (i.e. "Off" position). This should only be done if the partic
ular channel is outside the range of interest for the test specimen. 



If the channel must not be removed, the system should be repaired 
with reference to the Service Instructions. 

3.3. CALIBRATION OF THE AVERAGE COMPRESSION METER 

The "0 dB" position on the AVERAGE COMPRESSION METER should 
be calibrated for the number of active filter channels on the EQUALIZER/
ANAL YZER Units. This calibration should take place whenever the number 
of active filter channels is changed. The procedure is as follows. 

Turn the COMPRESSOR MODE switch to the "Off" position, wait for 
illumination of the upper red lamps, and adjust the CAL. 0 dB potentiome
ter until the pointer aligns with the 0 dB position. The MAX. OUTPUT 
control should be in the "Reset" position. 
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4. OPERATION 

Detailed operational procedures are given in the following sections. How
ever, a summary of the correct steps to obtain the optimum performance 
from the system is given below. 

1. Install the equipment with reference to section 3.1.1. 

2. Adjust the LEVEL SET ATTENUATOR sliders to the desired test 
spectrum. Remember the reference level is dependent on the position 
of the SCALE FACTOR switch, section 3.1.2. The shape of the de
sired test spectrum at low frequencies also determines the position of 
the LOW FREQUENCY switch to obtain maximum dynamic range of 
the system, (section 3.1.3). 

3. Ensure that the cable interconnection is correct and that ground loops 
are avoided (section 4.1). 

4. Perform the system checks (sections 3.2.1 and 3.2.2) if required. 

5. Test the specimen as described in the OPERATION sections (4.2 to 
4.8). 

4.1. CHASSIS-GROUND INTERCONNECTION 

Spurious noise induced in the return control signal due to ground loops 
may introduce serious problems, particularly in large installations. Fig.4.1 
illustrates how the ground loop is formed and noise introduced. The only 
way to avoid the formation of ground loops is to ensure that grounding of 
the installation is made only at one point. Normally, the system can be 
grounded at the Conditioning Amplifier, or Preamplifier in the return (con
trol) signal path. In this case the shorting link between the CHASSIS and 
the SIGNAL GROUND terminals on the rear panel of the CONTROL UNIT 
should be removed. The control accelerometer should be attached to the 
shaker table or fixture by means of an isolated stud and mica washer which 
ensures electrical isolation. For further details on mounting and use of 
accelerometers see the B & K Accelerometer Instruction Manual, available 
on request. 
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Fig.4.1. Illustration of Ground-Loop Phenomena 
a) Incorrect grounding forms ground loop 
b) Recommended grounding procedure 
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If the system is not grounded at the Preamplifier, the grounding of the 
installation may be made at the 3380 by connecting the shorting link be
tween the CHASSIS and SIGNAL GROUND terminals. 

In either case, interconnection of the CHASSIS terminals on the CON
TROL UNIT and the EQUALIZER/ANALYZER Units is advantageous as it 
provides a static shielding. This will greatly reduce mains "hum". 
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4.2. RANDOM VIBRATION TESTING 

The control signal from the accelerometer, mounted at a suitable point 
on the exciter table or fixture, is connected via a preamplifier to the 
ACCEL. INPUT 10 mV/g socket on the rear panel on the CONTROL UNIT. 
The signal must be conditioned to 10 mV/g (either by conditioning with, 
for example, the B & K Conditioning Amplifier Type 2626, or by using a 
B & K 10 mV/g Uni-gain Accelerometer and a unity gain preamplifier). 

4.2. 1. Internal Source Generator 

A typical set-up is shown in Fig.4.2. 

Power Amp I ifier 2707 

Automatic Shock- Random 

Equalizer-Analyzer 3380 
Exci ter 

4801 

Conditioning Ampl ifier 

2626 

Fig.4.2. Interconnection of system for Random Vibration or Shock Testing 

The controls should be set as described in section 3.2.1 items 1, 2, 3, and 
4, except that the LOAD switch should be in the "Normal" position. 
Continue with items 5 and 6 of section 3.2.1. 
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7. When equalization is established,. slowly turn the MAX. OUTPUT pot
entiometer counter-clockwise until the upper red lamps of one or 
more active filter channels light. Then increase the MAX. OUTPUT 
(by turning the control clockwise) by about 5 dB, and make sure all 
the green lamps are lit and stay lit for all the active channels. Note the 
reading of the AVERAGE COMPRESSION METER and the MAX. 
OUTPUT control. 



This step ensures a maximum signal-to-noise ratio for the driving sig
nal and also ensures that the exciter system would receive a minimum 
overdrive if the control signal were lost. 

8. After equalization is established, switch the COMPRESSOR MODE 
selector to "Test". The AVERAGE COMPRESSION indicated on the 
meter should not change, and all the green lamps for the active chan
nels should remain lit. 

If an automatically controlled test duration is required, the RANDOM 
TEST TIME can be set during equalization. The left hand section of 
the thumb wheel selector should be in the "On" position. The remain
ing sections should be set to the required value (available period from 
1 to 999 seconds, ± 2%). The timer begins the test period when the 
COMPRESSOR MODE switch is turned to "Test". 

9. The test can be terminated manually at any time by switching the 
COMPRESSOR MODE selector through "Equalize" to "Stand-by". 

At the end of an automatically controlled test period, the AMBER 
STAND-BY lamp (positioned immediately above the RANDOM TEST 
TIME selector) should light, and the AVERAGE COMPRESSION in
dication should go to greater than 80 dB. 

10. After an automatically controlled test period, the CONTROL UNIT 
circuits can be reset by turning the MAX. OUTPUT potentiometer to 
"Reset" and the COMPRESSOR MODE selector to "Equalize" or 
"Stand-by". 

4.2.2. External Source Generator 

In some instances it may be desirable to use an external source of vibra
tion signal to drive the test specimen. Fig.4.3 shows a typical set-up where 
the external signal has been pre-recorded on magnetic tape. The test level 
should be normalized to 10 mV/g. 

The system will accurately reproduce the relative spectral content at the 
monitoring (i.e. control) point provided it has been pre-equalized with the 
built-in generator. The controls should be set as described in section 3.2.1 
items 1, 2, 3, and 4, except that the LOAD switch should be in the "Nor
mal" position. The remaining procedure is as follows: 
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Fig.4.3. Interconnection of system for Random Vibration or Shock Testing 
with external source generator 

5. Connect the external test source to the EQUALIZED INPUT socket 
on the rear panel of the CONTROL UNIT. The FREQ. RESP. switch 
should be in the "Random" position. 

Adjust all the LEVEL SET ATTENUATOR sliders of the active chan
nels to the same setting. The setting level may be calculated from the 
following equation: 

G2 
S =-sg2 /Hz 

where S is the setting of the LEVEL SET ATTENUATOR sliders 
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G is the desired test RMS acceleration, measured in the test band
width 

B is the test bandwidth 

The LEVEL SET ATTENUATOR sliders for all filter channels outside 
the test band should be set in the "Off" (lowest) position. 

6. Turn the AMPLIFIER GAIN control on the Power Amplifier to maxi
mum position. 

7. Continue with items 5 and 6 of section 3.2.1. 

8. When equalization is established, with the internal random generator, 
switch the COMPRESSOR to the "Hold" position. 

Turn the MAX. OUTPUT control to "Reset", and the EQUALIZED 
SIGNAL selector to "Random Ext.". 
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9. Ensure the front panel ACCELERATION METER is monitoring the 
acceleration signal over the correct test bandwidth, see section 4.4.2. 

10. Switch the COMPRESSOR MODE selector from "Equalize" to 
"Test", and turn MAX. OUTPUT control clockwise until the correct 
test level is indicated on the ACCELERATION METER. The RAN
DOM TEST Tl ME facility may be used if desired, see section 4.2.1, 
item 7. 

Then, provided the specimen is reasonably linear, the actual spectrum of 
the recorded signal will be present at the control point. 

4.3. SHOCK TESTING 

The control signal from the accelerometer, mounted at a suitable point 
on the exciter table, or fixture, is connected to the ACCEL. INPUT 
10 mV/g socket on the rear panel on the CONTROL UNIT. The signal must 
be conditioned to 10 mV/g (either by conditioning with, for example, the 
8 & K Conditioning Amplifier Type 2626, or by using a 8 & K 10 mV/g 
Uni-gain Accelerometer and a unity gain preamplifier). 

4.3.1. Internal Source Generator 

A typical set-up is shown in Fig.4.2. 

The controls should be set according to section 3.2.1, items 1, 2, 3, and 
4, except that the LOAD switch should be in the "Normal" position and the 
EQUALISED SIGNAL control in "Shock Int." 

It may also be desirable to monitor the control signal by connecting an 
oscilloscope to the EXTERNAL METER INPUT socket on the rear panel of 
the CONTROL UNIT. The remaining procedure is as follows: 

5. Turn the AMPLI Fl E R GAIN control on the Power Amplifier to the 
maximum position. 

6. Continue with items 5 and 6 of section 3.2.1. 

7. When equalization is established, slowly turn the MAX. OUTPUT po
tentiometer counter-clockwise until the upper red lamps of one or 
more active channels light. Then increase the MAX. OUTPUT (by 
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turning the control clockwise) by about 5 dB, and make sure all the 
centre green lamps are lit and stay lit for all the active channels. Note 
the reading of the AVERAGE COMPRESSION METER and the 
MAX. OUTPUT control. 

This step ensures a maximum signal-to-noise ratio for the driving sig
nal and also ensures that the exciter system would receive a minimum 
overdrive if the control signal were lost. 

8. After equalization is established, switch the COMPRESSOR MODE 
switch to "Test". Depress the PUSH FOR SHOCK TEST button mo
mentarily for a single pulse. If the signal is monitored by an oscillo
scope, for example, one shock pulse will appear on the screen in less 
than 0.6 seconds. The pulse should be 20 dB larger than the pulses 
obtained in the "Equalize" mode. 

The scope can be triggered by a signal from the SHOCK, 1 0 V p-p 

socket on the rear panel of the CONTROL UNIT. 

Additional shock pulses can be generated by either pressing the but
ton and quickly releasing for single shocks, or by depressing the but
ton and holding down which will provide repetitive shocks of interval 
0.6 seconds. The last shock will occur up to 0.6 seconds after releasing 
the button. 

9. After the test is complete switch the COMPRESSOR MODE selector 
to "Stand-by". 

4.3.2. External Source Generator 

In some instances it may be desirable to derive the shock spectrum 
applied to the specimen from an external source. If a flat spectrum within 
the desired limits is set up using the LEVEL SET ATTENUATOR sliders, 
and equalization is carried out using the internal shock generator, and then 
an external impulse .is applied to the filters, the oscillatory shock spectrum 
of that impulse will be applied to the system. This enables the shock spec
trum ·of any desired impulse e.g. half sine, to be applied. However the 
exciter/specimen system should be reasonably linear for valid reproduction 
of the desired shock spectrum. 

Fig.4.3 shows a typical set-up where the external impulse (or impulses) 
has been prerecorded on magnetic tape. The controls should be set as de-
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scribed in section 3.2.2 items 1, 2, 3, and 4, except that the LOAD switch 
should be in the "Normal" position and the EQUALISED SIGNAL control 
in "Shock Int." The remaining procedure is as follows: 

5. Connect the external test source to the EQUALIZED INPUT socket 
on the rear panel of the CONTROL UN IT. 

Adjust all the LEVEL SET ATTENUATOR sliders of the active chan
nels to the same setting. The setting level is dependent on the peak 
value of the impulse. The maximum voltage of the input shock im
pulse is dependent on the system used, see Appendix 7 .1.2. 

The LEVEL SET ATTENUATOR sliders for all filter channels outside 
the range of interest should be set in the "Off" position. 

6. Turn the AMPLIFIER GAIN control on the Power Amplifier to the 
maximum position. Continue with items 5 and 6 of section 3.2.1. 

7. When equalization is established (approximately 3 minutes) note the 
position of the MAX. OUTPUT control. Turn the MAX. OUTPUT 
control to "Reset" and the EQUALIZED SIGNAL selector to 
"Shock, Ext.". 

8. Switch the COMPRESSOR MODE selector from "Equalize" to "Test" 
and turn the MAX. OUTPUT control to its previous position. The 
input shock impulse may then be applied to the system by the PUSH 
FOR SHOCK TEST button. 

4.4. USE OF THE ACCELERATION METER SECTION 

4.4.1. General 

The ACCELERATION METER contained in the CONTROL UNIT is 
primarily intended to monitor the total RMS acceleration of the specimen 
within predetermined frequency lim its*. These frequency limits are selected 
on the METER Fl LTER switches which determine the cut-off values of the 
meter band pass filter. 

* The frequency limits fulfill the recommendations of the I.E.C. draft proposal (Doc
ument 50A 133, 1971). 
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The cut-off slopes of the meter filters are ± 12 dB/octave. The 
METER SECT I ON may be used for monitoring acceleration outside the test 
band provided the test specification calls for a flat spectral density. This 
provides a quick method of test confirmation for wide band vibration test
ing. 

The METER SECTION may also be used as an external vibration meter. 

4.4.2. Acceleration Monitoring 

1. Set the meter controls as follows: 

METER GAIN 
FILTER INPUTSELECTOR 

METER FILTER f1, f2 
METER RANGE 

"Cal." 
"Int., f2 or f2 - f 1" 

as desired 
As desired 

As necessary to obtain signi
ficant deflection. 

For monitoring over the test bandwidth the position of the FILTER 
INPUT SELECTOR should be in "f2 - f(' (i.e. band pass filter) and 
the filter cut off values selected should be the same as the limits of the 
test band. 

2. Read the indicated RMS value. However if the filter responses overlap 
each other (e.g. if f2 = f 1) then a correction factor must be included 
to compensate for the filter attenuation. 

3. If the cut off values selected are equal (i.e. f1 = f2 ) and the FILTER 
INPUT SELECTOR is in the "f2 - f 1" position, the filter approxi
mates to an octave band filter. The average spectral density is given by 
the equation 

G 2 
__ ..urn..___ g2 /Hz 
0.278 f1 

s 

where S is the average spectral density 
Gm is measured RMS acceleration, and 
f 1 is the selected centre frequency of the filter ( =f2 ) 

The noise bandwidth, 8, of the filter in this case is 1.1 f1 . 
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4.4.3. Test Confirmation 

The test specification may require acceleration of the speci~~nen outside 
the test band to be measured. For example if the upper test frequency is 
2 kHz, the specification may call for measurements in the range 2 kHz to 
10kHz. The% scale on the ACCELERATION METER enables this measure
ment to be done very quickly. The procedure is as follows: 

1. Set the meter controls as follows: 

METER GAIN 
FILTER INPUT SELECTOR 
METER FILTER, f2 
METER RANGE 

"Cal." 
"Int., f2 " 

Upper lim it of the test band 
As necessary to obtain 
significant deflection 

2. If there is outband noise, then the measured value will be slig~tly 
lower than the actual value because of the filter attenuation ( -3 dB) 
at f2 . The value can be corrected by the equation. 

( 1) 

where Ga is the actual RMS acceleration and 
Gm is the measured RMS acceleration. 

3. Select a lower range on the METER RANGE switch. Adjust the ME
TER GAl N so that full scale deflection of the pointer is obtained. 

4. Switch the FILTER INPUT SELECTOR to the position "f2 -f1", 

and select the cut off values of the filter as given in the specification. 

5. The RMS acceleration outside the test band and within the band 
indicated by the METER FILTER switch positions can be read direct
ly on the % scale as a percentage of the test band RMS acceleration. 

The % scale is calibrated to account for the correction faGtor given in 
equation 1 (item 2) and also compensates for the non-ideal character
istics of the filter. Optimum accuracy is obtained for a flat spectrum 
around f2 as any filter skirt overlap error is elimin~ted. 
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4.4.4. Use as an External Meter 

The ACCELERATION METER SECTION may be used as an external 
vibration meter or AC Voltmeter. Connect the signal to the EXTERNAL 
METER INPUT socket on the rear panel of the CONTROL UNIT, and 
select an "Ext." position on the Fl L TER INPUT SELECTOR. The "f2 " or 
"f2 - f 1" position and the filter cut-off values provided by the METER 
FILTER switches should be selected as required. 

When used as an external voltmeter the RMS voltage is indicated and the 
METER RANGE positions correspond to full scale deflections of 30, 100, 
300, 1000 and 3000 mV. 

When used as an external vibration meter, the RMS acceleration is indi
cated. When the applied signal has already been conditioned to 10 mV/g 
(either by conditioning with, for example, the 8 & K Conditioning Ampli
fier 2626, or using the 8 & K 10 mV/g Uni-Gain Accelerometers* and a 
unity gain preamplifier), the full scale deflection values indicated by the 
METER RANGE switch apply to the measured signal. If the signal is not 
conditioned to 10 mV/g the appropriate correction must be made to the 
indicated value. 

Example: if the applied signal is derived from an accelerometer of sensiti
vity 60 mV /g and a unity gain preamplifier, the full scale deflection values 
indicated by the METER RANGE switch become: 0.5, 1.7, 5, 17,50 gRMS· 

In the general case the METER RANGE values should be multiplied by 
the correction factor 1 0/x, where x is the applied signal sensitivity in mV /g. 

4.5. FREQUENCY RESPONSE FOR TEST CONFIRMATION 

A high resolution indication of the system frequency response of the 
complete equalizer/power amplifier/exciter/specimen system or of the 
equalizer system alone can be obtained to confirm the reproduction of a 
particular test specification provided the system is reasonably linear and the 
resonances are non-interacting. 

* Full details of available B & K Accelerometers and Preamplifiers are given in the 
Accelerometer Instruction Manual, available on request. 
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4.5. 1. Random Vibration 

The sinusoidal frequency response obtained by the following procedure 
gives a high resolution indication of the frequency response of the system. 
In the complete equalizer/power amplifier/exciter/specimen system, this 
indicates the equalized spectral density of the vibration at the measuring 
(control) point during the actual test. The procedure assumes that the inter
nal random generator has a flat spectral density. The internal random source 
in the CONTROL UNIT has flat spectral density of 1o-4 V2/Hz ± 1 dB in 
the frequency range 10 to 10,000 Hz. 

The procedure requires a sinusoidal generator and a level recorder in 
addition to the system equipment. Fig.4.4 shows a set-up using the B & K 
Vibration Exciter Control Type 1025 as the sinusoidal generator and the 
B & K Level Recorder Type 2305. 

The procedure is as follows: 

1. Consult the Instruction Manuals of the generator and level recorder 
used before any interconnection is made. The procedure given here 
assumes a Type 1025 Exciter Control and a Type 2305 Level Record
er are used. 

2. Make the following interconnections: 
Connect the OUTPUT of the 1025 to the EOUALI ZED INPUT socket 
on the rear panel of the CONTROL UN IT. 
Connect the EXTERNAL METER INPUT socket to the INPUT of the 
2305. Turn the Fl L TE R INPUT SELECTOR to one of the "Int." 
positions and switch the FREO. RESP. switch on the rear panel of the 
CONTROL UN IT to the "Random" position. 

3. The COMPRESSOR of the 1025 should be "Off" and the OUTPUT 
VOLTAGE control of the 1025 adjusted to less than 0.5 V RMS. 

4. The normal procedure for automatic equalization of the load with the 
internal random source (see sections 3.1.3 and 4.2.1) should be car
ried out. 

5. Following equalization, turn the COMPRESSOR switch on the CON
TROL UNIT to "Hold", and the MAX. OUTPUT control on the 
CONTROL UN IT fully counter-clockwise to "Reset". This prevents 
the interlock circuitry of the CONTROL UNIT returning the COM
PRESSOR MODE to "Stand-by" when certain switch positions are 
changed in item 6. 
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V ibration Exci ter Contro l 1025 

Level Recorder 2305 

Conditioning Amplifier 
2626 
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Fig.4.4. Interconnection for Recording Frequency Response for Test Con
firmation 

6. Switch the EQUALIZED SIGNAL selector from "Random, Int." to 
"Random, Ext.". 
Adjust the 1025 to a suitable frequency (preferably the frequency of 
maximum response of the system). 
Turn the MAX. OUTPUT control of the CONTROL UN IT slowly 
clockwise until the ACCELERATION METER indicates a recordable 
but nondamaging* level. Calibrate the Level Recorder if required, and 
note setting of OUTPUT from 1 025. An additional 20 dB of output 
voltage may be obtained in the COMPRESSOR MODE "Test" posi
tion. 

7. The frequency response curve can then be plotted. A relatively fast 
scanning speed can be employed (e.g. the scan could take less than 1 
minute). A very long scanning time or excessive time spent for items 6 
and 7 should be avoided as any drift in the COMPRESSOR "Hold" 
mode will show up as an error in the frequency response. 

8. Return the MAX. OUTPUT control on the CONTROL UNIT to 
"Reset", COMPRESSOR MODE switch to "Equalize", and EQUA
LIZED SIGNAL selector to "Random, Int.". 
Turn the MAX. OUTPUT control on the CONTROL UNIT to its 
original test value, and switch to the COMPRESSOR "On" position. 
The test procedure may then be continued (see section 4.2). 

* The appropriate test specifications will recommend a level which corresponds to the 
test spectral density or shock spectrum. 
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Control Signal for Equalization (10 mV/g) 

Conditioning Amplifier · 2 

_ _!'~~~~:_~n.:_r~- _ _ _ _ _ _ _ _ 2626 

-~-~-- I ~.-
Vibration Exciter Control 1025 Level Recorder 2305 

Confirmation 
Signal (10 V/ g) 

Fig.4.5. Alternative Interconnection for Recording Frequency Response for 
Test Confirmation 

An alternative procedure is available for recording the frequency re
sponse for test confirmation. The method is a minor variation on the proce
dure described above, but with the set up shown in Fig.4.5. There the 
confirmation signal is derived from the Conditioning Amplifier instead of 
from the EXTERNAL METER INPUT socket on the rear panel of the 
CONTROL UN IT. The procedure is otherwise identical. 

4.5.2. Shock 

The spectrum of the internal shock source used to excite the filters has a 
6 dB/octave (20 dB/decade) roll off at low frequencies. The spectrum is 
given by 

S(f) ~ 10 ~ + (7;.5JJ _,,2 
(5) 

where S (f) is the shock spectrum. 

The shock spectrum of the output signal is obtained by multiplying the 
equalized frequency response of the system by 10. The Roll-off factor 

[ 1 + ( 7~_ 5 )2]- 112 is inserted electronically by placing the F REO. RESP. 

switch on the rear panel of the CONTROL UN IT in the "Shock" position. 

The procedure for recording the equalized frequency response is similar 
to that described in section 4.5.1. Repeat items 1 to 3 for that section 
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except that the F REO. RESP. switch on the rear panel of the CONTROL 
UNIT should be in the "Shock" position. 

In item 4 the equalization should be carried out using the internal shock 
generator (see sections3.1.4 and 4.3.1). Repeat item 5 and switch the 
EQUALIZED SIGNAL selector from "Shock, Int." to "Shock, Ext." and 
complete items 6, and 7. Complete item 8, except return the EQUALIZED 
INPUT selector to "Shock, Int.". 

The alternative procedure described after section 4.5.1 can also be adopt
ed. 

4.6. ANALYSIS OF RANDOM SIGNALS OR SHOCK SIGNALS 

The 3378/79/80 system may be used as a frequency analyzer to obtain 
the acceleration spectral density of a random signal or the acceleration 
shock spectrum of a pulse. 

4.6.1. Measuring Spectral Density 

Fig.4.6 shows a typical set up for analysis of a random voltage signal 
where the signal is prerecorded on magnetic tape. The signal voltage should 
be less than 2 V RMS. Any sine generator may be used, but a Vibration 
Exciter Control ( 1 025) is assumed for the procedure given here. 
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The procedure is as follows: 

1. Make the following interconnections: 

Connect the OUTPUT of the 7001 to the EQUALIZED INPUT 
socket on the CONTROL UN IT. (Switch in position" 1 "). 

Connect the EXTERNAL METER INPUT socket on the rear panel 
of the CONTROL UNIT to the INPUT of the 2305. 

2. Set the controls on the CONTROL UNIT as follows: 

LOW FREQUENCY 
SIGNAL BAND 

COMPRESSOR 
FILTER INPUT SELECTOR 
LOAD 
SCALE FACTOR 
EQUALIZED SIGNAL 

MAX. OUTPUT 

"Flat" 
above the measuring 
frequency 
"On" 
"Int." 
"Bypass" 
as desired 
"Random, Ext." 

"0 dB" 

The FREO. RESP. switch on the rear panel of the CONTROL 
UNIT should be in the "Random" position. 

3. Set the controls on the Vibration Exciter Control ( 1 025) as fol
lows: 

COMPRESSOR "Off" 

Adjust the OUTPUT VOLTAGE control of the 1025 to produce 
approximately 0.2 V RMS. 

4. Select a reference spectral density level, SP which is in the range of 
values to be measured. An estimate of this level may be obtained 
from the equation: 

S ~ (RMS voltage) 2 x 104 g2/Hz 
r bandwidth 

The reference level should be chosen to be a convenient number, 
(e.g. 0.1, 1, 10, etc.). 

Note: When the SCALE FACTOR switch is in the "0 dB" position 
1 o- 4 V2 /Hz corresponds to 1 g2 /Hz. 
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5. Set all the LEVEL SET ATTENUATOR sliders to the chosen refer
ence level. 

6. Calibrate the Level Recorder directly from the 1025. Connect the 
OUTPUT of the 1025 to the INPUT socket of the Level Recorder 
and adjust the INPUT POTENTIOMETER and the INPUT ATTEN
UATOR until the pen deflection aligns with a particular gradua
tion on the paper. This graduation then becomes the reference level 
dBr which corresponds to Sr. 

7. Reconnect the Exciter Control and the Level Recorder according to 
Fig.4.5 and the settings in item 1. 

8. Allow the system to equalize in the "Test" mode with the external 
random source. Switch the COMPRESSOR to the "Hold" position. 

9. Connect the OUTPUT of the 1025 to the EQUALIZED INPUT 
socket on the CONTROL UN IT (switch in position "2"). The fre
quency response can then be recorded by allowing the 1025 to 
sweep the frequency range. (A relatively fast scanning speed should 
be used to avoid any drift in the COMPRESSOR "Hold" mode 
which may show up as an error in the frequency response). 

1 0. The Spectral Density of the prerecorded signal can be determined 
from the plot obtained on the recording paper by the following 
relationship. 

dB - dBr 

where S is the Spectral Density of the signal, Sr is the reference 
level Spectral Density and dB-dBr is the · distance in dBs of the 
frequency reponse from the reference graduation. 

Note: The frequency response curve obtained is inversely proportio
nal to the spectral density envelope. 

4.6.2. Measuring Shock Spectra 

Fig.4.7 shows a typical set up for analysis of a shock or impulse. The 
signal is prerecorded on magnetic tape. The peak value of the input shock 
signal to the CONTROL UN IT should be less than 3 Volts. 
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Fig.4.7. Interconnection for Measurement of Shock Spectra 

The analysis requires a repetitive pulse train. If the recorded signal is not 
repetitive, a tape loop should be prepared which will enable the signal to be 
repeated with a pulse interval as close as possible to 0.6 seconds. Using the 
7001 the limits of minimum loop length and maximum speed provide a 
repetition period of 1.6 seconds. Tape splice noise in the loop can be ex
cluded from the analysis using the B & K Type 2972 Tape Signal Gate. For 
details, see the instruction manual for the Type 2972. 

The procedure is as follows: 

1. Make the following interconnections: 

Connect the OUTPUT on the 7001 to the EQUALIZED INPUT 
socket on the CONTROL UNIT (switch in position "1"). 

Connect the EXTERNAL METER INPUT socket on the rear panel 
of the CONTROL UN IT to the INPUT of the 2305. 

2. Set the controls on the CONTROL UNIT as follows: 

COMPRESSOR 
FILTER INPUT SELECTOR 
LOAD 
SCALE FACTOR 
EQUALIZED SIGNAL 
LOW FREQUENCY 
SIGNAL BAND 

MAX. OUTPUT 

"On" 
"Int." 
"Bypass" 
"+ 20 dB" 
"Shock, Ext." 
"FIat" 
above the measuring 
frequency 

" 0 dB" 
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The FREO. RESP. switch on the rear panel of the CONTROL 
UNIT should be in the "Random" position. 

3. Set the COMPRESSOR CONTROL on the Vibration Exciter Con
trol ( 1 025) to "Off". 

Adjust the OUTPUT VOLTAGE control of the 1025 to produce 
approximately 0.2 V RMS. 

4. Select a reference shock spectrum level, S5 , which is in the range of 
values to be measured. For oscillatory shocks, an estimate may be 
made from the equation: 

s ~ s 5 X peak signal VOltage X 102 g 

The reference level should be chosen to be a convenient number, 
(e.g. 0.1, 1, 10 etc.). 

5. Set all the LEVEL SET ATTENUATOR sliders to the chosen refer
ence level. 

6. Calibrate the Level Recorder directly from the 1025. Connect the 
OUTPUT of the 1025 to the INPUT socket of the Level Recorder 
and adjust the INPUT POTENTIOMETER, and the INPUT AT
TENUATOR until the pen deflection aligns with a particular gradu
ation on the paper. This graduation then becomes the reference 
level d8

5 
which corresponds to S

5
• 

7. Reconnect the 1025, and the Level Recorder according to item 1, 
and the set up in Fig.4.7. 

8. Allow the system to equalize in the "Equalize" mode with the 
External shock source. The "+ 20 dB" position of the SCALE 
FACTOR switch compensates for the 20 dB attenuation in the 
"Equalize" mode. Switch the COMPRESSOR to the "Hold" posi
tion. 

9. Connect the OUTPUT of the 1025 to the EQUALIZED INPUT 
socket on the CONTROL UN IT (switch in position "2"). The fre
quency response can then be recorded by allowing the 1025 to 
sweep the frequency range. (A relatively fast scanning speed should 
be used to avoid any drift in the COMPRESSOR "Hold" mode 
which may show up as an error in the frequency response). 



10. The Shock Spectrum of the prerecorded signal can be determined 
from the plot obtained on the recording paper by the following 
relationship: 

T S 
dB-dB5 -20 log1 o 

0
_
6 

= 20 log~ 

where S is the shock spectrum of the signal: 
S

5 
is the reference level Shock Spectrum; 

T is the repetition period of the pulses 
dB-dB

5 
is the difference in dB of the frequency response from the 
reference graduation. 

For example if the repetition period is 1.6 seconds the sensitivity 
loss due to the longer period (i.e. not 0.6 seconds) is 8.52 dB. A 
period of 1.89 seconds would give a sensitivity loss of 10 dB exact
ly. 

11. The ripple, E, present due to the gain change between pulses before 
the COMPRESSOR "Hold" mode is selected is given by the follow
ing equation: 

E = _!_ (2__) dB 
2 0.6 

where T is the actual repetition time of the pulses. 

4.7. VIBRATION TESTING WITH MULTIPOINT CONTROL 

When testing large non-rigid structures it may be difficult to establish 
control from a single measuring point which is representative in both level 
and spectrum. In order to avoid excessive under or overtesting, it may be 
desirable to obtain a control signal from several points. The different signals 
are then averaged using a time-division-multiplexing technique. The B & K 
Channel Selector Type 5619 is a fast, two to eight channel multiplexer unit 
which is especially suitable for this purpose. The channers may be scanned 
automatically, and the scanning rate controlled by an external generator. 
For shock testing the Channel Selector can be triggered from the sawtooth 
output on the rear. panel of the CONTROL UNIT. 

Fig.4.8 shows a typical set up for multipoint control. 

The procedure is similar to that described in section 4.2 or 4.3. 
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Fig.4.8. Interconnection for Testing with Multipoint Control 

In the operation of the multipoint-control system the Channel Selector 
connects each accelerometer output in turn to the input of the Equalizer
Analyzer System. The input signal is built up of equal time periods (as
suming an equal "dwell" time in each channel) of the accelerometer signals. 
The signal averaging process is performed in the smoothing circuits of the 
Equalizer-Analyzer system. The resulting control signal is essentially the 
true average of the spectral densities, or shock spectra of all the input 
control signals. 

However certain parameters must be determined to ensure correct oper
ation of the system. The parameters are as follows: 

Number of input control signals, M. 
Dwell time of the single channel, T (sec). 
Filter Bandwidth, B, (Hz) 
Overall response time of the control loop T C' (sec). 

The parameters must be chosen with respect to level fluctuations and the 
spectral spreading of the averaged control signal. As the filter bandwidth, B, 
and the overall response time T c of the control loop is fixed by the particu
lar system in use (i.e. 3378, 3379, or 3380), the remaining parameters, M 
and T, can be determined by the following equations. 

a) Lower Limit of the MT product. 

MT 
~ 1.25 
::::--- 8 JG sec ( 1 

where G is the spectral spreading (cross-talk between adjacent equalizer
filters). 
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Fig.4.9. Lower limit of MT product 

This limit is shown in Fig.4.9. The horizontal lines show the bandwidth 
ranges of the different standard systems. 

b) Upper Limit of the MT product. 

MT ~ETc rr/M 
~ 6.35 sin (rr/M) 

sec (2 

Note the Bandwidth, Averaging Time product (B x Tc) is 32.5 for the 
systems Types 3378, 3379, and 3380. 

E is the fluctuation in dB of the control signal emerging from the Chan
nel Selector due to the time division multiplexing. 

Both G and E can be specified (e.g. less than 2 dB). 

Then provided these two parameters are decided, and having chosen the 
number of control points M, the limits of dwell timeT, for each channel can 
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be calculated from equations 1 and 2 above. The final selection ofT be
tween these limits depends on which criterion is the most important. 

The scanning rate frequency will then be equal to 1/T Hz, and this can be 
provided by an external generator. For example, a dwell time of 0.2 seconds 
corresponds to a scanning rate of 5 Hz. This dwell time, for a 4 point 
control system gives fluctuation in level, E, less than 1 dB and guarantees 
the spectral spreading, G, tower than 0.6 dB over the full frequency range. 

For shock testing, depending on the parameter limits outlined above, the 
trigger signal to change the channel monitoring a control signal may be 
derived from the SHOCK, 10 V PP socket on the rear panel of the CON 
TROL UN IT. This will fix a scanning frequency of 1.67 Hz, and a dwell 
time of 0.6 seconds in each channel. 

4.8. VIBRATION TESTING WITH MIXED SINE AND RANDOM SIGNALS 

Vibration tests may be carried out using a swept sine signal superimposed 
upon a wide band random signal. It is necessary, in this case, to separate the 
sine and random signal in the control loop. This separation may be achieved 
using the B & K Heterodyne Slave Filter Type 2021. A typical set-up is 
shown in Fig.4.10. 

The test level of the sine signal as well as that of the random signal can be 
controlled independently and automatically. The compressor circuit of the 
sine generator (in this case a B & K Vibration Exciter Control Type 1025) 
controls the level of the superimposed sine signal. The feedback sine signal is 

Automatic Shock-Random 
Equalizer-Ana lyzer 3380 

~:' : 'iJ ~- : .. 
~;~ 'l 
•-.,; ~ ~ . 

Random Control Signal 
(Rejection Output) 

Exciter 4801 

Conditioning Amplifier 

2626 

Fig.4. 10. Interconnection for Mixed Sine and Random Vibration Testing 
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obtained from the UNITY GAIN "Filter" socket on the rear panel of the 
2021. The feedback random signal is obtained from the UNITY GAIN 
"Rejection" socket on the rear panel of the 2021. 

The procedure is as follows: 

1. Reference should be made to the relevant instruction manuals, parti
cularly the 2021 manual, before any interconnection or operation. 
The output signal from the 1025 is fed into one of the UNEOUAL
IZED INPUTS. The gain control (UNEOUALIZED SIGNAL 
LEVELS) on the front panel of the CONTROL UN IT should be in the 
"Max." (i.e. unity gain) position. The gain control for the channel not 
in use should be in the "0" position. 

2. The test procedure is then similar to that outlined in sectionn 4.2.1. 
The required sine test level is set up using the 1025 at a suitable 
frequency. Note: During equalization, the "Upper Red Lamps" of 
certain channels will remain lit. These channels will contain the fre
quency supplied by the generator. This frequency is removed from the 
return control signal by the 2021. Therefore it does not appear in the 
signal information supplied to the analyzer filters of the system. How
ever the system will be equalized providing all other channels display 
green lamps. (The level of the sine frequency signal is controlled by 
the 1025 compressor circuit). 

During a test, where the superimposed sine frequency is swept between 
predetermined limits, the A.G.C. LAMP INDICATION will display the posi
tion of the sine wave relative to the wide band signal by lighting the upper 
red lamp. 

The CONTROL UNIT enables up to two signals to be superimposed on 
the equalized signal. The unequalized signals may be sine or random signals. 
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5. DESCRIPTION 

5.1. INTRODUCTION 

Each of the systems Types 3378, 3379, and 3380 consists of a Control 
Unit Type 1406 and one or two Equalizer/Analyzer units each containing 
60 channels. The various types differ in frequency range, number of chan
nels and filter bandwidths. Tables of filter sets available in the different 
Equalizer/ Analyzer units are given in chapter 6. The standard Type 3378 is 
especially suitable for low frequency applications. Type 3379 covers a wide 
frequency range using one Equalizer/Analyzer unit. Type 3380 provides a 
general purpose system which also covers a wide frequency range. The nar
row bandwidth filters contained in the two Equalizer/Analyzer units make 
the 3380 suitable for the majority of applications. 

Each system can accept up to four Equalizer/Analyzer units. On special 
order, systems can be delivered covering a maximum frequency range of 
1 Hz to 10 kHz with a wide variety of bandwidth combinations. 

A simplified block diagram of the automatic Shock-Random Equalizer/ 
Analyzer, system is shown in Fig.5.1. 

The diagram shows only one channel of one Equalizer/Analyzer unit. A 
more detailed block diagram, again showing only one channel is given in 
Fig.5.2. 

In the sections which follow, the principle of the instrument is described 
on the basis of the signal flow through the instrument. Details of certain 
blocks of the system are then discussed more comprehensively in sec
tions 5.4 to 5. 7. 

5.2. GENERATION OF TEST SIGNAL 

As can be seen from the block diagrams the internal shock and random 
generators are contained in the CONTROL UNIT which also contains the 
major operating and measuring controls. The random noise generator has a 
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flat spectral density of 10-4 V2/Hz between 10Hz and 10kHz. The saw
tooth (shock) generator provides a repetitive term ina I peak sawtooth signal 
of 10 V p-p and period 0.6 seconds for the "Equalize" mode. 

One or more pulses can be directed to the specimen at the full test level 
by the operator. Outputs from the generators are available at sockets on the 
rear panel of the CONTROL UNIT for calibration purposes. 

An external signal (e.g. prerecorded on magnetic tape) may also be used 
for testing and is applied through the EQUALIZED INPUT socket of the 
CONTROL UN IT. The external signal is fed through an amplifier which 
provides a unity gain buffer stage between the source and the equalizer 
filters. 

The desired test signal is selected on the front panel of the CONTROL 
UNIT and is fed to the EQUALIZER/ANALYZER Unit(s) where it is ap
plied to the inputs of all the equalizer filters. The otJtput of each filter is 
then passed through an automatic gain control (AGC) circuit into a sum
ming amplifier. The output of this summing amplifier, contained in the 
EQUALIZER/ANALYZER Unit, is fed to an amplifier contained in the 
CONTROL UN IT. This amplifier sums the outputs of the EQUALIZER/ 
ANALYZER Units. The amplifier can sum a maximum of four equalized 
inputs, plus two unequalized inputs. 

The resulting signal then passes through a low pass filter with a wide 
range of cut-off frequencies selected by the SIGNAL BAND switch on the 
front panel. The SIGNAL BAND switch also changes the gain of the sum
ming amplifier according to a factor (Bandwidth)- 1 12 so that the RMS 
output of the filter remains approximately constant for different band
widths. 

The signal is passed via the COMPRESSOR MODE switch to a gated 
amplifier. The position of the COMPRESSOR MODE switch determines the 
signal gain depending on the mode of operation. With the COMPRESSOR 
MODE switch in the "Off" position, the AGC circuits for all the active 
channels are not in closed loop operation, and each circuit is held at maxi
mum gain. In the "Stand-by" position, the AGC circuits are all held at 
minimum gain and are not in closed loop operation. In this mode the signal 
is not connected to the gated amplifier. In the "Equalize" mode the AGC 
circuits for the active channels are in closed loop operation, and the gain of 
the gated amplifier is selected at one tenth (1/10) its maximum value. Hence 
automatic equalization takes place at a lower level than required for the 
actual test. The specimen, therefore, is not overtested. This applies for both 
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Shock and Random signals. The gain of the AGC circuits may also be held 
constant in the "Equalize" mode by selection of the "Hold" position of the 
COMPRESSOR switch on the front panel. 

For the "Test" mode, the AGC circuits may be in closed loop operation 
for the Random or External signal sources only. For testing with the inter
nal shock generator, switching to the "Test" mode automatically holds the 
gain of each AGC circuit at the value reached in the "Equalize" mode. The 
gain of the gated amplifier is switched to the maximum value in the "Test" 
mode to provide for testing at the specified level for all signal sources. 
Selection of the "Test" mode for the internal shock generator also stops the 
repetitive sawtooth pulses and enables test pulses to be initiated manually 
using the front panel PUSH FOR SHOCK TEST control. 

The interlock switching circuitry enables the signal gain to be reduced to 
zero if inadvertent switching of major front or rear panel switches occurs 
during operation by applying a trigger signal to the gated amplifier. The red 
STAND-BY lamp (positioned immediately above the RANDOM TEST 
TIME selector) also lights if inadvertent switching occurs. The system can be 
reset by turning the MAX. OUTPUT control on the front panel to "Reset". 

( 

The amplifier following the gate circuit enables the low frequency gain of 
the system to be increased in order to counteract the acceleration versus 
voltage characteristic of the vibration exciter at low frequencies. The LOW 
FREQUENCY, "Boost", "Flat", control enables selection of either a flat 
response amplifier characteristic or a 20 dB/decade boost below 150Hz, up 
to a maximum gain of 16 dB, see Fig.3.4. The "Boost" position may be 
necessary to keep the AGC circuits of the active low frequency channels 
within their normal regulating range. 

The signal is then fed via the MAX. OUTPUT potentiometer to the 
power amplifier driver stage. This stage provides a low impedance voltage 
source to drive the power amplifier. A maximum output of 2 V RMS or 
10 V RMS may be selected by the rear panel switch. 

5.3. CONTROL OF TEST SIGNAL 

The test signal is now transmitted to the exciter, fixture and specimen. A 
control point* (usually on the fixture or specimen) is selected and the 
acceleration at that point monitored by an accelerometer. Before the con-

* For multipoint control, see section 4.7. 
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trol signal can be processed by the system, it must be conditioned to a 
sensitivity of 10 mV/g. This may be done in two ways; either by using a 
10 mV/g B & K UNI-GAIN Accelerometer and a unity gain preamplifier, or 
by conditioning the accelerometer signal using for example a B & K ConcJi
tioning Amplifier Type 2626. 

The signal is fed to the ACCEL. INPUT socket on the rear panel of the 
CONTROL UNIT. For "Normal" operation of the system, the return signal 
from the accelerometer is the control signal. In "By-pass" operation, the 
control or return signal is taken directly from the power amplifier drive 
stage and the power amplifier and exciter combination is by-passed 
completely. By-pass operation is particularly useful for preliminary system 
checks, see section 3.1. 

In either case., the return signal is fed to the scale multiplier amp I ifier, 
controlled by the five position SCALE FACTOR switch on the front panel. 
This allows the level settings on the EQUAf:.IZER/ANAL YZER Unit to be 
increased or decreased by 1 0, or 20 dB. The signa I then passes through 
another section of the COMPRESSOR MODE switch which provides the 
correct gain compensation for the gain changes in the "Equalize" and 
"Test" modes. The switch function is to decrease the gain by a factor of 
10 in switching from "Equalize" to "Test" to compensate for the gain in
crease of 10 in the section of the COMPRESSOR MODE switch just follow
ing the variable low pass filter. 

Therefore the signal applied to the analyzer drive stage is kept constant 
before and after the switching action, which avoids transients and eliminates 
the need for new equalization. 

The output of the analyzer driver is fed to the EQUALIZER/ANAL YER 
Unit. The output is fed via two connections, one for Random signal opera
tion, the other for Shock signal operation. 

All the analyzer filters are driven in parallel by the analyzer driver out
put. The analyzer filters are identical to the Equalizer filters, except for the 
gains at the filter centre frequencies. The gains also differ depending on 
Random or Shock signal operation. The correct gain and interconnection 
between the filters and the analyzer driver are automatically selected by the 
EQUALIZED SIGNAL switch on the front panel of the CONTROL UNIT. 

The output from each analyzer filter is fed into the corresponding level 
setting attenuator which is accessible from the front panel of the EQUALIZ-
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ER/ANAL YZER Unit. The LEVEL SET ATTENUATORS have calibration 
markings on either side of the front panel for both Shock and Random 
signals. The reference level of these graduations is dependent on the position 
of the SCALE FACTOR switch on the front panel of the CONTROL UNIT. 

The output of each attenuator is fed to a full wave detector. For Ran
dom signal operation, the output of the full wave detector is proportional to 
the square root of the acceleration spectral density over the narrow frequen
cy band of the filter. For Shock signal operation, the average output of the 
full wave detector can be shown to be proportional to the Fourier spectrum 
of the signal pulse, in this case a terminal peak sawtooth. Therefore the 
output for Shock signal operation is related to the Shock Spectrum of the 
oscillatory shock at the filter centre frequency. This is only true if one pulse 
in a repetitive series dies out completely before the following one is initi
ated. A detailed mathematical description is contained in the Appen
dix 7.1.3. 

The output from the full wave detector is fed to the combined comparat
or and integrator and gives a positive or negative which relates the average 
output of the detector to the reference voltage. The reference value is 
different for Shock and Random signal operation. 

The output of the integrator is fed to the appropriate automatic gain 
control circuit which alters the equalizer gain. If the integrator input is not 
zero, the output of the integrator will alter the gain of the equalizer filter 
via the AGC circuit until the integrator input becomes zero. For this condi
tion, the acceleration spectral density, or the acceleration shock spectrum is 
equal to the value set on the EQUALIZER/ANALYZER Unit with refer
ence to the SCALE FACTOR switch. 

The automatic gain control process in the system guarantees zero static 
error between the desired and actual spectrum level regardless of the 
amount of signal compression due to the AGC circuit. Any static error 
results in a non-zero input to the integrator which responds until the error is 
brought to zero. The integrator operation is controlled by a field effect 
transistor gate circuit. All the integrator gates are driven in parallel. 

For Shock signals in the "Equalize" mode the gates may be opened or 
closed, depending on the position of the COMPRESSOR switch. In the 
latter case, the integrator is active. For Shock signals in the "Test" mode, 
the gates are held open and the outputs from the integrators are held at the 
values occurring immediately previous to switching to the "Test" mode. 
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For Random signals, the gates may be opened or closed in both "Equal
ize" and "Test" modes by means of the front panel COMPRESSOR switch. 
The gates are closed in the "Off" and "Stand-by" modes. 

The output from each integrator is also fed to a lamp driving circuit 
which lights one of three front panel lamps of the AGC LAMP INDICA
TION. Illumination of the centre green lamp indicates that the integrator 
output is within the operative range of the AGC circuit. Illumination of the 
upper red lamp indicates that the integrator output has saturated in the 
positive direction and the corresponding AGC gain is maximum. Illumina
tion of the lower red lamp indicates that the integrator output has saturated 
in the negative direction and the corresponding AGC gain is minimum. 
"On" conditions for the lamps only apply for active channels. If a channel is 
effectively removed from the circuit, ("Off" position on the front panel), 
only the lower red lamp will light. 

The output of each integrator also drives a common meter amplifier in 
the CONTROL UNIT through a summing network. The meter amplifier 
output drives the AVERAGE COMPRESSION METER. 

The meter indicates the average compression of all the active channels. 
The meter indication, together with the lamp indication on the EQUAL
IZER/ANALYZER Unit gives a positive way of determining whether equali
zation is complete and the actual spectrum corresponds to the desired spec
trum. Average movement of the meter pointer in either direction indicates 
that equalization is not complete. Once this movement has ceased and all 
active channels display a green lamp, the desired spectrum can be assumed 
to be synthesized at the control point on the specimen (or fixture). 

Some minor movement of the meter pointer may always be noticeable 
when the AGC circuits are in closed loop operation. However average 
motion in a particular direction should be zero for a fully equalized situa
tion. 

5.4. RANDOM NOISE GENERATOR 

A matched pair of zener diodes driven by constant current sources form 
the basic noise generator. The noise outputs from the diodes are fed into a 
differential amplifier. The noise diodes provide an exceptionally flat voltage 
spectral density from 10Hz to 100kHz. The output from the differential 
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amplifier is fed to a 3 pole low pass Butterworth filter, cut-off frequency 
f0 = 15.9 kHz. A negative temperature characteristic resistor in the filter 
provides temperature compensation for the noise voltage magnitude. 

The spectral density in the filter pass band may be calibrated by meas
uring the RMS output voltage. For the above filter 

VRMS ~ ~!Tf;SJt~ bs]t 
where V RMS is the RMS output voltage 

S is the spectral density, and 
f0 is the cut-off frequency of the filter 

For the filter, an output voltage of 1.29 V RMS corresponds to a spectral 
density of 10-4 V2 /Hz. At 10kHz, the error in the spectral density is 
about -0.25 dB due to the drop in filter response. The output from the low 
pass filter is fed to a unity gain amplifier to provide a low impedance 10 rnA 
drive for the equalizer filters. 

5.5. SAWTOOTH (SHOCK) GENERATOR 

The sawtooth signal is obtained by charging a capacitor with a thermally 
compensated constant current source, and then quickly discharging the 
capacitor when it reaches a predetermined voltage. As the capacitor charges, 
a portion of the ramp voltage is fed to the input of a comparator. When the 
output of the comparator exceeds 0 V, the capacitor is discharged. The 
cycle then repeats with a pulse interval of 0.6 seconds. However, in the 
"Test" mode, the pulse can only be initiated manually by the front panel 
push button. 

The generated sawtooth is fed to a high pass filter, cut-off frequency 
72.5 Hz. This prevents the low frequency equalizer filters from being over
driven by the pulse source. 

5.6. EQUALIZER AND ANALYZER FILTERS 

The Equalizer and the corresponding Analyzer filters have identical cir
cuits except that the input resistors, which control the centre frequency 
gain, are different. 

A frequency response curve of the filters is given in Fig.5.3. 



Filter Frequency 
Response 

/', f 
---~2----~1.5-----~,---_~0.-5--~0--~0.-5---+----1.r5---42~1B 

Fraction of bandwidth 277100 
from centre frequency 

Fig.5.3. Typical Filter Response Curve 

The analyzer filter has two input resistors, one to provide the proper gain 
for shock signal operation, the other for random signal operation. 

The band pass filters are double 2 pole Butterworth networks. Tempera
ture independent network components have been chosen to ensure high 
centre frequency and bandwidth temperature stability. 

5.7. AUTOMATIC GAIN CONTROL (AGC) CIRCUIT 

The AGC circuits consist of a differential amplifier which is gain con
trolled by a current source. The current source is itself voltage controlled by 
the output of the gated integrator. Due to the characteristics of the current 
source, the current is proportional to the logarithm of the integrator output 
voltage. 

The equalizer output is limited (below 0.40 Volts peak for sinusoidal 
signals, and below 0.15 Volts RMS for random signals), in order to keep 
third harmonic distortion and harmonic spectra respectively below 1%. 
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6. AVAILABLE FILTER SYSTEMS 

Each of the Automatic Shock-Random Equalizer-Analyzer systems 
Types 3378, 3379, and 3380 consists of a Control Type 1406 and one or 
two Equalizer/Analyzer Types 1632, 1633, 1634, or 1635 each containing 
60 channels. Filter sets available are given in Table 6.1. 

Filter Set Frequency Number of Filter 
Designation Range (Hz) Filters Bandwidths 

(Hz) 

A 20 to 2000 30 20 to 100 

8 20 to 2000 60 10 to 50 

c 20 to 2000 120 5 to 25 

D 20 to 1023 150 2.5 to 10 

E 1 to 20 10 1 to 2.8 

F 2k to 10k 100 30 to 175 

G 2k to 10k 50 60 to 350 

Table 6. 1. Filter Sets Available 

The following tables show the relationship between centre frequency and 
bandwidth for the various Filter Sets. 

Filter Set A 

F ilter Centre Bandwidth Filter Centre Bandwidth Filter Centre Bandwidth 
no. Frequency (- 3dB) no. Frequency (- 3dB) no. Frequency (- 3dB) 

Hz Hz Hz Hz Hz Hz 

1 29.4 23.0 11 461 .1 58.4 21 1160.3 80.1 
2 55.5 2B.5 12 520.7 60.B 22 1241 .3 B2.0 
3 86.5 33.0 13 582.B 63.3 23 1324.3 83.9 
4 121 .7 37.1 14 647.2 65 .5 24 1409.0 85.6 
5 160.7 40.8 15 713.9 67 .8 25 1495.5 87.3 
6 203.3 44 .2 16 782.8 70.0 26 1583.6 88.B 
7 249 .1 47 .2 17 B53.9 72 .2 27 1693.3 90.6 
8 297 .9 50.3 18 927 .3 74.5 28 1764.7 92.2 
9 349.6 53.0 19 1003.0 76.9 29 1857.B 93.8 

10 404.0 55.7 20 1080.9 7B.7 30 1958.4 95.5 

072028 
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Filter Set B 
(Contained in Type 3379) 

Filter Centre Bandwidth Filter Centre Bandwidth Filter Centre Bandwidth 
no. Frequency (-3dB) no. Frequency (-3dB) no. Frequency (-3dB) 

Hz Hz Hz Hz Hz Hz 

1 24.8 10.8 21 447.0 28.9 41 1140.7 39.8 
2 36.4 12.2 22 ~ 476.2 29.5 42 1180.7 40.3 
3 49.4 13.6 23 506.0 30.0 43 1221 .2 40.7 
4 63.7 14.8 24 536.4 30.7 44 1262.2 41 .2 
5 79.1 15.9 25 567.5 31 .5 45 1303.7 41.7 
6 95.6 17.1 26 599.2 31 .8 46 1345.6 42.2 
7 113.2 18.1 27 631.4 32.9 47 1388.0 42.7 
8 131 .8 19.0 28 664.1 32.9 48 1430.8 42.9 
9 151 .2 19.9 29 697.5 33.7 49 1474.0 43.4 

10 171.6 20.9 30 731.4 34.1 50 1517.7 43.9 
11 192.9 21 .7 31 765.7 34.7 51 1561 .7 44.1 
12 215.1 22.5 32 800.7 35.3 52 1606.1 44.7 
13 238.0 23.3 33 836.2 35.7 53 1651.0 45.2 
14 261.6 23.9 34 872.3 36.5 54 1696.3 45.4 
15 285.9 24.8 35 909.1 36.9 55 1742.1 46.0 
16 311.1 25.5 36 946.3 37.6 56 1788.2 46.2 
17 337.0 26.2 37 984.2 38.2 57 1834.7 46.8 
18 363.4 26.8 38 1022.7 38.7 58 1881 .6 47.0 
19 390.7 27 .7 39 1061 .6 39.1 59 1928.9 47.6 
20 418.6 28.0 40 1101 .0 39.6 60 1976.7 47.9 
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Filter Set C 
(Contained in Type 3380) 

Filter Centre I Bandwidth Filter Centre Bandwidth Filter Centre I Bandwidth 
no. Frequency (- 3 dB) no. Frequency 1- 3 dB) no. Frequency 1 1- 3 dB) 

Hz I Hz Hz Hz Hz j Hz 

1 22.45 5.2 41 439.91 14.3 81 1130.85 119.9 
2 27.86 5.6 42 454.34 14.6 82 1150.76 

119.9 3 33.65 5.9 43 469.02 14.8 83 1170.78 20. 1 
4 39.78 6.3 44 483.79 14.8 84 1190.92 20.1 
5 46. 27 6.7 45 498.64 14.9 85 1211.17 20.4 
6 53.09 7.0 46 513.66 15. 1 86 1231.55 20.4 
7 60.23 7.3 47 528.86 15.3 87 1252.03 20.6 
8 67 .66 7.6 48 544.23 15.5 88 1272.64 20.6 
9 75 .35 7.8 49 559.79 15.6 89 1293.36 20.8 

10 83.31 
I 

B. 1 50 575.52 15.8 90 1314.21 20.8 
11 91.55 8.4 51 591 .35 15.8 91 1335.18 21.1 
12 100.09 8.7 52 607 .26 16.0 92 1356.27 21.1 
13 108.87 8.9 53 623.36 16.2 93 1377.49 21.3 
14 117.90 9.2 54 639.64 16.4 94 1398.82 21 .3 
15 127.20 9.4 55 656.01 16.4 95 1420. 16 21 .3 
16 136.71 9.6 56 672.48 16.6 96 1441.62 21.6 
17 146.45 9.8 57 689.14 16.8 97 1463.20 21.6 
18 156.41 10.1 58 706.00 17.0 98 1484.91 21.8 
19 166.61 10.3 59 722.95 17.0 99 1506.74 21 .8 
20 177.04 10.6 60 739.99 17.1 100 1528.69 22.1 
21 187.72 10.8 61 757.23 17.3 101 1550.77 22. 1 
22 198.58 10.9 62 774.57 17.3 102 1572.84 22. 1 
23 209.63 11 .2 63 792.01 17.5 103 1595.05 22.3 
24 220.87 11 .3 64 809.65 17.7 104 1617.40 22.3 
25 232.31 11.6 65 827.39 17.7 105 1639.86 22.6 
26 243.95 11.7 66 845.23 17.9 106 1662.45 22.6 
27 255.72 11 .8 67 863.28 18.2 107 1685.04 22.6 
28 267.70 1 ~. 1 68 881.55 18.4 108 1707.76 22.9 
29 279.88 12.3 69 899.91 18.4 109 1730.61 22.9 
30 292.28 12.5 70 918.39 18.6 110 1753.60 23. 1 
31 304.89 12.7 71 937 .07 18.8 ,,, 1776.72 23. 1 
32 317.65 12.8 72 955.86 18.8 112 1799.85 23. 1 
33 330.57 13.0 73 974.76 19.0 113 1823. 10 23.4 
34 343.66 13.2 74 993.88 19.2 114 1846.48 23.4 
35 356.90 13.3 75 1013.11 19.2 115 1869.87 23.4 
36 370.29 13.5 76 1032.45 19.5 116 1893.39 23.7 
37 383.91 13.8 77 1051 .91 19.5 117 1917.06 23.7 
38 397.77 13.9 78 1071.48 19.7 118 1940.86 23.9 
39 411.71 13.9 79 1091.16 19.7 119 1964.80 23.9 
40 425.73 14.1 80 1110.95 19.9 120 1988.74 23.9 
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Filter Set D 

Filter Centre Bandwidth Filter Centre Bandwidth Filter Centre Bandwidth 
no. Frequency 1-3 dB) no. Frequency l- 3 dB) no. Frequency 1-3 dB) 

Hz Hz Hz Hz Hz Hz 

1 21 .2 2 .4 51 241 .0 5 .8 101 587.4 7.9 
2 23.8 2.7 52 246.9 5.9 102 595.3 8 .0 
3 26.5 2.7 53 252.8 5.8 103 603.3 7.9 
4 29.3 2 .9 54 258.7 6.0 104 611.3 8.1 
5 32.2 2 .8 55 264.7 6 .0 105 619.3 8 .0 
6 35.2 3 .1 56 270.7 6 .1 106 627 .4 8 .1 
7 38.2 3 .0 57 276.8 6 .1 107 635.6 8 .1 
8 41.4 3.3 58 283.0 6.2 108 643.7 8.2 
9 44.6 3 .2 59 289.2 6 .2 109 651 .9 8.1 

10 4R o 3.4 60 295.4 6.3 110 660.1 8 .2 
11 51 .4 3 .4 61 301 .7 6 .3 111 668.4 8 .2 
12 54.9 3.6 62 308.1 6.4 112 676.6 8.3 
13 58.4 3 .5 63 314.5 6 .3 113 685.0 8 .3 
14 62.1 3.8 64 320.9 6.5 114 693.3 8 .4 
15 65.8 3 .7 65 327.3 6.4 115 701 .8 8.4 
16 69.6 3.9 66 333.8 6.6 116 710.2 8 .5 
17 73.4 3.8 67 340.4 6 .5 117 718.7 8 .4 
18 77 .3 4 .0 68 347.0 6.6 118 727.2 8 .5 
19 81 .3 4 .0 69 353.6 6.6 119 735.7 8 .5 
20 85.4 4 .1 70 360.2 6.7 120 744.3 8.6 
21 89.5 4 .1 71 366.9 6 .7 121 752.9 8 .6 
22 93.7 4 .3 72 373.7 6 .8 122 761.6 8 .7 
23 97 .9 4 .2 73 380.5 6 .8 123 770.2 8 .6 
24 102.3 4.4 74 387.4 6.9 124 778.9 8 .7 
25 106,7 4 .3 75 394.3 6 .9 125 787.6 8.7 
26 111.1 4 .5 76 401.3 7.0 126 796.4 8 .8 
27 115.6 4 .5 77 408.2 6 .9 127 805.2 8 .8 
28 120.2 4 .7 78 415.2 7.0 128 814.1 8 .9 
29 124 .9 4 .6 79 422 .2 7.0 129 823.0 8 .8 
30 129.6 4 .8 80 429.3 7.1 130 831.8 8 .9 
31 134.3 4 .7 81 436.4 7 .1 131 840.8 8 .9 
32 139.1 4 .9 82 443.5 7 .2 132 849.7 9.0 
33 144.0 4 .8 83 450.7 7.2 133 858.8 9 .0 
34 148.9 5 .0 84 458.0 7.4 134 867.8 9 .1 
35 153.9 5.0 85 465.3 7 .3 135 877 .0 9 .1 
36 158.9 5.1 86 472.7 7.4 136 886.2 9 .2 
37 164. 1 5.1 87 480.1 7.3 137 895.3 9 .1 
38 169.2 5.2 88 487 .5 7.4 138 904.5 9 .2 
39 174.4 5 .2 89 494 .9 7.4 139 913.8 9 .2 
40 179.7 5.4 90 502.4 7.5 140 923.0 9.3 
41 185.0 5.3 91 509.9 7.5 141 932.4 9 .4 
42 190.4 5 .5 92 517.5 7.6 142 941.8 9 .4 
43 195.9 5.4 93 525.1 7 .6 143 951 .2 9.4 
44 201 .3 5 .5 94 532.7 7.7 144 960.6 9.4 
45 206.9 5 .5 95 540.4 7.7 145 970.0 9 .5 
46 212.4 5.7 96 548.1 7.8 146 979.5 9 .6 
47 218.1 5 .6 97 555.9 7.8 147 989.1 9 .6 
48 223.7 5.7 98 563.7 7.9 148 998.7 9.7 
49 229 .4 5.7 99 571.6 7 .9 149 1008.3 9.6 
50 235.2 5.9 100 579.5 8 .0 150 1017.9 9.7 
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Filter Set E 

Filter i Centre I Bandwidth Filter Centre Bandwidth Filter I Centre Bandwidth 
no. Frequency ~ 1 -3 dB) no. Frequency l- 3 dB) no. Frequency 1- 3 dB) 

j Hz Hz Hz Hz Hz Hz 

1 

I 

1.41 1.00 4 5.35 1.60 7 

I 
11.05 2.20 

2 2 .53 1.20 5 7 .05 1.80 8 13.36 2.40 
3 3 .84 1.40 6 8.95 2.00 9 15.88 2.60 

I 10 18.58 2.80 
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Filter Set F 

Filter Centre Bandwidth Filter Centre \ Bandwidth 
no. Frequency (- 3dB) no. Frequency (- 3dB) 

Hz Hz Hz Hz 

1 2016.1 30.8 35 3388.5 51 .7 
2 2047.1 31 .3 36 3440.7 52.5 
3 2078.6 31 .7 -37 3493.6 53.4 
4 2110.6 32.2 38 3547.4 54 .2 
5 2143.1 32.7 39 3601 .9 55 .0 
6 2176.1 33.2 40 3657.4 55 .9 
7 2209.5 33.7 41 3713.7 56.7 
8 2243.5 34.3 42 3770.8 57 .6 
9 2278.1 34.8 43 3828.8 58.5 

10 2313.1 35.3 44 3887.8 59 .4 
11 2348.7 35.9 45 3947.6 60.3 
12 2384.9 36.4 46 4008.3 61 .2 
13 2421 .6 37.0 47 4070.0 62.2 
14 2458.8 37.6 48 4132.7 63.1 
15 2496.7 38.1 49 4196.2 64.1 
16 2535.1 38.7 50 4260.8 65.1 
17 2574.1 39.3 51 4326.4 66.1 
18 2613.7 39.9 52 4393.0 67 .1 
19 2653.9 40.5 53 4460.6 68.1 
20 2694.8 41.2 54 4529.2 69 .2 
21 2736.2 41 .8 55 4598.9 70.2 
22 277B.4 42 .4 56 4669.7 71 .3 
23 2821.1 43.1 57 4741.5 72.4 
24 2864.5 43.7 58 4814.5 73.5 
25 2908.6 44.4 59 4888.6 74 .7 
26 2953.4 45 .1 60 4963.8 75.8 
27 2998.8 45 .8 61 5045.4 87 .4 
28 3045.0 46.5 62 5133.6 89.0 
29 3091 .8 47 .2 63 5223.3 90.5 
30 3139.4 47 .9 64 5314.6 92 .1 
31 3187.7 48.7 65 5407.5 93.7 
32 3236.8 49 .4 66 5502.0 95.3 
33 3286.6 50.2 67 5598.2 97 .0 
34 3337.2 51 .0 68 5696.1 98.7 

Filter Set G 

Filter Centre Bandwidth Filter Centre Bandwidth 
no. Frequency (-3dB) no. Frequency (-3dB) 

Hz Hz Hz Hz 

1 2031.5 62.1 18 3414.5 104.3 
2 2094.5 64.0 19 3520.4 107 .5 
3 2159.5 66.0 20 3629.6 110.9 
4 2226.5 68.0 21 3742.1 114.3 
5 2295.5 70.1 22 3858.2 117.8 
6 2366.7 72 .3 23 3977.8 121 .5 
7 2440.1 74 .5 24 4101 .2 125.3 
8 2615.8 76.8 25 4228.4 129 .2 
9 2593.8 79 .2 26 4359.6 133.2 

10 2674.3 81 .7 27 4494.8 137 .3 
11 2757.2 84.2 28 4634.2 141 .5 
12 2842.7 86.8 29 4777.9 145.9 
13 2930.9 89.5 30 4926.1 150.5 
14 3021 .8 92.3 31 5089.3 176.4 
15 3115.5 95.2 32 5268.8 182.6 
16 3212.1 98.1 33 5454.6 189.1 
17 3311 .8 101 .2 34 5646.9 195.7 

The standard Type 3378 contains the following: 

1 Control Unit Type 1406 

1 Equalizer/Analyzer Type 1632 

Filter Centre Bandwidth 
no. Frequency (- 3dB) 

Hz Hz 

69 5795.6 100.4 
70 5896.9 102.2 
71 6000.0 104 .0 
72 6104.9 105.8 
73 6211 .6 107 .6 
74 6320.2 109.5 
75 6430.7 111 .4 
76 6543.1 113.4 
77 6657.4 115.4 
78 6773.8 117 .4 
79 6892.2 119.4 
80 7012.7 121.5 
81 7135.3 123.6 
82 7260.0 125.8 
83 7386.9 128.0 
84 7516.0 130.2 
85 7647.4 132.5 
86 7781 .1 134.8 
87 7917.1 137.2 
88 8055.5 139.6 
89 8196.3 142.0 
90 8339.5 144.5 
91 8485.3 147 .0 
92 8633.6 149.6 
93 8784.6 152.2 
94 8938.1 154.9 
95 9094.3 157 .6 
96 9253.3 160.3 
97 9415.1 163.2 
98 9579.6 166.0 
99 9747.1 168.9 

100 9917.4 171 .9 

072033 

Filter Centre Bandwidth 
no. Frequency (-3dB) 

Hz Hz 

35 5846.1 202.6 
36 6052.2 209 .8 
37 6265.7 217.2 
38 6486.6 224.8 
39 6715.4 232.7 
40 6952.2 241 .0 
41 7197.4 249.5 
42 7451 .2 258.3 
43 7713.9 267.4 
44 7986.0 276.8 
45 8267.6 286.5 
46 8559.2 296.7 
47 8861 .0 307 .1 
48 9173.5 317.9 
49 9497.0 329 .2 
50 9831 .9 340.8 

072034 

The Type 1632 contains Filter Set E plus the first 50 filters from Filter 
Set C. 
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The standard Type 3379 contains the following: 

1 Control Unit Type 1406 

1 Equalizer/Analyzer Type 1633 

The Type 1633 contains Filter Set B. 

The standard Type 3380 contains the following: 

1 Control Unit Type 1406 

l Equalizer/ Analyzer Type 1634 

1 Equalizer/Analyzer Type 1635 

The Type 1634 contains the first 60 filters of Filter Set C, and the 
Type 1635 contains the remaining 60 filters from this Filter Set. 

Each of the standard systems can accept up to four Equalizer/Analyzer 
units and therefore any system can be modified and/or extended at any 
time. 

Fig.6.1 shows the relationship between bandwidth and centre frequency 
for the different filter sets. It should be noted that one "A" filter can be 
replaced by two "8" filters, four "C" or eight "D" filters. Similarly one 
"G" filter can be replaced by two "F" filters. Hence the filters can be 
combined in various ways to give varying bandwidths over the required 
frequency range according to any particular application or specification. 

Centre Frequency Hz 211103 

Fig. 6. 1. Relationship between Bandwidth and Centre Frequency for the 
different Filter Sets 
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7. APPENDIX 

7.1. SHOCK TESTING 

The Automatic Shock-Random, Equalizer-Analyzer system subjects a 
test specimen to an oscillatory type of shock similar to the shocks found in 
natural shock environments. 

This is achieved by applying a pulse (for example, a terminal peak saw
tooth from the internal shock generator) to the equalizer filters, which 
spread each impulse into a fast swept-frequency oscillatory shock impulse. 
The shock spectrum of this impulse can be modified by the setting of the 
LEVEL SET ATTENUATOR sliders. However the shock spectrum of the 
sawtooth pulse produced by the internal generator is flat and continuous in 
the frequency range 3 Hz to 10 kHz. Therefore the actual shock sp~ctrum 
to be transmitted to the test specimen is determined by the slider settings 
on the front panel of the EQUALIZER/ANALYZER unit. 

The shock spectrum of an impulse can be defined as the peak response of 
an undamped single degree of freedom system subjected to this pulse as a 
function of centre frequency. Defined in this way, the shock spectrum has a 
simple relationship to the Fourier spectrum 

where 

IS (w)l = w IF (w)l 

S (w) 
F(w) 

(w) 

is the shock spectrum in g 
is the Fourier spectrum in g sec 
is the angular frequency in rad/sec 

7.1 

Fig.7.1 shows the output of an equalizer filter when pulsed by a step 
input. 

The delay in filter response is inversely proportional to the filter band
width. Since the different filters have different bandwidths, the delay of the 
oscillatory bursts will differ. The result is a time speading effect on the 
shock. Fig.7.2 shows the theoretical pulse envelope for a flat shock spec
trum. Fig.7.3 shows a typical example of the input pulse drawn from a 
photograph taken from a storage oscilloscope. The base line "wobble" is 
due to the low frequency components. 
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Fig.7.3. Example of pulse (drawn from a storage oscilloscope) 

The high frequencies appear first in the pulse as the bandwidths of the 
corresponding filters are larger than the low frequency filter bandwidths. 
Constant bandwidth filters would not produce this time spreading effect. 
The time spreading effect helps by permitting higher shock spectrum values 
than the stated maximum g level of the power amplifier-exciter combina
tion. 

7.1.1. Effect of Specimen Quality Factor (Q) 

Certain shock spectrum specifications are defined in terms of measure
ment with single degree of freedom systems which have finite 0. However 
the spectral measurement by the Automatic Shock-Random, Equalizer
Analyzer system is directly related to the Fourier spectrum (see equation 
7.1) and is essentially an infinite Q measurement. Therefore measurement 
by finite Q analyzers of the shock spectrum of oscillatory pulses produced 
by the system produces lower values than those determined by the front 
panel LEVEL SET ATTENUATOR slider settings on the EQUALIZER/ 
ANALYZER Unit. 
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Fig. 7.4. Correction Curves for Specimen Quality Factor for different Filter 
Sets 

If a shock spectrum is given in terms of finite 0 analyzer measurement 
(e.g. NASA specification S-320 Gl) the LEVEL SET ATTENUATOR sliders 
should be adjusted to the correction curves shown in Fig.7.4. 

The correction factor must be added to the setting of the LEVEL SET 
ATTENUATORS. 

7.1.2. Input level of External Shock Pulses 

The maximum input voltage of an external shock pulse which may be 
applied to the system is dependent on the lowest centre frequency of the 
channels used. 

The maximum peak voltage permissible can be calculated from the equa
tion 

where 

f 
V peak = 10 x Volts 

72.5 
7.2 

f is the lowest centre frequency (Hz) of the channels in 
use. 

Example: The maximum peak voltage permissible when using a standard 
Type 3380 is dependent on the lowest centre frequency (Hz) of the chan
nels. The centre frequency of this fi Iter (Filter Set C. N° 1) is 22.45 Hz. 
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22.45 
therefore, peak voltage= 10 x 

72
_
5 

= 3.1 Volts 

However the system is conditioned to accept a maximum peak voltage of 
10 Volts. Therefore if a lower input voltage is used, the LEVEL SET 
ATTENUATOR sliders must be adjusted to compensate for the lower re
sponse. 

Example: if an input pulse of 1 Volt peak is used, the setting of the slider 
must be adjusted to 10 times the required spectrum level setting in order to 
compensate for the smaller pulse. This may be done by altering the position 
of the sliders, or if possible, increasing the setting of the SCALE FACTOR 
switch by 20 dB, assuming equalization with the internal sawtooth genera
tor. 

7.1.3. System response to Shock Signals 

The phase shift () between the input of the equalizer filters and the 
output of the accelerometer conditioning amplifier is primarily determined 
by the phase characteristics of the bank of equalizer filters alone. The filters 
are designed so that there is a shift of 180° (7T radians) from the centre 
frequency of one filter to the centre frequency of the next (over one band
width) regardless of the gains of the AGC circuits. 

The time delay td of a small range of signal frequencies is given by the 
group delay function 

d() 

dw 

For the system, Eq. 7.3 is approximated closely by 

7T 1 
td = 27TB = 28 sec 

7.3 

7.4 

where 8 is the filter bandwidth in Hz and is a function of centre frequency. 

A typical acceleration output of the exciter is shown in Fig. 7.3. It is 
characterized by a quick sweep from the high frequencies to the low fre
quencies, with the envelope function A (t). The frequency f 1, time delay t 1 , 
and bandwidth 8 1 are related by Eq. 7.4 and Fig.7.2. The acceleration may 
be expressed by 
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where 

a (t) = A(t) sin (Q + [3) 

d.n 
- = w = 27Tf 
dt 

7.5 

7.6 

Application of Parseval's Theorem relates A (t), the peak accleration 
envelope, to the shock spectrum. Directly, 

_I Ia (t) j2 dt = 2\, _I IF a (jw)i2 dw 7.7 

From equation 7.1 we have 

Soo 1 ~·. Joooo [Sw(w) jdw Ia (t)l2 dt =-
27T 

-00 

7.8 

From the time delay relation frequencies higher than f1 occur before t 1 , 

so that the limits on Eq. 7.8 can be rewritten without greatly affecting the 
accuracy 

\ 2~ 1 SOC> [s (w~ 2 

j Ia (t) 12 dt = 7r . wj dw 7.9 
0 27rf 

The variation of a(t) is sufficiently fast that [a(t)]2 may be replaced by 
its average value, A2 (t)/2, and as w = 27Tf: 

f 2~ A2 (t) dt = _!._ ;oo [s (f)l2 27T df 
j 2 1T 27Tfj 

0 

As t = 1/28, differentiating both sides with respect to f produces: 

f[A(t)]2 -1 d~2
1

B = _1 ~S(f)]Joo 
L 2 282 dUO 27T ~ Jf 

rearranging equation 7.11 gives: 
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A(t),; J2 ~ /df 
s (f) 1T f ~dB 

7.10 

7.11 

7.12 



As the filter bandwidth, B, is related to the filter centre frequency, f, for 
all the filters in the system by: 

7.13 

where both C1 and C2 are constants, then substituting in equation 7.12 
gives: 

7.13 

For example: in Filter Set C, as used in the standard 3380 system, 
equation 7.13 becomes: 

B = 1.40 f0.35 
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Fig.7.5. Time Delay, Centre Frequency Relationship for different Filter 
Sets 
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Therefore, in this case: 

A (t) - o 325 s (f) - 0.90 f- . 

The time delay, or response time versus centre frequency for the dif
ferent filter systems is shown in Fig.7.5. 

Fig.7.6 shows the response envelope A(t) normalized with respect to the 
shock spectrum S(f) as a function of frequency. The curves can be com
bined with the exciter performance characteristics to yield the shock spec
trum limits for a given system. An example is given in section 7.1.4. 
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Fig.7.6. Normalized Response Envelope, Centre Frequency Rei(Jtionship 
for different Filter Sets 

7.1.4. Exciter Performance Characteristics and Shock Spectrum Limits 

To illustrate the method for determining the shock spectrum perform
ance of a particular exciter system, specific power amplifier-exciter systems 
are chosen as examples. 

The l~wer curves in Figs.7.7 to 7.9 show the continuous sine perform
ance for the V, S, and M Vibration exciter systems respectively. Fig.7.7 
applies to the V system (445 Newtons), Power Amplifier Type 2707, Excit-
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Fig.7.9. Continuous Sine and Shock performance curves for theM system 

er Body Type 4801 with the General Purpose Head Type 4812 and a 
0.45 kg load. Fig.7.8 applies to the S system ( 1780 Newtons), Power Ampli
fier Type 2708, Exciter Body Type 4802 with the General Purpose 
Type 4817 and a 2.4 kg load. Fig.7 .9 applies to the M system (6670 New
tons), Power Amplifier Type 2709, Exciter Body Type 4803, with the 
General Purpose Head Type 4822 and a 9.5 kg load. 

The three examples assume that the standard 3380 system (Filter Set C) 
is being used. The shock spectrum limit is determined by dividing the sine 
acceleration performance curve of the power amplifier-exciter combination 
by the normalized response envelope factor in Fig.7.6. 

Figs.7.7 to 7.9 show the continuous sine ratings for the various systems. 
The flat part of the curves are limited by driver coil heating. However as the 
shock pulse duration is relatively short, this heating limit does not apply to 
shock operation. Therefore the intermittent operation rating wiU enable 
higher outputs to be obtained limited only by clipping in the power ampli
fier. Shock spectrum capabilities nearing 1000 g in the 1 to 2 kHz region 
can be obtained with these particular loads. The intermittent operation 
rating for the M system is shown by the dotted lines in Fig.7 .9. 
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Certain power amplifier-exciter systems have output transformers with 
different taps for sine or random operation. The random tap should be used 
for shock operation, as a larger peak output is obtainable. 

7.2. CALCULATION OF TOTAL RMS ACCELERATION LEVEL FROM 
A SPECIFIED SPECTRAL DENSITY 

frequency f (Hz) .Z 13 o ~6 

Fig.7.10. Typical Spectral Density Specifications (Logarithmic Co
ordinates) 

Fig.7.10 shows a typical specified acceleration spectral density plotted 
on logarithmic coordinates. The total rms acceleration level for this example 
is given by the square root of (A1 + A2 + A3 ). Calculation of the areas A1 
and A3 involves more complex mathematics than may be initially thought. 
The + 6 dB and -6 dB/octave slopes only appear linear because they are 
plotted on logarithmic coordinates. Plotting the slopes on linear coordinates 
will produce the density envelope shown in Fig. 7 .11. 

The area A1 is obtained by integrating the 6 dB/octave slope between the 
two frequency limits f1 and f2 • The slope* may be represented by the 
equation 

* In general, any slope may be represented by the equation G = KfR/3 where R is the 
number of dB per octave. 
Hence a 3 dB/octave slope \I\IOuld be represented by the equation G = Kf, and a 
-6 dB/octave slope would be represented by G = K/f2 etc. 
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Fig.l.11. Typical Spectral Density Specifications (Linear Coordinates) 

where 

G=G{:;] 2 

G is the acceleration spectral density in g2/Hz 
f is the frequency in Hz 

Therefore A 1 = 
Go ~2 f2 df 
(f2)2 

Example: 

then A 1 
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- Go 
- (f2)2 

if G0 

f1 
f2 

1 

( 100) 2 

f1 

[: r2 
f1 

1 g2/Hz 
20Hz 
100Hz 

[ (1~0)3 

~ 33.3 g2 



Similarly the area A3 is obtained by integrating the -6 dB/octave slope 
between the frequency limits f3 and f4 . The slope may be represented by 
the equation G = G

0 
(f3 /f)2 

where G is the acceleration spectral 9ensity in g2 /Hz 
f is the frequency in Hz 

Therefore A3 = G
0 

(t3)~ ~4 
(1/f2) df 

=-Go (f3){; J:: 
Example: if 1 g2/Hz 

1000Hz 
2000Hz 

= 500 g2 

The area A2 is easily calculated; 

using the examples given above 

then A2 

1 g2/Hz 
100Hz 
1000Hz 

900g2 

The total RMS acceleration level, GT, is obtained by taking the square root 
of the sum of the areas A1, A2 and A3 . 
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for the example given 

GT J 33.3 + 900 + 500 

~37.8 gRMS 

Note: A flat spectrum of 1 g2 /Hz from 20Hz to 2000Hz would give a 
total RMS acceleration level of 44.5 gR MS 
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8. SPECIFICATIONS 

8.1. GENERAL SYSTEM SPECIFICATIONS 

Maximum Frequency Range: 1 Hz to 10kHz 

Number of Equalization Channels: 30, 60, 120, 180, 240 

Equalization Ripple: 

Dynamic Equalization Range: 

Correction Time Constant: 

Hum & Noise: 

. Power Supply: 

Operating Temperature: 

8.2. CONTROL UNIT TYPE 1406 

Inputs: 

Outputs: 

± 1.5 dB 

60dB 

Random: 32.5/(Filter Bandwidth) sec. 
Shock: 1 0 sec. 

<o.7 x [(signal bandwidth/2000) x (no. 
of filters/120)]1/2 mV RMS referred to 
input at max. gain. 

100, 115, 127, 150, 220,240 v (+ 10%, 
-15%) 50/60Hz. 

(input impedance > 10 kQ). 
Accel. Input 10 mV/g. 
Equalized Input 
Unequalized Inputs 
Equalizer Filters (to summing amplifier) 
External Meter Input 

(output impedance< 10 !1). 
Power Amp I ifier, 2 or 10 V R M s (crest 
factor 3) 
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Internal Signal Sources: 
Random: 

Shock: 

Band Limiting Filter: 

Low Frequency Pre-Equalization: 
"Boost": 

Scale Factor Multiplier: 

Random Test Timing: 

Acceleration Meter: 
Meter Ranges: 
Accuracy: 
Rectifier: 
Meter Filters: 

Cut-off Frequencies: 

90 

Equalizer Filters (drive to EQUAL
IZER/ANALYZER Unit) 
Random 
Shock 
Analyzer Filters (drive to EQUAL
IZER/ANALYZER Unit) 

Gaussian distribution, Spectral Density 
10-4 V2/Hz ± 1 dB, 10Hz to 10kHz 
10 yolt_p:P' terminal peak sawtooth, 
penod 0.6 sec. 

Upper cut-off frequency (-1 dB) select
able at 0.15, 0.5, 1, 2, 5 and 10kHz. 
Automatic gain compensation propor
tional to 1/JB at change in bandwidth. 

Increases gain of power amplifier driver 
by 6 dB/octave (20 dB/decade) below 
150Hz to maximum of 16 dB. 

Adds. 20, 10, 0, -10 or -20 dB to 
values on EQUALIZER/ANALYZER 
Unit. 

Allows timing of random tests from 1 to 
999 seconds ± 2% in one second inter
vals. At end of timed period, system is 
automatically returned to "Stand-by" 
mode, and signal removed from power 
amplifier driver. 

3, 10, 30, 100, 300 g RMS (F.S.D.) 
±3% 
Quasi RMS 
Lowpass and Bandpass 12 dB/oct. cut
off slopes 
0.15, 0.3, 0.5, 0.6, 1, 2, 4, 5, 8, 10 and 
20kHz (-3 dB) 



Weight: 

Dimensions: 
Height: 

Depth: 

Width: 

Cabinet: 

9.9 kg (22 lbs.) 

222 mm (8. 75 in) 
234 mm (9.2 in) including feet (A Mod
el) 
320 mm (12.6 in) excluding knobs and 
sockets 
354 mm (13.9 in) overall 
432 mm (17 in) A Model 
484 mm ( 19 in) C Model 

A Model (lightweight metal cabinet) 
C Model (as A but with flanges for 
mounting in a standard 19 inch rack). 

8.3. EQUALIZER/ANALYZER UNITS 

Type 1632 

Type 1633 

Type 1634 

Type 1635 

Filters: 
Number: 
Type: 

Frequency Stability: 

contains Filter Set E* plus first 50 
filters from Set C*. (standard 3378 
system) 

contains Filter Set B* (standard 3379 
system) 

contains first 60 Filters of Filter Set C* 
(standard 3380 system) 

contains remaining 60 Filters of Filter 
Set C* (standard 3380 system) 

Equalizer and Analyzer: 
60 maximum per Unit 
Active, response derived from 2 pole 
lowpass (see Fig.5.3) 
differential drift less than 10% of band
width (20°C to 50°C) 

* For letter designations, filter centre frequencies and bandwidth see section 6. 
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Level Set Attenuators Sliders: 
Range: 

Automatic Gain Control: 
Dynamic Range: 
Signal attenuation in 
"Stand-by" mode: 
Compression Error: 
Hold Mode Drift: 

41 dB in 1 dB steps (± 0.2 dB) Random 
Spectral density from 1 o-5 g2 /Hz to 
103 g2/Hz Shock Spectrum from 1 g to 
104 g 

>60dB 

>80dB 
0 dB (60 dB compressed to 0 dB). 
< 1 dB/200 sec. 

Hold Mode Dynamic Gain Accuracy: 

Harmonic Distortion: 

Weight: 
(each unit) 

Dimensions: 
Height: 

Depth: 

Width: 

Cabinet: 

8.4. ACCESSORIES SUPPLIED 
Type 1406: 

1 AN 0005 (AN 0006) 

1 AR 0138} 
1 AR 0139 
1 AR 0140 
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Random:± 1 dB, 63% confidence due 
to statistical nature of signal. 
Shock: 0.5 dB due to periodic variation 
of signal. 

33.8 kg (75 lbs) 

222 mm (8. 75 in) 
234 mm (9.2 in) including feet (A Mo
del) 
559 mm ·(22 in) excluding sockets 
579 mm (22.7 in) overall 
432 mm ( 17 in) A Model 
484 mm ( 19 in) C Model 

A Model (lightweight metal cabinet) 
C Model (as A but with flanges for 
mounting in a standard 19 inch rack). 

Power Cable and Plug, European, 
(American). 

Printed Circuit Extender Cards 



2VF0012 
2 vs 1274 

Each Equalizer/Analyzer unit: 
1 AN 0005 (AN 0006) 

1 AO 0081 

1 AO 0082 

1 AO 0083 

10 VE 0017 
2 VF 0018 
4 VF 0010 
4 VF 0027 
10 vs 0023 

8.5. ACCESSORIES AVAILABLE 

1 GV 1014 

Fuse 
Scale Lamp 

Type 1632/33/34/35: 
Power Cable and Plug, European. 
(American). 

Connection Cable (Equalizer Filter to 
CONTROL UNIT) 
Connection Cable (Analyzer Filters to 
CONTROL UNIT) 
Connection Cable (Mode Switching to 
CONTROL UN IT) 
Operational Amp I ifier 
Transistor Array 
Fuse 2 A 
Fuse 1.25 A 
Lamps 28 V /24 rnA 

Flange Mounting Set for conversion of 
A Model to C Model (1 set required for 
each cabinet). 
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BROEL & KJJ:ER 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 Amp I ifiers 
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 
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