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An all electronic, solid state 
instrument generating sinusoidal or 
narrow band random outputs for 
controlling vibration exciters in 
a frequency range 1 Hz to 10,000 Hz. 
Built-in are two independent vibration 
meters (with slave filters), an 
80 dB dynamic range compressor 
amplifier, interlocking and trip 
facilities. 
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1. INTRODUCTION 

The Exciter Control incorporates a signal generator (sinusoidal and 
narrow band random), a compressor amplifier, and two vibration meters in 
the same instrument. There is also full function interlocking and safety limit 
circuitry. 

The sinusoidal generator is of high stability, low distortion, and wide 
range. The output is derived by mixing together the outputs from a fixed 
and a variable oscillator working in the high frequency range. The variable 
oscillator is voltage controlled. Digital and analogue readouts are provided. 
This mixing process gives a capability down to 1 Hz and up to 10.000 Hz in 
a single range. Manual or automatic sweep is provided. Automatic sweeping 
can be linear or logarithmic. Four bandwidths of Rayleigh distributed 
narrow band random noise are also available. The centre frequency of the 
band is as indicated in the readouts and full sweep capability is retained. 
The compressor amplifier has a dynamic range of 80 dB and a pro
grammable compressor speed. The compressor speed can be set to be 
continuously variable with frequency thus optimizing the stability and 
distortion conditions. The signal supplied to the compressor speed circuitry 
can be selected to be wide band RMS rectified, wide band average rectified 
or narrow band average rectified. Internal slave filters can be switched 
into the vibration meters. This gives considerable assistance when working 
with poor signal to noise ratio signals in a feedback loop; the slave filters 
then extract the fundamental from the noise components. 

Two independent vibration meter channels are fitted, either of which can 
be used as control channel. Separate meters are provided for level readout, 
and the signal supplied to the meter can be selected as for the compressor 
signal. A comparator can be switched into circuit so that the larger of the 
two vibration meter channel signals can be selected as control signal, thus 
preventing overtesting or providing a built-in cross-over. 

Full interlocking between the various controls is included. In the event of 
a critical switch being moved during a test the Exciter Control is electroni
cally switched to "Stand By", i.e. full compression is applied. 

7 



To provide full protection for the test specimen or the shaker the Exciter 
Control has built-in pre-selectable safety limits. If the variation of level on 
the shaker table exceeds ± 1, 3 or 6 dB the trip circuitry of the 1026 is 
initiated. This also covers for possible loss of feedback- as in the case of an 
accelerometer cable breaking. 

The test specification levels, sweep speeds, sweep lim its, etc. can be set 
up prior to the test. The compressor is designed to reduce the loop com
pression sufficiently slowly at the beginning of a test to allow the Exciter 
Control to increase the test level automatically from the stand-by condition 
to the full pre-set level, thus simplifying the switch-on procedure. 

The 1026 can be used with the Level Recorder Type 2305. No 
synchronization is needed because of the continuously variable, and 
accurate, sweep speeds. These can be arranged to match the paper speeds of 
the Level Recorder, retaining the calibration of the paper in use. The Level 
Recorder Type 2307 has voltage steered paper speeds and this can be driven 
from a rear panel output of the 1026. 

Full remote control is possible of sweep functions, interlock, phase, and 
compressor amplifier. 

The removal of rear panel and circuit board short circuiting links allows 
Master-Slave operation between many 1026s. Each Exciter Control retains 
its own phase control. The 1026 is thus very useful for multiple shaker 
app I icati ons. 

Test specifications derived from practical measurements often require 
multi-level and multi-mode control. This can be achieved using the Exciter 
Control Type 1026 together with the Vibration Programmer Type 4413. 
Using one 4413 gives four frequency subranges (three cross-overs). These 
Vibration Programmers are simple to connect in cascade for implementation 
of test specifications with more than three cross-overs, or to give a "notch
ing" capability. 
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2.1. FRONT PANEL 

POWER 

SET-UP CONTROL 

2. CONTROLS 

p Cont rol and Output Voltage 2TI2P:J 

Fig.2. 1. Front panel of 1026 

Single-pole single-throw switch used to 
apply mains power to the instrument. 
When switched "On" the digital read
out of frequency and the meter scales 
are illuminated. 

A five-position switch allowing the fre
quency sweep "Upper Limit" and 
"Lower Limit'' to be set up. The requir
ed vibration "Level" on the table can be 
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OUTPUT VOLTAGE 

pre-set before the output of the Exciter 
Control is connected to the associated 
Power Amplifier in the "Operate" 
position. The fifth position, "Stand 
By", holds the Exciter Control output 
at >so dB below the maximum level. 

A single-turn potentiometer mounted 
on the same axis as the SET-UP CON
TROL and controlling the generator 
output level. Turn the control fully anti
clockwise for minimum output voltage. 
When operating with the Compressor 
off the generator must first be reset by 
returning this control fully anticlock
wise (click position). 

The remainder of the controls can most conveniently be grouped under 
three function headings. 

2.1.1. Generator Section 

GENERATOR FUNCTION 

FREQUENCY DISPLAY 
(Digital) 

FREQUENCY DISPLAY 
(Analogue) 

10 

A five-position switch selecting either a 
1 - 10.000 Hz "Sine" or a Rayleigh 
distributed "Narrow Band Random" 
output signal. The "Narrow Band Ran
dom" output can have a ( -3 dB) spec
tral width of "3. 16", "1 0", "31.6" or 
"100" Hz with a bandwidth accuracy of 
5%. 

A six-figure numerical read-out using 
neon display valves. The display reads 
the output frequency to ± 0.1 Hz and 
up-dates every 0.5 second. 

A moving-coil meter with a logarithm i
cally calibrated scale. The scale is 
calibrated directly in frequency (Hz) 
from 1 - 10.000 Hz, and in octaves 



SWEEP CONTROL 

SWEEP 

LOWER LIMIT 

UPPER LIMIT 

(oct.), using 1 Hz as a reference. The 
meter has an accuracy of 5% after 
warm-up (15 min). 

This row of six push-button switches 
selects either manual or automatic 
sweep modes, and controls parts of the 
sweep function. "Manual" control of 
the output frequency is switched to the 
MANUAL FREQUENCY CONTROL 
and associated VERNIER control. The 
automatic sweep mode chosen can be 
"Single" or repetitive sweeping ("Re
peat"). 

To commence a sweep the "Start" 
switch is used. All sweeps commence in 
the frequency increasing direction (up) 
unless commencing from the upper limit 
of the sweep. At any point during a 
sweep, either going up or down in fre
quency, the sweep direction can be re
versed by the "Reverse" button. The 
sweeping is halted by the "Stop" but
ton. 

Two indicator lamps showing the 
direction of the frequency sweep. The 
"Up" lamp is lit for increasing frequen
cy and the "Down" lamp is lit for de
creasing frequency. 

A ten-turn potentiometer, used with the 
SET-UP CONTROL in position "Lower 
Limit", to define the minimum frequen
cy of a frequency sweep. 

A ten-turn potentiometer, used with the 
, SET UP CONTROL in position "Upper 
Limit", to define the maximum fre
quency of a frequency sweep. 
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MANUAL FREQUENCY and 
VERNIER 

SWEEP RATE RANGE and 
SWEEP RATE 

PHASE 

12 

Two potentiometers, coaxially mount
ed, one of which has ten-turns from end 
to end, giving coarse frequency settings, 
and the other is a single turn poten
tiometer giving VERNIER (fine) con
trol. The controls can be used to set up 
the starting frequency of an automatic 
sweep, to manually scan the frequency 
range of interest or to set up spot fre
quencies. 

A range of sweep speeds (Hz/min. or 
Oct./m in.) can be selected by the 
SWEEP RATE RANGE and the exact 
sweep speed within that range is set up 
by the SWEEP RATE potentiometer. 
The SWEEP RATE is a ten-turn, 
calibrated potentiometer giving con
tinuous adjustment. The SWEEP RATE 
RANGE can select one of four linear 
sweep ranges or one of three logarithmic 
ranges. 

The linear ranges are "1 - 10", 10-
1 00", " 1 00 - 1 000" and " 1 000 -
10.000" Hz/min. The maximum fre
quency sweep available in the"1 -10" 
Hz/min. range is from 1 - 200Hz and 
in the "10- 100" Hz/min range is from 
1-2000 Hz. 

The logarithmic ranges are "0.1- 1", 
1- 10'', and "10- 100'' octaves/min 
with a maximum upper limit frequency 
of 2000Hz, and "0.1- 1", "1- 10" 
and "10- 100" octaves/min with a 
minimum lower limit frequency of 
5Hz. 

A screwdriver control of output signal 
phase giving more than 360° change. 



2.1.2. Vibration Meter Section 

EFFECTIVE AVERAGING TIME A five-position switch choosing the aver
aging time of the vibration meters. The 
switch is common to both meters and 
the available averaging times are "0.3", 
"1", "3", "10'', and "30" seconds. 

All other meters and controls are duplicated in each channel; thus only 
one channel will be described. 

CHANNEL A (B) 

OVERLOAD 

MODE 

Indicator lamps lighting when Channel 
A (or B) is chosen as the control chan
nel and the SET-UP CONTROL is at 
"Operate" or "Level". 

An indicator lamp that indicates the 
amplifier in the vibration meter section 
is overloaded and that the input range 
must be increased by changing the 
LEVEL switch. 

The vibration meters can measure or 
control different input functions, select
able by the MODE switch. The meters 
are calibrated for input acceleration 
signals normalized to 10 mV/g. 

"Accel." The vibration meter is used as 
a direct measuring amplifier indicating 
the value of the acceleration signal 
applied. 

"Vel." One stage of integration is intro
duced into the normal measuring ampli
fier thus converting all acceleration 
readings to velocity readings. 

"Displ." A further integrator is added 
into the measuring amplifier thus con
verting all acceleration readings to dis
placement readings. 
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LEVEL 

14 

"Accel. Grad." A -3 dB/octave filter is 
introduced into the measuring amplifier 
to give a decreasing RMS value with fre
quency. 

"Ext. Filter". Switches in any external 
filters connected to the rear panel EXT. 
Fl L TE R socket that may be required to 
give special amplifier characteristics. 
The filter will then be connected in 
series with the amplifier. 

"-6 dB/oct." This position also 
switches to any external filters used but 
includes a -6 dB/octave filter (the 
Velocity Integrator) at the input to the 
measuring amplifier. 

The LEVEL control consists of a multi
position switch and a coaxially mounted 
potentiometer. The switch works in 
conjunction with the MODE control. 
When "Accel." or "Vel." is selected on 
the MODE switch the LEVEL control 
can select a Full Scale Deflection of 
II 1 tr 1 "3" 1 II 1 0" 1 "30" 1 II 1 00" 1 "300" 1 
or "1 000" g or inches/sec. When 
"Displ." or "Accel. Grad." is selected 
the LEVEL control can select a FSD of 
"0.01"1 "0.03"1 "0.1"1 "0.3"1 "1"1 "3" 
or "10" inches or g{SeC. These calibra
tion figures will be found around the 
switch in large lettering. The small 
lettering refers to the corresponding 
metric units. 

The potentiometer is used to control 
the level of the chosen table vibration 
mode and is adjusted in either the 
"Level" or "Operate" positions of . the 
SET-UP CONTROL. 



METER A moving-coil meter with am irror scale 
to reduce parallax error. The meter face 
is marked for five scales, two (0- 10 
and 0- 30) for measurements in the 
f.p.s. system, two (0- 25 and 0- 75) 
for measurements in the metric system 
and one is lettered in dB. 

If the GENERATOR FUNCTION is 
"Sine", the meter is calibrated to read 
the peak value of Sinusoidal Accelera
tion, Velocity and Acceleration Gradi
ent signals, and the peak to peak value 
of Sinusoidal Displacement signals. 

If the GENERATOR FUNCTION 
switch is in one of the "Narrow Band 
Random" positions, the meter is 
calibrated to read RMS. 

The meter rectifier (not meter calibration which is always as above) is 
selectable by three push-buttons. 

"RMS" 

"Average" 

"Track" 

A true RMS wide band rectifier is select
ed as the meter rectifier. 

Selects a rectifier that will give the aver
age value of the input signal. 

Connects a bandpass filter whose centre 
frequency is slaved to the generated fre
quency or to the centre frequency of 
the noise band generated. 

In GENERATOR FUNCTION "Sine" 
the filter is a 6% constant relative band
width filter and in GENERATOR 
FUNCTION "Narrow Band Random" it 
is a constant bandwidth filter with the 
same bandwidth as the noise bandwidth 
selected. 
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2.1.3. Compressor Section 

COMPRESSOR CONTROL 

COMP. RATE 

MAX. COMP. SPEED 

COMPRESSION 

16 

A set of nine push-button switches 
selecting which of the vibration meters 
controls the compressor loop and the 
type of rectifier used. 

Either Channel A or Channel B can be 
selected to control the compressor by 
pushing button "A" or "B". A ttiird 
possibility is the button "Larger," 
which selects the larger output of the 
two channels as the compressor control 
signal. Each compressor control channel 
can have a "RMS", "Average" or 
"Track" rectifier, similar to the avail
able meter rectifier choice. The rectifier 
for Channel A compressor control is 
chosen by the buttons to the left of the 
row and Channel B rectifier control is 
selected by those to the right. 

A five-position switch used to select the 
slope of the continuously variable com
pressor speed. The available slopes are 
"0.1", "0.3", "1", "3", and "od' dB/ 
second per Hz. 

A switch to select the maximum com
pressor speed or to switch off the com
pressor and have an unregulated genera
tor. The compressor speed increases 
with the slope chosen by the COMP. 
RATE to the frequency where the 
selected maximum speed is reached. 
Above that frequency the compressor 
speed is kept constant at the maximum 
value (Fig.4.7). The available max. 
speeds are: "1", "3", "10", "30", 
"1 00", "300", and "1 000" dB/sec. -

A small moving coil meter, calibrated in 
dB, and used to indicate the amoun.t of 
compression applied at any instant. 



Associated with the compressor control loop is a safety circuit. 

SAFETY LIMITS 

STAND-BY 

SAFETY CONTROL IN 

2.2. REAR PANEL 

Meter 
Comp. 

Channel 
Selector 
Switch 

A four-position switch. The chosen 
variation in pre-set level above which 
the safety circuit is triggered can be 
"± 1", "±3", or "±6" dB. If the safety 
circuit is triggered the generator auto
matically switches back to "Stand-by" 
and the STAND-BY lamp is lit. The 
safety circuit is switched off when the 
SAFETY LIMITS switch is at "Off". 
When the safety circuit is operative the 
SAFETY CONTROL IN lamp is lit. 

Ground 

Fig.2.2. Rear panel of 1026 

MAINS VOLTAGE SELECTOR 
and CARTRIDGE FUSE The generator can be set to operate on 

100, 115, 127, 150, 220, and 240 V 
mains voltages (50 to 60Hz). A cart-
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CHASSIS/SIGNAL GROUND 

ridge fuse is integrally mounted with the 
voltage selector and can be removed by 
turning the selector centre with a wide 
bladed screwdriver or a small coin. 

Choice of equipment CHASSIS or 
SIGNAL GROUND as reference is avail
able as required by these two screw-in 
terminals and the associated shorting 
plate. 

The remainder of the rear panel can be sub-divided into sections as for 
the front panel. 

2.2.1. Generator Section 

OUTPUT L1 NEAR 

OUTPUT HIGH PASS 

CONSTANT LEVEL OUTPUT 

18 

An isolated BNC connector used to con
nect the sine or narrow band random 
outputs to external loads. The frequen-
cy range available is from 
1 - 10.000 Hz at levels between 
0- 3 V RMS. The maximum load is 
10 kD. shunted by 3 nF. 

An isolated BNC connector similar to 
the LINEAR connector except with a 
high pass filter in series. A simple RC 
filter is used ( 1 nF, 22 kD., f3 dB = 
45 Hz). See also section 4.2. This gives 
inherent matching to shaker low fre
quency characteristics. 

An isolated BNC connector whose out
put is a constant amplitude 1 V RMS 
sinusoidal signal of the same frequency 
as the OUTPUT LINEAR socket. A 
further constant amplitude output, also 
1 V RMS, but 90° leading in phase to 
that of the CONSTANT LEVEL OUT
PUT L 0° socket can be obtained at the 
CONSTANT LEVEL OUTPUT L90° 
socket. The maximum load at either of 



these sockets is 10 k.Q shunted by 1 nF. 
Co and quad spectra can be measured 
using these sockets. They can also be 
used as a trigger voltage source for 
stroboscope synchronization. 

Three frequency-indicating outputs are available. 

DCaf 

DC a log f* 

Signal 
Ground 

An isolated BNC socket whose output is 
a voltage varying in direct proportion to 
frequency between 1 and 11 V DC as 
frequency increases. The socket can be 
loaded by a 10 k.Q load. 

An isolated, Belling-Lee triaxial socket 
whose centre connection is a voltage 
varying as the logarithm of frequency, 
between 0 and -6 V DC as frequency 
increases. This output can be loaded by 
a 10 k.Q load. The middle output is 
-6 V (as required by the Vibration 
Programmer Type 4411). The outer 
connection is the screen. 

DC Output 
-6 v 

DC Output 
a log f 

0 to -6V 
as frequency 
increases 

27119() 

* NOTE: The following socket diagrams are external views of the indicated socket. All 
wiring shown is internal. Where a shorting link is shown (dashed line) this is soldered 
across the back of the socket pins and these links may have to be removed when 
connecting up one of the special capabilities. For standard procedures they must be 
in place. 
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DIGITAL CODED OUTPUT 

(see Sec.9.2) 

A 26-pin socket giving a Binary Coded 
Decimal (BCD) output in which each 
decade (0- 9) indicated on the front 
panel digital readout is represented by a 
binary output on the rear panel. A four 
digit binary code is used to describe 
each decimal digit displayed. Note that 
a transformed BCD cod~ is used such 
that any generated frequency is re
presented by the value (f~ax - fgen) in 
BCD code, where fmax - 19,999.9 Hz 
and fgen =generated frequency. 

The following sockets are also associated with the Generator section. 

BANDWIDTH CONTROL 

30 Hz 

300 Hz 

3000 Hz 

20 

A seven-pin socket giving six output sig
nals ,at certain frequencies. Each output 
is derived from a Transistor Transistor 
Logic (TTL) gate and has two levels, 
Logic 1 which lies between 2.4 and 5 V 
and Logic 0 which lies between 0 and 
0.4 V. This socket is primarily for use 
with the Heterodyne Slave Filter 
Type 2021. 

10 Hz 

100 Hz 

1000 Hz 
Reference 

The plug used with this socket is a 
Cannon Type WK-A7-21C. (B & K Part 
No. JP 0700). 

Pin 1 changes to Logic 0 at 
Pin 2 changes to Logic 0 at 

10Hz 
30Hz 



REMOTE SWEEP CONTROL 

(see Sec.7.1) 

Pin 3 changes to Logic 0 at 1 00 Hz 
Pin 5 changes to Logic 0 at 300 Hz 
Pin 6 changes to Logic 0 at 1000 Hz 
Pin 7 changes to Logic 0 at 3000 Hz 
Pin 4 is used as the signal reference. 

A seven-pin socket to which an external
ly generated frequency-sweep signal 
and/or remote Start, Stop, and Reverse 
signals can be connected. 

Pin 2: External Sweep Signals are to be 
connected to this pin after removing the 
shorting link between Pin 2 and Pin 5. 

The input impedance at this pin is 
approx. 50 kQ and the voltage range for 
full frequency deviation ( 1 
10.000 Hz) is 0. 75 - 8.25 V (thus the 
slope is 0.75 mV/Hz). 

1.2 - 1 MHz Osc. 
DC ex f (via a DC Amplifier) 

From Manual 
Control or --'1-~ 
Ramp Generator 

"Reverse" 

Pin 6: Short circuiting this pin to refer
ence will start the internal frequency 
sweep. Once the normal sweep has com
menced the short circuit must be 
removed since the "hold-on" function is 
implemented electronically. 
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1.2 MHz 

(see Sec.8.1) 

22 

1.2 MHz 
Oscillator 

Pin 7: Short circuiting this pin to refer
ence will stop the internal frequency 
sweep. As soon as the sweep has been 
stopped the short circuit must be re
moved since the "hold-on" function is 
implemented electronically. 

Pin 1 and Pin 3: To reverse the direction 
of the frequency sweep these pins must 
be used with a change-over switch con
necting one or the other of them to 
reference. The internal shorting link 
between Pin 3 and Pin 4 must first be 
removed. 

Pin 4: Internally connected to signal 
reference. 

The plug used with this socket is a 
Cannon Type WK-A7-21C (B & K Part 
No. JP 0700). 

Two BNC, isolated sockets used in 
"Master-Slave" operation. They are 
internally linked by a short circuit. 
When this is removed the top socket 
supplies a 1.2 MHz sinusoidal signal 
(0.5 V peak to peak) and the bottom 
socket becomes available to take a 
1.2 MHz signal from another generator. 

Signal 
Ground 

Signal 
Ground 
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1.2-1 MHz 

(see Sec.8.1) 

100kHz 

1.2 - 1 MHz 
Oscillator 

Frequency 
Divider 

Thus any generator can be either a 
"Master" or a "Slave". The output 
impedance of the upper socket is 75 n . 

Two BNC, isolated sockets used in 
"Master-Slave" operation. They are 
internally linked by a short circuit. 
When this is removed the top socket 
supplies an output sinusoid of 0.5 V 
peak to peak varying in frequency from 
1.2 MHz (for generator output frequen
cy 1 Hz) to 1.0 M Hz (for generator out
put frequency 10.000 Hz). The bottom 
socket becomes available to take a 
similar signal (1.2- 1 MHz) from an
other generator. Thus any generator can 
be used either as a "Master" or as a 
"Slave". The output impedance of the 
upper socket is 75 n. 

Signal Ground 

Signal Ground 

A BNC, isolated socket providing a 
symmetrical square wave output at a 
pulse repetition frequency (prf) of 
100kHz. The output voltage is between 
2.4 and 5.0 V peak to peak and the 
socket can be loaded by a 5 kn load 
shunted by 150 pF. 
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100- 110kHz 

60kHz 

60-50kHz 

REMOTE PHASE CONT. 

(see Sec.7.3 and 
Sec.7.4.3) 

24 

A BNC, isolated socket providing a 
sinusoidal output of 1 V RMS. The out
put frequency varies between 100 kHz 
(for generator output frequency of 
1 Hz) to 110kHz (for generator output 
frequency of 10.000 Hz). Variation in 
output level over the range is within 
± 0.5 dB. The socket can be loaded by a 
10 kQ load. 

A BNC, isolated socket providing a 
sinusoidal 3 V peak to peak output at 
60 kHz. The socket can be loaded by a 
10 kQ load. 

A BNC, isolated socket providing a 
symmetrical square wave output whose 
prf varies between 60kHz (for genera
tor output frequency of 1 Hz) and 
50 kHz (for generator output frequency 
of 10.000 Hz). The output voltage is 
between 2.4 and 5.0 V peak to peak and 
the socket load ·-capability is 5 kQ shunt
ed by 150 pF. 

A seven-pin socket at which external 
control of both output phase and com
pression level can be obtained. Pin 1 and 
Pin 2: External control of generator out
put signal phase can be obtained by con
necting the output of a voltage divider 
to Pin 2, after removing the internal 
shorting link between Pin 1 and Pin 2. 

-15 v 

1 Phase 
Control 

Compressor DC 



• 

2.2.2. Vibration Meter Section 

The range of phase offset voltage re
quired is from -0.4 V to -4.0 V DC. 
The front panel PHASE control is in
operative when using REMOTE PHASE 
CONTROL. 

Pin 6 and Pin 7. External control of the 
compressor can be obtained by connect
ing an externally derived compressor 
control voltage to Pin 7, after removing 
the shorting link between Pin 6 and Pin 
7. The compressor characteristic is 
shown in Fig.4.6, relating the voltage at 
Pin 7 to the associated amount of com
pression. 

The plug used with this socket is a 
Cannon Type WK-A7-21C (B & K Part 
No. JP 0700). 

CHANNEL SELECTOR SWITCH A three-position slide switch and two 
BNC, isolated sockets used to route the 

and INPUT SOCKETS signals to be measured to the appropri
ate amplifiers. 

Channel 
Selector 

With the CHANNEL SELECTOR switch 
in the centre position each input is 
separate and each input signal is routed 
to the appropriate measuring channel, 
either, "Channel A" or "Channel 8". 

Channel A etc. 

Input A-+--------' 

~-------...,..To Channel B 
ZT~~99 
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With the CHANNEL SELECTOR switch 
in the uppermost position, both vibra
tion meter inputs are taken from the 
left-hand (looking from the rear of the 
generator) input socket. · With the 
CHANNEL SELECTOR switch in the 
lower position, both vibration meter in
puts are taken from the right-hand input 
socket. 

The remainder of the vibration meter outlets are duplicated in both 
channels and thus· only one channel will be discussed. 

EXT. FILTER 

26 

From Input 
via MODE 

"Ext. Filter" 

A seven-pin socket ~t which any exter
nal filters that may be required are con
nected into the vibration meter. 

Pin 2 connects the signal at the INPUT 
sockets, as chosen by the CHANNEL 
SELECTOR switch, to the input of an 
external filter when the MODE switch is 
at "Ext. Filter" or "-6 dB/Oct.". The 
screening of the input to the external 
filters is to be connected to Pin 5. 

Pin 1 : The output from any external 
filter used should be connected to this 
pin with the associated screen con-

From ·Input 
via MODE 
"Accel." 

"Vel." 
"Displ.'' 

"Accel. Grad" 
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EXT. VIB. METER 

From Internal 
Tracking Filter 

nected to Pin 4. The input level for full 
scale meter deflection at Pin 1 is 7 mV 
RMS. The output swing capability of 
the amplifiers preceding the Ext. Filter 
allows closed loop application with 
external filters having insertion losses of 
up to 50 dB. Insertion losses other than 
0 dB connected at this socket will mean 
that the meters are uncal ibrated. 

Pin 3: For use with the Vibration 
Programmer Type 4413 remove the 
shorting link between Pin 1 and Pin 3. 
Connect the input of the 4413 to Pin 1 
and the output to Pin 3. 

The plug used with this socket is a 
Cannon Type WK-A7-21C (B & K Part 
No. JP 0700). 

A seven-pin socket used to connect an 
external vibration meter. 

Pin 1: Connect an external recorder to 
this pin. Screen on Pin 4. 

Pin 2: Connect the output of an exter
nal vibration meter to this pin. The 
associated screen should be connected 

Signal Ground 

o Rectifier 
Mode Select 
Push-buttons 
(both Meter and 
Compressor) 

2U~88 
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METER AC COMP. AC 

28 

From Level 
Potentiometer 
Slider 

to Pin 4 and the shorting link between 
Pin 1 and Pin 2 must be removed. The 
input at Pin 2 to give full scale deflec
tion on the 1026 meters is 1 V R MS. 

Pin 3: Connect the input of an external 
tracking filter to this pin and the output 
to Pin 6, after removing the shorting 
link between Pin 6 and Pin 7. The push
button rectifier selector switches are 
still operable, allowing the meter and 
compressor to operate on RMS, Average 
or Track (using the externally connect
ed tracking filter). Only low insertion 
loss filters can be inserted at this point. 
The input at Pin 6 for full scale deflec
tion is 1 V RMS. 

Pin 4 is connected to SIGNAL 
GROUND and can be used as an earth 
point for cable screen. 

The pi ug associated with this socket is a 
Cannon Type WK-A7-21C (B & K Part 
No. JP 0700). 

A seven-pin socket used to monitor the 
AC signals applied to the meter and the 
compressor rectifiers, or for connection 
of an external AC signal to control the 
compressor loop. 



CONT. SIG. SELECTOR 

(see Sec.7.4.2) 

From Compressor 
Rectifier 

To Compressor 

Pin 3. The AC signal applied from the 
measuring amplifier section of the vibra
tion meter to the top of the LEVEL 
potentiometer can be monitored from 
this pin. 

Pin 2. The AC signal applied to the 
rectifiers in the compressor loop can be 
monitored at this pin. 

Pin 7 is connected to the SIGNAL 
GROUND. The two resistors and the 
shorting link are used when an external 
vibration meter is connected to the 
EXT. VIB. METER socket. 

The plug associated with this socket is a 
Cannon Type WK-A7-21C (B & K Part 
No. JP 0700). 

A seven-pin socket giving access to the 
compressor amplifier and is designed for 
use with external vibration program
ming equipment. 

Pin 2. The unsmoothed DC supplied to 
the compressor speed circuitry can be 
monitored here. 

2TII95 
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2.2.3. Compressor Section 

REMOTE PHASE CONTROL 

REMOTE COMP. CONTROL 

(see Sec.7.5) 
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Channel A 

Safety 
Limits 
Circuitry 

Pin 5. An unsmoothed -DC supplied to 
the compressor. The smoothing will be 
controlled by the compressor speed 
settings of the 1026. The shorting link 
between Pin 2 and Pin 5 must first be 
removed. Full dynamic range of the 
compressor is available for an input 
signal of -1 V average. 

Pin 4 is connected to SIGNAL 
GROUND. 

Pin 3 and Pin 7 provide a voltage divi
sion when using an external program
mer. 

The plug associated with this socket is a 
Cannon Type WK-A7-21C (B & K Part 
No. JP 0700). 

See description in the Generator Sec
tion 2.2.1. 

A seven-pin socket giving remote con
trol over the interlock and safety signals 
associated with the compressor. 

Interlock 
Signal 

Channel B 

Safety 
Limits 
Circuitry 

soon 

+ 15 v 27fl91f 



Pin 1 and Pin 2: Removing the shorting 
link between these two pins and replac
ing it by an external normally-closed 
pair of contacts will allow the generator 
to be remotely switched into "Stand
by", by opening the contacts. 

Pin 1 and Pin 4: The generator interlock 
system can be remotely inhibited by 
closing a normally-open pair of contacts 
connected between these pins. Pin 4 is 
connected to SIGNAL GROUND. 

Pin 6 is connected to a + 15 V supply 
via a 500 n series resistor. 

Pin 5 and Pin 6: The "Safety Lim its" 
circuitry for Channel A can be remotely 
inhibited by closing a normally-open 
pair of contacts connected between 
these pins. 

Pin 3 and Pin 6: The "Safety Limits" 
circuitry for Channel 8 can be remotely 
inhibited by closing a normally-open 
pair of contacts connected between 
these pins. 

The plug associated with this socket is a 
Cannon Type WK-A7-21C (8 & K Part 
No. JP 0700). 
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3. OPERATION 

3.1. PRELIMINARY 

The Exciter Control can be used in any of the ways subsequently 
described by working sequentially through the instructions given. This 
section details the initial setting up of the 1026. 

3.1.1. Mounting 

The 1026 can be used free standing (cabinet Type A) or rack mounted 
(19" standard racks, cabinet Type C). When rack mounted, care must be 
taken that the ventilation air stream (Induction - left side, front; Exhaust
rear panel, top) is not blocked. 

3.1.2. Initial Adjustment 

Ensure that the SET UP CONTROL is at "Stand By", and that the MAX. 
COMP. SPEED is not at "Off". Connect the mains cable supplied to the rear 
panel socket. Check that the voltage selector corresponds to the available 
mains voltages. Switch POWER "On". The digital counter, the scale lamps 
and the "Stand By" lamp will now light. 

3.2. OPERATION AS A VIBRATION METER 

The Exciter Control Type 1026 has two independent vibration meters. 
These can be used to measure any vibratory object but the primary inten
tion is that one channel would be used to control the feedback loop of a 
vibration exciter driven from the 1026 and the other used for response 
testing on the test specimen. The input signal to be used is the output of a 
piezoelectric accelerometer, correctly matched to the vibration meter input 
by a suitable preamplifier (e.g. Accelerometer Preamplifier Type 2622, Con
ditioning Amplifier Type 2626). As well as matching these preamplifiers 
normalize various accelerometer sensitivities to 10 mV /g. 
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For the measurement channel the set-up steps are as follows ( F ig.3.1): 

1. Mount the accelerometer at the point to be measured, then connect 
and set-up 

2. the preamplifier, 

3. the vibration meter, and 

4. any external monitoring or recording instruments used. 

Conditioning 
Amplifier 

2626 

Exciter Control 
1026 

Generator 
Function 

Level Recorder 
2305 

Output from Ext. Vib. 
Meter Socket 

Set Up Control 

Effective 
Averaging 
Time 

Mode 
Level 

Fig.3. 1. Setting up the Vibration Meter section 

3.2.1. Mounting the accelerometer 

Piezoelectric accelerometers, although rugged and dependable, require 
that they be carefully fixed to the test specimen. Care and attention to the 
mounting methods will reduce the attendant changes in accelerometer 
frequency response. The instruction manual supplied with 8 & K Acceler
ometers covers mounting methods in considerable detail and should be 
referred to if any problems arise. Information is also given about the effects 
of temperature, cable length, etc. on the signal to noise ratio. 
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3.2.2. Preamplifier 

The high output impedance of piezoelectric accelerometers and the very 
small signal levels associated with them require that suitable impedance and 
level buffering is inserted between the accelerometer and the vibration 
meter. In this case to retain metercalibration a sensitivity normalizing must 
also be carded out so that the output signal is at a constant sensitivity of 
10 mV /g irrespective of the accelerometer used or the preamplifier mode 
(voltage or charge) chosen. 

The type of preamplifiers in mind are the B & K Conditioning Amplifier 
Type 2626 or the Preamplifier Type 2622, and their operation is fully 
explained in the respective instruction manuals. 

3.2.3. Vibration Meter (Mode and Level) 

After derivation and amplification, the vibration signal is passed to the 
measuring channel. 

1. Connect the output from the preamplifier to one of the rear panel 
INPUT sockets. Either "Channel A" or "Channel B" can be chosen as 
the measuring channel. 

If one channel is in use as the acceleration control channel for a vibration 
exciter, the acceleration velocity or displacement of the control point can 
be read off on the other channel by switching the CHANNEL SELECTOR 
switch such that the single control input is fed to both vibration meters. For 
independent operation of each channel select the centre position. Then each 
input socket is connected to its associated vibration metering channel. 

2. With the Conditioning Amplifier Type 2626 select the charge sensitiv
ity of the accelerometer used on the dial switches with the VOLT /g 
OUT switch set for 0.01 Volts in the range of input charge sensitivity 
used. Select the output mode (Transformer or Direct Coupled), and 
the Upper and Lower FREQUENCY LIMITS (either 3 dB or 5% fall
off points). 

The Preamplifier Type 2622 is a two channel charge or voltage preampli
fier with selectable bandwidth and its output can be normalized to 10 mV /g 
for input sensitivities above 10 mV/g or 10 pC/g. To use the 2622 select the 
"Voltage" or "Charge" mode and "dial-in" the accelerometer sensitivity on 
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the SENSITIVITY controls. Select the highest usable LOWER FREQUEN
CY LIMIT to minimize low frequency noise and connect the relevant OUT
PUT to the 1 026. 

3. Connect to a suitable voltage supply and switch on the POWER switch · 
on all instruments to be used. Choose the vibration mode to be meas
ured with the 1026 Vibration Meter using the channel's MODE 
switch. The SET-UP CONTROL is unimportant here as long as the 
channel has not been selected as COMPRESSOR CONTROL. 

The modes available are "Accel.", "Vel.", "Displ.", "Accel. Grad.". The 
two remaining switch positions use external filters connected at the EXT. 
Fl L TE R rear panel socket. They are "Ext. Filter", which allows a suitable 
external filter to be used directly and "-6 dB/oct.", which connects a 
-6 dB/oct. filter in series with, and immediately prior to the EXT. FILTER 
socket (see section 2.2.2). 

The range of input signals can be covered, as set up by the multi-position 
LEVEL switch. The range markings on this switch are divided into two 
overlapping semi-circles. One semi-circle covers Displacement ("Inches" 
calibration using large lettering, "Centimetre (em)" calibration using small 
lettering) and Acceleration Gradient calibrated in "gJSiC" (using large 
lettering). Full scale deflections are "0.01", "0.03", "0.1", "0.3", "1", "3", 
and "10". The other semi-circle covers Acceleration, calibrated in "g" (using 
large lettering) and Velocity ("inches/sec" calibration in large lettering, 
centimetre/second ("em/sec") calibration in small lettering) with available 
FSDs of "1 ", "3", "1 0", "30", "1 00", "300", and "1 000". 

Because integration networks are used to derive Velocity, Displacement 
and Acceleration Gradient signals certain low frequency limitations are 
involved. The acceptable measurement ranges are shown in Fig.4.12. 

A Dynamic Filter in the measuring amplifier electronically increases the 
amplifier's low frequency cut-off as the generator output frequency is 
increased (Fig.4.13). When the 1026 is used as a Vibration Meter only, this 
must be kept in mind or the specified frequency limits of the available 
measurement ranges will be restricted if the generator output frequency is 
too high. Also the influence of noise will be minimized if the generated 
frequency is kept in step with the frequency of the vibration signal to be 
measured. If the 1026 is used as the signal generator in a vibration system 
this will be inherent. 
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3.2.4. Meter Rectifier Selection 

The three push-buttons at the bottom of each vibration meter channel 
choose different types of rectifier for the vibration signal. The signal applied 
to the meter rectifier when the push-button position "Track" is selected and 
with the GENERATOR FUNCTION at: 

1. "Sine" is the output of a 6% constant percentage bandwidth slave 
filter, centred on the generated frequency. 

2. One of the "Narrow Band Random" positions is the output of a 
constant bandwidth slave filter, centred on the generated frequency 
and with the same bandwidth as the "Narrow Band Random" signal 
(e.g. if the GENERATOR FUNCTION switch has been set to a 
"Narrow Band Random" output signal of "10Hz" bandwidth, then 
the slave filter bandwidth is also 10Hz etc.). 

These AC signals can also be obtained at the relevant pins of the EXT. 
VIB. METER socket (see section 2.2.2) for use with a Level Recorder or 
other external monitor. Note that these signals are 60kHz Sine or Narrow 
Band Random centred on 60 kHz. 

"RMS" and "Average" push-button switches choose between a true RMS 
rectifier and an average value rectifier. 

3.2.5 Effective Averaging Time 

The output of the meter rectifier is averaged in a circuit whose time 
constant can be selected by the switch labelled EFFECTIVE AVERAGING 
TIME. The resultant rectified and averaged DC is displayed on the meter 
associated with the channel in use. The meter calibration is explained in 
CONTROLS section 2.1.2. 

3.2.6. Set-Up Control 

The SET-UP CONTROL must be in either "Stand By" or "Operate" 
before the vibration meter can be used. 

Note: Any overloading of the vibration meter will be shown by the 
OVER LOAD lamp on the front panel. 
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3.2.7. Summary 

1. Connect the normalized (10 mV/g) output of a suitable preamplifier 
(Voltage or Charge) to the INPUT SOCKETS and select a vibration 
measuring channel by the CHANNEL SELECTOR switch. 

2. Select: 

a) MODE and insert any external filters required, at the EXT. 
Fl L TE R rear panel socket. (See section 2.2.2). 

b) LEVEL range required. 

c) Input signal to meter rectifier and rectifier type (broad-band to 
"RMS" or "Average" rectifiers or filtered to an average rectifier) 
and 

d) EFFECTIVE AVERAGING TIME 

e) "Stand By" or "Operate" position of the SET-UP CONTROL. 

3. To use an external monitoring instrument or a Level Recorder the 
broad-band AC outputs on the applied "Track" output (60kHz) to 
the meter rectifier can be obtained at the rear panel EXT. VIB. 
METER socket. (See section 2.2.2). 

Note: 

a) The meter calibration changes with GENERATOR FUNCTION 
. selected, as printed on the meter scales. 

b) The internal slave filters, selected in position "Track", change with 
GENERATOR FUNCTION as shown in section 3.2.4. 

c) The built-in dynamic filter results in measuring error if the test 
frequency is lower than the generator frequency. 

3.3. OPERATION AS A SIGNAL GENERATOR 

The 1026 can be used as a Signal Generator giving selectable bandwidth 
narrow band random outputs or a sinusoidal output from 1 Hz- 10kHz. It 
can be used in one of two ways: a) No compressor loop. (MAX. COM-
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PRESSOR SPEED set to "Off"); b) Basic compressor loop. (MAX. COM
PRESSOR SPEED set to say "1000 dB/sec" and the required OUTPUT 
socket connected to one of the vibration meters). For initial settings see 
section 3.1. 

3.3. 1. With no Compressor Loop 

Connect the 1026 as shown in Fig.3.2, but without the accelerometer 
and preamplifier. 

Set 
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Exciter Body 
4801 

Power Amplifier 
2707 

Conditioning 
Amplifier 

2626 

Exciter Control 
1026 

270'1~ 

· Fig.3.2. Set-up for a Vibration Test 

OUTPUT VOLTAGE to 

GENERATOR FUNCTION 
SAFETY LIMIT 
MAX. COMP. SPEED 
SWEEP CONTROL 
(see Sweep Control 
section 3.6) 

Fully anticlockwise position 
(click off) 
"Sine" or "Narrow Band Random" 
"Off" 
"Off" 
"Manual" 
"Single" 
or "Repeat" 



When in "Manual'' the frequency of the sinusoidal output voltage or the 
mid band frequency of the narrow band random noise output is controlled 
by the MANUAL FREQUENCY CONTROL and its associated VERNIER. 
Analogue and digital displays are provided to indicate the output frequency. 

Operation in "Single" and "Repeat" swept frequency modes is covered 
in section 3.6. 

It must be stressed that with no compressor loop connected extreme care 
must be taken not to damage the instrument being driven. This applies 
especially to vibration exciters and any test specimens, with their inherent 
resonances. 

Set 

SET UP CONTROL to "Operate" 

An output of up to 3 V RMS can now be obtained by turning up (clock
wise) the OUTPUT VOLTAGE control. 

The two vibration meters can be used as Voltmeters (Conversion factor 
10 mV/g; input Impedance >47 kr-2). For use in this way the MODE switch 
should be in "Accel." and the LEVEL switch used to select the range of 
operation. Choose suitable EFFECTIVE AVERAGING TIMES and meter 
rectifier operation ("RMS", "Track" or "Average"). Note that since the 
GENERATOR FUNCTION switch changes the meter indication the con
version factor is 10 mV (peak)/g in "Sine" mode and 10 mV (RMS)/g in 
"Narrow Band Random" modes. 

3.3.2. With Compressor Loop controlling the Output Voltage 

Connect the 1026, using a suitable coaxial junction box, so that the 
OUTPUT used is connected directly to a vibration meter input. 

Set 

SET UP CONTROL to 
OUTPUT VOLTAGE 
GENERATOR FUNCTION 
SAFETY LIMITS 
COMPRESSOR CONTROL 

"Stand By" 
Fully clockwise 
"Sine" or "Narrow Band Random" 
"Off' 
"A" or "B" 
"RMS", "Track" or "Average" 
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MAX. COMP. SPEED and 
COMP. RATE 
SWEEP CONTROL 
(see Sweep Control 
section 3.6) 

On the chosen control channel set: 

MODE 

LEVEL (switch) 
SET UP CONTROL 
LEVEL (Potentiometer) 

As required by frequency and 
distortion limitations 
"Manual" 
"Single" 
"Repeat" 

"Accel." (for constant voltage 
output) 
"Vel." (for + 6 dB/octave out
put voltage change with increas
ing frequency) 
"Displ." for + 12 dB/octave 
output voltage change with in-
creasing frequency). 
Select required output range 
"Level" 
So that required output voltage 
level is shown 

EFFECTIVE AVERAGING TIME As required 
RMS, TRACK or AVERAGE As required 
SET UP CONTROL "Operate" 

The output voltage from the 1026 at any frequency will now be as 
characterized by the setting of the MODE and LEVEL controls of the 
selected control channel. 

3.4. OPERATION AS A VIBRATION EXCITER CONTROL
SINUSOIDAL OUTPUT 

A typical exciter system is shown in Fig.3.2 and this will be used to 
explain the basic operation of the 1026. The basic functions of the Exciter 
Control are to provide an output signal at the required frequency and level 
and to provide suitable compressor control. Initial setting up of the 1026 is 
covered in the Preliminary section 3.1. 

3.4. 1. Generator Section 

1. Manually controlled output frequency. 
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Set 

GENERATOR FUNCTION to 
SWEEP CONTROL 

"Sine" 
"Manual" 

The frequency of the generated signal is now adjustable by the MANUAL 
FREQUENCY CONTROL with fine adjustment by the associated 
VERNIER control. The output frequency is indicated on the 6 digit read
out and the analogue. meter (FREQUENCY DISPLAY). 

2. Automatically swept output frequency. 

Set 

GENERATOR FUNCTION to 
SWEEP CONTROL 

"Sine" 
"Single" 
"Repeat" 

The remainder of the sweep set-up details are given in section 3.6. 

3.4.2. Vibration Meter Section 

At least one of the built-in vibration meters must be reserved as a control 
channel, as selected by the COMPRESSOR CONTROL "A", "B" or 
"Larger" (also see section 3.4.3). 

a) Control Channel 

Connect the output from the Conditioning Amplifier to either of the 
INPUT sockets and use the CHANNEL SELECTOR switch to route that 
INPUT socket to the chosen Control Channel(s). 

Set 

COMPRESSOR CONTROL to "A", "B" or "Larger" 
OUTPUT VOLTAGE Fully clockwise 
SET UP CONTROL "Level" 
EFFECTIVE AVERAGING TIME As required. 

Then on the Control Channel 
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Set 

RMS, TRACK or AVERAGE 
MODE to 

LEVEL (switch) 
LEVEL (potentiometer) 

"Accel.'', "Vel.", "Displ.'', 
"Accel.'' Grad.",or "Ext. Filter" 
Relevant range. 
Adjust until required control 
point vibration level is shown 
on the meter 

Finally, return the SET UP CONTROL to "Stand By". 

Remember for sinusoidal output the slave filters used when "Track" is 
selected (on the vibration meter or compressor control) are 6% constant 
percentage bandwidth types. 

If the COMPRESSOR CONTROL chosen is "Larger" then both vibration 
meters will be used to control the output level. The actual meter used at any 
point in time depends on the pre-set levels, mode and frequency. Each 
vibration meter must be set up independently. Thus when setting "Level" 
choose the vibration meter being pre-set as COMPRESSOR CONTROL, set 
up the control level as above and finally return COMPRESSOR CONTROL 
to "Larger". Also ensure that the rear panel CHANNEL SELECTOR switch 
routes the control signal to both metering channels. 

b) Monitor Channel 

If only one of the meters has been chosen as a Control Channel, the 
other meter can be used independently to monitor other vibration modes at 
the control point, or the vibration levels from another accelerometer and 

· preamplifier. The CHANNEL SELECTOR switch (rear panel) must be suit
ably set. 

3.4.3. Compressor Section 

a) Regulation Speed 

The Compressor is controlled by the COMP. RATE and MAX. COMP. 
SPEED controls. These two controls are interdependent and give resultant 
compressor speeds as shown in Fig.4.7. 
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The choice of compressor speed programme is dependent on stability and 
distortion considerations. Stability factors are in turn dependent on 
specimen peak-notch distribution, 0-values, frequency and for automatic 
sweep, the sweep rate. Distortion is a result of the residual ripple on the 
control voltage after smoothing in the compressor speed circuitry. This 
ripple is dependent on the time constant of the compressor speed and thus 
fixed compressor speed means that distortion will increase with decreasing 
frequency and for a constant frequency the distortion will increase with 
increasing compressor speed. Distortion can be kept constant, however, by 
ensuring that the compressor speed is changed in inverse proportion to 
frequency. This is the case when the compressor runs at a fixed rate set by 
the COMP. RATE control. The distortion curves are given in Fig.4.8. 

b) Compressor control signal 

Select the signal applied to the compressor rectifier using the COM
PRESSOR CONTROL push-button switches. 

The output supplied to the compressor rectifier from each vibration 
channel is chosen independently, thus when COMPRESSOR CONTROL is 
by the "Larger" of the vibration signals the appropriate "RMS", "Track" or 
"Average" push-button, associated with each channel, must be selected. 
When either "A" or "B" is selected only the appropriate "RMS", "Track" 
or "Average" button associated with the chosen control channel need be 
correctly selected. However the interlocking system requires that one of the 
compressor rectifier push-buttons on the non-control channel must be 
selected. 

3.4.4. Operation 

The SAFETY Ll M ITS control can be switched to "Off" for "Manual" 
operation. However, to protect against damage by a sudden Joss of feedback 
loop (e.g. breaking an accelerometer cable) one of the protection levels 
should be chosen(± 1, ±3, or ±6 dB). 

To obtain an output, switch the SET UP CONTROL to "Operate". The 
heavy compression applied in the "Stand By" mode will then be removed 
and the correct level drive signal will appear at the OUTPUT sockets "High 
Pass" and "Linear". In Fig.3.2 one of these would be connected to the 
appropriate input socket of the Power Amplifier Type 2707. 
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The 1026 output signal appears at these sockets with a rise time (slow 
enough to prevent overtesting) that is dependent on the compression speed 
chosen. The final output level reached will be that required to drive the 
exciter control point at the vibration level preset in position "Level". 

When in "Operate" the front-panel indicator lamp associated with the 
control channel will be lit and compression level applied will be seen on the 
COMPRESSION METER. The SAFETY CONTROL IN front panel lamp 
will be lit if a protection level has been selected. 

At any time during a test the exciter vibration level can be changed by 
the LEVEL potentiometer, within the range chosen by the MODE and 
LEVEL switches. Do not make level changes faster than the chosen com
pressor speed can control. Otherwise the safety control will switch the 
system to "Stand By". 

During testing alteration of any of the switches shown in Fig.3.3 would 
cause a step or transient change in the exciter vibration level and these 
switches are therefore interlocked electrically. Alteration of any interlocked 
switch will automatically put the 1026 into the "Stand By" mode thus 
suppressing the output. This will be indicated by the front-panel "Stand 
By" lamp. 

Similarly, scanning through a severe resonance too quickly for the com
pressor speed set could cause the control point level to exceed the pre-set 
level for a damagingly long period before the compressor action took full 

Generator Section 

~~~ . -..:.::.::: :.-:.:: ':. 

Sweep Rate Range 

Generator Function 

Compressor Section 

All controls, except: 
Output Voltage 
Safety Limits 

Mode ]-On channel 
selected as 

1.,.....----:::...---Level control 
(Switch) 

Vibration Meter Section 

Fig.3.3. Interlocked controls of 1026 
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effect and reduced the 1026 output. With the SAFETY CONTROL IN this 
will result in tripping the Exciter Control back to "Stand By" if the excess 
level at the control point is greater than that set by the SAFETY LIMITS 
control. Provision is also made to trip to "Stand By" if the control point 
level drops under the preset level by a given amount. 

Damage to test system or test specimen could also occur if the feedback 
loop is broken. Again the 1026 will go to "Stand By". 

To return to normal operation and reset the interlock or trip circuitry 
the SET UP CONTROL must be switched from "Operate" to "Stand By" 
and back to "Operate" again. 

The Exciter Control should be returned to "Stand By" manually if test
ing is temporarily halted for repairs to the test specimen etc. 

At the end of a test the generator should be returned to "Stand By" 
before the POWER is switched "Off". 

3.4.5. Summary 

Connect the control and monitor signals (normalized to 10 mV /g) to the 
INPUT sockets and route them to the appropriate channels by the rear
panel CHANNEL SELECTOR switch. Connect the "High Pass" or "Linear" 
output to the Power Amplifier used. 

Initial 

Set 

SET UP CONTROL to 
MAX. COMP. SPEED 
OUTPUT VOLT AGE 
SAFETY LIMITS 
EFFECTIVE AVERAGING TIME 
MAINS SELECTOR 
(rear panel) 

"Stand By" 
Any position (except "Off") 
Fully clockwise 
As required 
As required 

Appropriate mains voltage used. 

Connect mains cable and switch POWER to "On". 
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To set the Generator Section (manually controlled output frequency) 

Set 

GENERATOR FUNCTION to "Sine" 
SWEEP CONTROL "Manual" 
MANUAL FREQUENCY CONTROL 
(and VERNIER) Until required output frequency 

is set on the Digital display (or 
analogue meter) 

Sinusoidal Output (automatically swept output frequency). 

Set 

GENERATOR FUNCTION to 
SWEEP CONTROL 

"Sine" 
"Single" or "Repeat" 

For setting of SWEEP RATE and sweep limits see section 3.6. 

To set Vibration Level 

Set 

COMPRESSOR CONTROL to 

MODE 
LEVEL (switch) 
RMS, TRACK or AVERAGE 
SET UP CONTROL 
LEVEL (Potentiometer) 

SET UP CONTROL 
COMPRESSOR CONTROL 

To set Compressor Section 

Set 
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MAX. COMP. SPEED and 
COMP. RATE 

''A'',''B'' 
"RMS", "Track", or "Average" 
Required vibration mode 
Required vibration range 

"Level" 
Until the required control point 
vibration level is shown on the 
control channel meter 
"Stand By" 
"Larger" if required. 

As required by specimen values, 
sweep speed, distortion etc. 
(Fig.4.7). 



Running 

Set 

SET UP CONTROL To "Operate". The output pre
set level will be present after a 
short delay (dependent on 
COMP. RATE and MAX. 
COMP. SPEED) 

Adjust LEVEL (Potentiometer), MANUAL FREQUENCY CONTROL 
(and VERNIER) to adjust output frequency (in SWEEP CONTROL 
"Manual") or starting frequency (in SWEEP CONTROL "Single" or 
"Repeat"). Use the "Start", "Stop", "Reverse" buttons of the SWEEP 
CONTROL as required by sweep conditions. 

Moving any interlocked control will set the 1026 to "Stand By". To 
restore operation switch SET UP CONTROL from "Operate" to "Stand 
By" and back to "Operate". 

To suspend testing for a short time return the SET UP CONTROL to 
"Stand By". Recommence by switching back to "Operate". 

To terminate a test switch SET UP CONTROL to "Stand By". Ensure 
that the Power Amplifier Gain is fully reduced and that the whole system is 
left in a condition that will not cause transients at the next switch on. 

3.5. OPERATION AS A VIBRATION EXCITER CONTROL
NARROWBAND RANDOM 

Narrow Band Random testing is a logical progression from sinusoidal 
testing, allowing tests to be a much closer approximation to conditions 
existing in practice. Initial setting up of the 1026 is covered in the 
Preliminary section 3.1. 

3.5.1. Generator Section 

1. Manually controlled noise band frequency 

Set 

GENERATOR FUNCTION to "Narrow Band Random" 
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SWEEP CONTROL 

"3.16 Hz", 10Hz", "31.6 Hz" 
or" 100 Hz" 
"Single" or "Repeat" 
(see Sweep Control section 3.6). 

3.5.2. Vibration Meter Section 

At least one of the built-in vibration meters must be reserved as a control 
channel, as selected by the COMPRESSOR CONTROL "A" or "B", and .the 
compressor rectifier function must also be chosen. (" RMS", "Track" or 
"Average"). 

a) Control Channel 

Connect the output from the Conditioning Amplifier to either of the 
INPUT sockets and use the CHANNEL SELECTOR switch to route that 
INPUT socket to the chosen Control Channel. 

Set 

COMPRESSOR CONTROL to "A", "B", or "Larger" 
OUTPUT VOLTAGE Fully clockwise 
SET UP CONTROL "Level'' 
EFFECTIVE AVERAGING TIME As required. 

Then on the Control Channel 

Set 

RMS, TRACK or AVERAGE As required. 

For Narrow Band Random outputs the slave filters have constant band· 
widths. The 3 dB bandwidth is the same as that of the noise output (e.g. 
with the GENERATOR FUNCTION set to "Narrow Band Random", 
"31.6 Hz" then the slave filters have a 31.6 Hz bandwidth centred on the 
mid-band frequency of the narrow band noise output). 

Set 
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MODE to "Accel.", "Vel.", "Displ.", 
"Accel. Grad.", or "Ext. Filter" 



LEVEL (switch) 
LEVEL (potentiometer) 

Relevant range 
Adjust until required control 
point vibration level is shown 
on the meter. 

Finally, return SET UP CONTROL to "Stand By". 

b) Monitor Channel 

If only one of the meters has been chosen as a Control Channel, the 
other meter can be used independently to monitor other vibration modes at 
the control point, or the vibration levels from another accelerometer and 
preamplifier. The CHANNEL SELECTOR switch (rear-panel) must be suit
ably set. 

c) "Larger" 

Using the wider bands of noise may result in the test bandwidth exceed
ing the bandwidth of the test specimen resonant response at lower frequen
cies. 

At a certain frequency (determined by noise bandwidth, resonance 0, 
etc.) the specimen response to a sweep random excitation is approximately 
the same as the response to a wide band response. Thus, the sweep test 
should be modified so that below this frequency the specimen is constant 
Acceleration excited, but above the frequency it is excited by a signal of a 
constant Acceleration Gradient. 

This can be done using COMPRESSOR CONTROL set to "Larger". To 
set up such a test each vibration channel must be set up independently (as 
follows). 

Using the rear-panel CHANNEL SELECTOR route the control signal to 
both vibration meters. 

Set 

OUTPUT VOLTAGE to Fully clockwise 
SET UP CONTROL "Level" 
EFFECTIVE AVERAGING TIME As required 
COMPRESSOR CONTROL "A", "RMS", "Track", 

or "Average" 
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Then on Channel "A" 

Set 

MODE 

LEVEL (switch) to 
LEVEL (potentiometer) 

Then set 

COMPRESSOR CONTROL to 

And on Channel "B": 

Set 

MODE 

LEVEL (switch) to 
LEVEL (potentiometer) 

As required 
(say "Acceleration") 
Relevant range 
Adjust until required control 
point vibration level is shown 
on Channel A meter. 

"B", "RMS", "Track" 
or "Average" 

As required 
(say" Accel. Grad.") 
Relevant range 
Adjust until required control 
point vibration level is shown 
on Channel B meter. 

Finally return the SET UP CONTROL to "Stand By" and select COM
PRESSOR CONTROL "Larger". 

3.5.3. Compressor Section 

(a) · Regulation Speed 

The Compressor is controlled by the COMP. RATE and MAX. COMP. 
SPEED controls. These two controls are interdependent and give resultant 
compressor speeds as shown in Fig.4. 7. 

Set 
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MAX. COMP. SPEED 
COMP. RATE 

As required 
As required 
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The compressor speed used must not be so fast that every sudden in
crease in signal level is controlled. Otherwise the distribution of the Narrow 
Band Random will be other than Rayleigh. Settings of the MAX. COMP. 
SPEED for available Noise bandwidths, as set by the GENERATOR FUNC
TION are given in Table 3. 1. 

Noise Bandwidth Max. Comp. Speed 
(Hz) (dB/sec) 

3.16 1 

10 3 

31.6 10 

100 30 

Table 3. 1. Maximum Compressor Speed for a given noise bandwidth 

(b) Compressor Control Signal 

Set 

COMPRESSOR CONTROL "A", "B", or "Larger", 
"RMS", "Track" or" Average" 

Remember that the interlocking system requires that a compressor 
rectifier must be chosen for both channels even though only one of them 
is used as control channel. 

(c) Swept Narrow Band testing 

Set 

GENERATOR FUNCTION to 
SWEEP CONTROL 
(see sec. 3.6) 

3.5.4. Operation 

"Narrow Band Random" 
"Single" or "Repeat" 

Because of the high peak values present with noise output the SAFETY 
Ll M ITS circuitry is inoperative for Narrow Band Random outputs. 
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To obtain an output, switch the SET UP CONTROL to "Operate". The 
heavy compression applied in the "Stand By" mode will then be removed 
and the correct level drive signal will appear at the OUTPUT sockets "High 
Pass" and "Linear". In Fig.3.2 one of these would be connected to the 
appropriate input socket of the Power Amplifier Type 2707. 

The 1 026 output signal appears at these sockets after some delay and 
with a rfse time (slow enough to prevent overtesting) that is dependent on 
the compression speed chosen. The final output level reached will be large 
enough to drive the exciter control point at the vibration level preset in 
position "Level". 

When in "Operate" the front-panel indicator lamp associated with the 
control channel will be lit and compression level applied will be seen on the 
COMPRESSION METER. 

At any time during a test the exciter vibration level can be changed by 
the LEVEL potentiometer, within the range chosen by the MODE and 
LEVEL switches. LEVEL changes should be made slowly enough to retain 
full compressor control. During testing alteration of any of the switches 
shown in Fig.3.3 would cause a step or transient change in the exciter 
vibration level and these switches are therefore interlocked electrically. 
Alteration of any interlocked switch will automatically put the 1026 into 
the "Stand By" mode thus suppressing the output. This will be indicated by 
the front panel "Stand By" lamp. 

The Exciter Control should be returned to "Stand By" manually if test
ing is temporarily halted for any reason. 

At the end of a test the generator should be returned to "Stand By" 
before the POWER is switched "Off". Ensure that the complete test system 
is left in a condition that will not cause possibly damaging transients at the 
next switch on. 

3.5.5. Summary 

Connect the control and monitor signals (normalized to 10 mV /g) to the 
INPUT sockets and route them to the appropriate channels by the rear
panel CHANNEL SELECTOR switch. Connect the "High Pass" or "Linear" 
output to the Power Amplifier used. 
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Initial 

Set 

SET UP CONTROL to 
MAX. COMP. SPEED 
OUTPUT VOLT AGE 
EFFECTIVE AVERAGING TIME 
MAINS SELECTOR (rear panel) 

"Stand By" 
Any position (except "Off") 
Fully clockwise 
As required 
Appropriate mains voltage used. 

Connect mains cable and switch POWER to "On". 

To set the Generator Section 

Manually Controlled Noise band centre frequency. 

Set 

GENERATOR FUNCTION to "Narrow Band Random" of re
quired bandwidth 

SWEEP CONTROL "Manual", "Single" or"Repeat" 
Automatic sweep modes are set 
up as for sweeping sine tests 
(see Section 3.6) 

MANUALFREQUENCYCONTROL 
(and associated VERNIER) Until required noise band mid

band frequency is set on the 
Digital display 
(or on the analogue meter) 

To set Vibration Level 

Set 

COMPRESSOR CONTROL to 

MODE 
LEVEL (switch) 
RMS, TRACK or AVERAGE 

"A", "B", and "RMS", 
"Track", or "Average" 
Required vibration mode 
Required vibration range 
As required 
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SET UP CONTROL 
LEVEL (potentiometer) 

. SET UP CONTROL 

To set Compressor Section 

Set 

Running 

Set 

MAX. COMP. SPEED and 
COMP. RATE 

SET UP CONTROL to 

"Level" 
Until the required control 
point vibration level is shown 
on the control channel meter . 
"Stand By" 

As required by specimen values, 
sweep speed, distortion, etc. 
(Fig.4.7 and Table 3.1) 

"Operate". The preset output 
level will be present after a short 
delay (dependent on the COMP. 
RATE and MAX. COMP. 
SPEED) 

Adjust LEVEL (potentiometer) MANUAL FREQUENCY CONTROL to 
adjust noise band centre frequency (in SWEEP CONTROL "Manual") or the 
starting frequency (in SWEEP CONTROL "Single" or "Repeat"). Use the 
"Start", "Stop", and "Reverse" buttons as required by sweep conditions. 

Moving any interlocked switch will set the 1026 to "Stand By". To 
restore operation switch the SET UP CONTROL from "Operate" to "Stand 
By" and back again to "Operate". 

To suspend testing for a short time return the SET UP CONTROL to 
"Stand By". Recommence by switching back to "Operate". 

To terminate a test switch the SET UP CONTROL to "Stand By" before 
switching POWER "Off". 
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3.6. SWEEP CONTROL 

3.6. 1. Output with swept frequency 

Set 

SET UP CONTROL to 
GENERATOR FUNCTION 
SWEEP CONTROL 

"Stand By" 
As required 
"Single" 
"Repeat" 

The position "Single" will give one sweep commencing in the frequency 
increasing direction ("Up") from the starting frequency and finishing at the 
"Upper Limit". This position will thus be useful for taking frequency 
response curves in conjunction with a Level Recorder 

The position "Repeat" gives a continuously sweeping output frequency 
as would be used in long term development or acceptance testing. Note that 
interlocking between the "Manual", "Single", and "Repeat" buttons 
ensures that the 1 026 goes to "Stand By" if any attempt is made to switch 
from an automatic sweep mode to manual (or vice versa) when in position 
"Operate". Further the output frequency at the time the button is pressed 
will be held until the 1026 is set to "Level" (using the SET UP CONTROL). 

If the starting frequency is set at the upper or the lower limit the sweep 
will commence from the relevant limit and in the relevant direction. 

Set 

SWEEP RATE RANGE "Hz/m in" (Linear) 
"Octaves/min." (Logarithmic) 

The available ranges are listed in Table 3.2, together with the limitations 
of sweep frequency. Because of these limitations two sets of logarithmic 
sweep rate ranges are provided, one with a maximum sweep frequency of 
2000Hz and a 1 Hz minimum, and the other with a maximum of 10.000 Hz 
and a 5Hz minimum. 

Set 
SWEEP RATE to the exact rate required. This is 

a 1 0 turn lockable potentiome
ter 
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SWEEP RATE RANGE Limiting Frequency 
(Hz) 

Linear Sweeps ( Hz/min) Minimum Maximum 

1-10 1 200 

1G-100 1 2000 

10G-1000 1 10,000 

1 OOG-1 0,000 1 10,000 

Logarithmic Sweeps (Oct/min) 

0.1-1 1 2000 

1 -10 1 2000 

10 -100 1 2000 

0.1-1 5 10,000 

1 -10 5 10,000 

10 -100 5 10,000 

Table 3.2. Sweep Rate ranges 

The frequency sweep has three pre-set points. 

a) the "Upper Limit" frequency 
b) the "Lower Limit" frequency 
c) the starting frequency. 

To set up 

a) "Upper Limit" 

b) "Lower Limit" 

c) Starting Frequency 

SET UP CONTROL to "Upper 
Limit" 
Adjust UPPER LIM IT for re
quired frequency (shown on 
read-outs). 
SET UP CONTROL to "Lower 
Limit" 
Adjust LOWER LIMIT for re
quired frequency (shown on 
read-outs) 
SET UP CONTROL to "Level", 
"Stand By" or "Operate". Ad-



• 

just MANUAL F REOU ENCY 
CONTROL for required fre
quency (shown on read-outs). 

Remember that upper limit, lower limit and starting frequencies set up 
with the SWEEP RATE RANGE selecting any of the logarithmic ranges 
with a 5Hz minimum will be divided by 5 if the equivalent logarithmic 
range but with a 2000Hz maximum is chosen later. 

At this point the required vibration levels on the table (i.e. the necessary 
output voltage level from the 1 026) should be set up. 

To commence sweeping switch SET UP CONTROL to "Operate", wait 
for the output level to achieve its normal pre-set level and press the "Start" 
button on the SWEEP CONTROL. 

The sweep can be stopped or reversed at any point by the "Stop" or 
"Reverse" buttons. 

When the SAFETY LIMITS control is at ± 1, ± 3, ± 6 dB the 1026 will 
electronically be returned to "Stand By" if the table level variations exceed 
the SAFETY LIMIT pre-set. Should this happen the sweep will stop. 

At the end of each "Single" sweep the Exciter Control is electronically 
returned to "Stand By" condition. 

To return the 1026 to normal operation the SET UP CONTROL must be 
switched from "Operate" to "Stand By" and back to "Operate". The fre
quency at which the trip occured will be held throughout and using the 
"Start" button will allow the test to be continued from the frequency of 
trip and in the direction of sweep immediately previous to the trip (except 
when at the end of a "single" sweep when the direction will be reversed). 

If the original starting frequency is required switch the SET UP CON
TROL to "Level" before returning it to "Operate". The 1026 will then set 
up at the original starting frequency and the sweep can be recommenced by 
the "Start" button. 

Remote control of sweep characteristic and rate, start, stop and reverse 
can be achieved using the REMOTE SWEEP CONTROL rear panel socket. 
Full details are given in sections 7.1 and 7.2. 

At the conclusion of a sweep test the test can be stopped by turning the 
SET UP CONTROL to "Stand By". 

57 



3.6.2. Summary 

Set 

SET UP CONTROL to 
GENERATOR FUNCTION 
SWEEP CONTROL 
SWEEP RATE RANGE 
SWEEP RATE 
SET UP CONTROL 
UPPER LIMIT 
SET UP CONTROL 
LOWER LIMIT 
SET UP CONTROL 
MANUAL FREQUENCY 
CONTROL 

"Stand By" 
As required 
"Single" or "Repeat" 
As required 
To the exact rate required 
"Upper Lim it" 
To required sweep upper limit 
"Lower Limit" 
To required sweep lower limit 
"Level" 

To required Starting Frequency 

Preset all vibration levels using MODE switch, LEVEL switch and 
LEVEL potentiometer. Preset required COMP. RATE and MAX. COMP. 
SPEED. 

Set 

SAFETY LIMITS to 
SET UP CONTROL to 

As required 
"Operate" 

Wait for the pre-set output level to be established by the compressor 
action. 
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Commence sweeping using the "Start" button. 

Reverse the sweep direction with the "Reverse" button. 

Stop sweeping with the "Stop" button. 

In the event of a trip into "Stand By" to recommence: 

a) at the trip frequency. Switch the SET UP CONTROL to "Stand By" 
and back to "Operate" 

b) at the originally pre-set starting frequency. 
Switch the SET UP CONTROL to "Level" and back to "Operate". 
Recommence sweeping using the "Start" button. 
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At the end of a test, cease testing by switching the SET UP CONTROL 
to "Stand By" before switching off mains power to the test system. Ensure 
that the system is left in a condition that will not cause transients at the 
next switch on. 
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4. DESCRIPTION 

A simplified overall s~hematic of the Exciter Control is shown in Fig.4.1. 

The 80 dB unswitched frequency coverage of the 1026 is obtained by 
using a Heterodyne type of oscillator. 

A double, balanced modulator is used for the heterodyning (mixing) 
process giving frequency components in its output equal to the sum and 
difference of the two input frequencies. The difference component is 
filtered, amplified and made available as the output signal. The inputs to the 
mixer are at 60kHz and between 60 and 50 kHz. (See Fig.4.2). 

A----~ r---
Inputs 

B ---+---i 
t----
1 
I 
I 

Tuning Outputs 

Voltage 
Controlled 

Rectifier 

Compressor 
Control 

Sweep 
Control 

Modulator 

and LP Filter 

Amplifier 

Main Output 

1- 10.000 Hz 

L- -------------------------------

Fig.4. 1. Simplified block diagram of 1026 
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Fig.4.2. Stabilization of the variable oscillator 
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4.1. HIGH-FREQUENCY SOURCES 

4.1.1. 1.2 MHz Oscillator 

The 60 kHz signal is obtained by dividing down from a 1.2 M Hz master 
oscillator frequency. This master frequency is derived from a high stability, 
crystal controlled oscillator. The oscillation characteristics of a piezoelectric 
crystal are well defined and highly stable. The crystal used in the 1026 
master oscillator is accurate to ± 15 p.p.m. over a temperature range of 0-
70°C. 

The 1.2 MHz output is also used as the time base of the digital read-out. 

4.1.2. 1.2- 1 MHz Oscillator 

The 60- 50 kHz signal is derived by dividing down from a basic 1.2-
1 MHz frequency range produced by a voltage controlled oscillator (VCO). 
Voltage control gives much simpler, more accurate and more versatile sweep 
generation capabilities than previous mechanical systems. This type of 
oscillator uses a frequency determining component (here a varactor diode) 
whose value (and therefore the value of generated frequency) depends on 
the DC voltage across it. A varactor diode has a voltage-dependent capaci
tance and thus when used in a tuned circuit the resonant frequency of the 
circuit is voltage controlled. 

Frequency counting is carried out directly on the high frequency 1.2-
1 MHz signal. This enables the sampling time in the counter circuitry to be 
as short as 0.5 sec. for 0.1 Hz reading accuracy. 

Linearity and frequency stabilization are provided for the VCO using a 
closed loop feedback system. (Fig.4.2). As shown in Appendix, chapter 10, 
the output frequency of the VCO (f) is only a function of the crystal 
oscillator frequency (ff), the sweep voltage applied (E

5
) and the timing 

components in the frequency to DC converter. It is also shown that the 
conversion factor for the generator overall is 0. 75 mV /Hz. 

4.1.3. Narrow Band Random 

The selectable bandwidths of noise are produced by low pass filtering the 
vector components of a low frequency noise signal, recombining to re
obtain the vector resultant and then frequency transforming the low pass 
filtered signal to a band pass filtered signal (Fig.4.3). 
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Variable Cut Off 
Frequency 

Low Pass Fil ters 

Fig.4.3. Selection of noise bandwidth 

The basic noise generator is a semi-conductor working under reverse 
breakdown conditions. A 500 Hz band of noise centred at 6 kHz is resolved 
into its vectorial components by the ring modulators. Each component is 
low-pass filtered in a filter whose bandwidth is chosen by the GENERATOR 
FUNCTION control. The vector resultant is formed in the chopper and 
modulated onto a 60 kHz carrier. 

The 60kHz modulated waveform and the 60- 50 kHz sine wave are 
modulated together to form the final output, a narrow band noise signal 
centred at the frequency shown on the 1026 FREQUENCY DISPLAYS. 

4.2. MAl N OUTPUT 

The main output from the generator, a variable frequency sinusoid or 
narrow random signal is obtained by mixing of the variable (60- 50 kHz) 
sinusoidal oscillator with either the fixed (60kHz) sinusoidal or the 60 kHz 
narrow band random noise signal. The fixed frequency signal is controlled in 
level by the compressor circuit (see section 4.6). The mixing process is 
performed in a double, balanced ring modulator and the difference signal is 
obtained by filtering. The resultant signal is then amplified and fed to the 
two output sockets LINEAR and HIGH PASS. The HIGH PASS output 
employs a single pole high-pass filter (cut off slope 6 dB/octave) with com
ponents 1 nF and 22 k.Q, giving a cut-off frequency (unloaded) of 45Hz 
(-3 dB). The cut-off frequency in service will also be influenced by the 
input impedance of the power amplifier, in the case of the B & K 
Types 2707 and 2708, the effective cut-off frequency of the HIGH PASS 
output of the 1026 is about 15 Hz. With other types of power amp I ifier the 
cut-off frequency will be given approximately by 
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10 kil 
------- x 15Hz 
Input Impedance 

4.3. FREQUENCY READOUTS 

4.3.1. Digital Outputs 

These are derived as shown in Fig.4.4. The time base pulse (0.5 sec), 
obtained from the 1.2 MHz oscillator output, "opens" the decade counters. 
The exact frequency of the 1.2-1 MHz oscillator is counted in the decade 
counters. At the end of 0.5 sec a short enable pulse transfers the decade of 
each decade counter, via the driver stages, to the relevant numeral of the 
digital readout tube. After transfer, a reset pulse clears the counters for the 
next read-in period. 

1.2 MHz 

Bandwidth 
Control 
Socket 

Digital Readout 

Bandwidth Control Logic 

Fig.4.4. Digital Frequency Output 

A BCD coding of the generated frequency is supplied from the counters 
to the DIGITAL OUTPUT socket. 

Further logic circuitry is used to provide the BANE>WIDTH CONTROL 
output. 
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4.3.2. Analogue Readout 

A square wave at ten times the output frequency (10Hz- 100kHz) is 
fed to a CR network with a logarithmic characteristic. The DC output from 
this network is used to deflect the analogue FREQUENCY DISPLAY meter. 

4.3.3. DC a: f 

The control DC input to the variable oscillator is taken to the panel 
output socket via a DC amplifier to give an output directly proportional to 
frequency in the range 1 to 11 V DC. 

4.3.4. DC a: log f 

The voltage applied to the analogue frequency meter is also provided at 
the "DC ex: log f" socket after suitable buffering, to give an output 
proportional to the logarithmic of frequency in the range 0 to -6 V DC. 

4.4. TUNING OUTPUT 

4.4.1. 1.2 MHz and 1.2- 1 MHz 

These are derived directly from the master oscillator and the variable 
oscillator. 

4.4.2. 60 kHz and 60 - 50 kHz 

The 3 V peak to peak sine wave 60 kHz signal is derived from the 
1.2 MHz oscillator by a division process (x 1/20). Frequency division is 
realized by firstly deriving a suitable level square wave, from a saturated 
amplifier driven at the fundamental, and then by successive division using 
logic circuitry. Filtering is used to re-constitute the sinusoidal nature of the 
signal, once the division process is complete. 

The variable frequency (60- 50 kHz) symmetrical square wave output is 
derived by a similar division process using the 1.2- 1 MHz variable 
oscillator as a master source. The output is taken from a TTL integrated 
circuit. 

65 



4.4.3. 100kHz and 100- 110kHz 

The fixed frequency ( 1 00 kHz) symmetrical square wave is derived by 
taking 1/12th of the crystal output frequency. The output is taken from a 
TTL integrated circuit. 

The variable frequency sine wave has a frequency of 100kHz when the 
1026 output frequency is 1 Hz (and 110kHz at 10kHz). This frequency 
change is in the opposite sense to that of the built-in variable oscillator. The 
sense is reversed by mixing the 60- 50 kHz sine wave with a higher but 
constant frequency (160kHz). The difference component is obtained at the 
output ( 100- 110 kHz). The 160 kHz signal is obtained by division from 
the 1.2 M Hz oscillator (x 1/15) to obtain an 80kHz square wave from 
which the second harmonic component is tuned. 

4.4.4. Constant Level Outputs 

The symmetrical square wave signal at 240- 200kHz (x 1/5 of the 
1.2 MHz master oscillator) is fed to a logic system. In phase and goo phase
shifted square waves at 60-50kHz are obtained and after modulation with 
a 60kHz constant amplitude signal (1/20 of the 1.2 MHz master oscillator), 
suitable filtering and amplification results in two sine wave outputs with a 
goo phase difference between them, but of constant amplitude. 

4.5. SWEEP CONTROL 

Basically the automatic sweep unit is a current source charging a 
capacitor C ( Fig.4.5). The rate of change of capacitor voltage E is given by 

~=-i =~ 
dt C R0 C 

where the last equality states that the charging current (i) in practice is 
determined by a voltage (V 0 ) and a resistor (R 0 ). From the expression 

shown in Chapter 10 (f0 = ~ x 103 x E
5

- 1 kHz) relating output frequency 

f0 to input voltage E5 , the time rate of change is 
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DC ~ Start 
Frequency 

To Variable 
Oscillator ,.__-a 

Fig.4.5. Automatic Sweep Control 

Using E (after suitable buffering) as input voltage for the oscillator gives 

~=~x 103 x~ 
dt 3 R0 C 

Holding V 0 constant will give a linear sweep and making V 0 proportional 
to frequency (f0 ) will give a logarithmic sweep. Sweep direction is 
determined by the polarity of V 0 • Different ranges of sweep rate can be 
selected by the SWEEP RATE RANGE control by means of a stepwise 
change in R0 • Within each range the sweep rate is set by continuous adjust
ment of V 0 • 

The sweep control circuitry provides interlocking between the position 
settings of the "Repeat", "Single" and "Manual" push-buttons of the 
SWEEP CONTROL and the settings of the MANUAL F REOUENCY 
CONTROL, UPPER LIMIT, and LOWER LIMIT controls to prevent 
illogical conditions occuring. For example, the MANUAL FREQUENCY 
CONTROL cannot be used to set frequencies outside the range preset by 
the UPPER LIMIT and LOWER LIMIT controls when positions "Repeat" 
and "Single" are selected. 

The start frequency is set up as an offset voltage on capacitor C. In the 
Upper Limit and Lower Limit pre-set positions the offset is controlled by 
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the UPPER Ll MIT and LOWER Ll MIT controls respectively. The upper and 
lower frequency limits are set up as DC levels in a comparator, which 
controls the changes in sweep direction. 

The short term "Stop" button disconnects the constant current charging 
source. 

4.6. COMPRESSOR 

As well as defining and controlling the output frequency, a good Exciter 
Control must also be able to compress changes in exciter table vibration 
level due to non-linearities in the exciter and specimen responses. 

The compressor amplifier in the 1026 is inserted in the fixed frequency 
part of the oscillator section and controls the amplitude of the 60kHz 
signal prior to the modulator. A three stage amplifier with FET controlled 
feedback is used to shift the phase of the 60kHz signal (by the front panel 
PHASE control) over a range greater than 360°. The output of the phase 
shift amplifier is applied to, basically, a two stage amplifier, again with FETs 
in the feedback loop. The compressor control voltage is applied to each of 
these FETs and causes the gain determining feedback resistance to change. 
The FETs are carefully matched to secure temperature stability and 
constant regulation accuracy over the entire dynamic range. 
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The compressor characteristic ( F ig.4.6) thus obtained is I inear and of the 
form 

V Compressor output voltage 
V 0 Compressor input voltage 
E Compressor regulation voltage 
E0 The value of Ewhen the compressor amplification is unity 
K Constant 

In this case K = 40 which corresponds to a regulation accuracy of 20 dB 
compressed to 0.5 dB. ( Fig.4.6). 

4.6.1. Compressor Speed 

Basically, this is controlled by an RC smoothing circuit and the constant 
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( K) defined above and gives a closed loop time constant T = ~c. Stepped 

values of compressor speed are produced by stepped changes in R. Likewise 
continuously changing compressor speeds are given by continuously chang
ing values of R. Thus when R is a light dependent resistor and the light 
intensity is proportional to the generated frequency, continuous variation of 
compressor speed with frequency is possible. 

The 1026 compressor speed circuitry uses both of these principles. The 
MAX. COMP. SPEED control changes the value of R in steps and the 
COMP. RATE control selects the slope of the compressor speed characteris
tic with frequency. The overall effect of these two controls is to produce 
compressor speeds continuously increasing with increasing frequency up to 
a pre-set maximum speed. Combinations of the controls are summarized in 
Fig.4.7, and the second harmonic distortion for various compressor speeds is 
shown in Fig.4.8(a). The third harmonic distortion is given in Fig.4.8(b). 

4.6.2. Compressor Control 

The switching that selects which channel is the control channel and 
which rectifier is used to produce the compressor control signal is done in 
these circuits. The "Larger" selection is also done here. The signal level from 
each vibration meter is fed into a comparator the output of which energizes 
the relevant FET gate, allowing the larger of the two inputs to define the 
compressor control signal. 

4.7 SAFETY LIMITS AND INTERLOCK 

4.7.1. Safety Limits 

To detect the changes of exciter table level quickly, a sensing circuit with 
a fast acting time constant is used to monitor the compressor signal. The 
output of the compressor rectifier is also fed to a 3rd order active low pass 
filter. The resistive components of this filter are light dependent and vary in 
inverse proportion to the output frequency i.e. the filter rise time varies in 
inverse proportion to the output frequency. 

The normalized step response of this filter is shown in Fig.4.9. The rise 
time is approximately two periods of the filter input signal. 

The DC output of the filter and the compressor control voltage are 
balanced against each other in a differential amplifier to give zero volts at 
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Fig.4.9. Normalized step response of compressor rectifier output filter 

the output of the amp I ifier when the vibration system is working correctly. 
Any disturbance at the vibration exciter table will cause a large change in 
the filter output (due to its short time constant) and almost no change in 
the much slower compressor control signal. Thus, the difference between 
the required and actual vibration levels appears at the output of the 
differential amplifier. This voltage is fed to a window comparator which 
activates the "Stand By" relay when the voltage moves outside the window. 
Using this system the number of periods between the trip initiation and 
output suppression is constant and independent of frequency. 

The photograph of Fig.4.1 0 shows the change in output voltage of the 
1026 when the trip is initiated. In this case compressor control was lost 
because of a broken accelerometer cable. The upper waveform indicates the 
time of the break and the lower shows the fast but not instantaneous 
reduction of output level. Too sudden a reduction in output would 
constitute a shock to the test specimen. 

The effectiveness of the safety monitor circuit depends on the difference 
between the time constants of the closed loop system and the low pass 
filter, with the latter always being the smallest. A slight reduction in 
effectiveness will be noted therefore when the controlling signal is taken 
from a tracking filter, with its inherent time constant. 
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Fig.4. 10. Shut-down of compressor after initiation of trip 

4.7.2. lnterloc_l< 

Extra switch contacts are provided on the critical switches so that if 
these are moved when in position SET UP CONTROL "Operate" the inhibit 
circuitry is initiated. Logic circuitry is also included in the interlock system 
so that all controls are correctly inter-related. 

4.8. VIBRATION METERS 

The vibration meters are identical and can operate independently. A 
block diagram of one of the meters is shown in Fig.4.11. The Channel 
Selector routes the control signal to the relevant channel. The normalizing 
factor used is 10 mV/g. The useable specified ranges are summarized in 
Fig.4.12. 
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Input B 

Input A 

Fig.4.11. Block diagram of Vibration Meter section 

1000 1000 
300 300 
100 100 

Accel. 30 Vel. 30 
10 Inches/sec 10 
3 3 
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10 10 
3 3 

1 1 
Displ. 0.3 Accel. Grad. 0_3 

(Inches) 0.1 g Jsec 0.1 
0.03 0.03 
0.01 0.01 
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Frequency 

Fig.4.12. Useable ranges of Vibration Meter 

4.8.1. Input Attenuator and Mode 

1kHz 10 
Frequency 

1kHz 10 
Frequency 

2.71'1'17 

The adjustment of the overall system gain is done by the input 
attenuator (LEVEL). Signal integration and processing is done in the MODE 
circuitry giving -6 dB/oct., -12 dB/oct., and -3 dB/oct., for Velocity, Dis-
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placement and Acceleration Gradient respectively. An external filter can 
also be introduced as shown in Fig.4.11. 

4.8.2. Dynamic Filter 

The vibration meter is given a frequency response that is frequency 
dependent by including a digitally controlled high pass 2-pole Butterworth 
filter in the amplification chain. The frequency of the -3 dB point is 
increased in steps for increasing generator output frequency (Fig.4.13). This 
reduces the effects of low frequency noise when working at reasonably high 
frequencies. The filter used is an active Sa lien-Key type with F ET switching 
of the resistors controlling the filter response. ~ 
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Fig.4.13. Vibration Meter dynamic filter 

4.8.3. Slave Filter 

The slave filter selected by the push-button TRACK is shown in the 
block diagram of F ig.4. 14. 

The low frequency input signal from the vibration meter is modulated by 
the divided down output of the variable oscillator (60- 50 kHz). The 
resultant signal at 60 kHz is filtered in a 500Hz bandwidth band pass filter. 
The filter output is broken down into its vectorial components using ring 
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Input from 
Vib. Meter 

Fig.4. 14. Principle of slave filter 

modulators fed with goo phase different square waves at 60 kHz. The 
resultant DC components, representing the in-phase and goo vector com
ponents are filtered in the single pole low-pass filter. 

The component voltages are restored to 60kHz by a chopping technique. 
Summing and filtering in a band pass filter now results in a 60kHz sine 
signal with an amplitude proportional to the component of the fundamental 
in the input signal with a bandwidth determined by the low-pass filters. The 
adjustable output amplifier sets the total filter amplification to 0 dB. 

Using the low-pass to band-pass conversion, the bandwidth of the band
pass filter becomes twice the low frequency cut off of the low-pass filter 
(e.g. for a low-pass cut-off frequency of 1.5 Hz the transformed band-pass 
filter would be 3.0 Hz). To obtain constant bandwidth band-pass filters 
therefore it · is only necessary to change the value of the resistor in the 
low-pass filter to accord with the required band-pass bandwidth. In the case 
of a constant percentage bandwidth band-pass filter it is arranged that the 
resistor value is continuously variable with frequency. This is arranged in the 
1026 by having light dependent resistors in the low-pass filter. The incident 
light on these components is made to vary with frequency, thus obtaining 
the constant percentage characteristic required. 

The overall slave filter output- as presented to the rectifier and to the 
rear panel socket EXT. VI B. METER- is at 60kHz, and is not remodulated 
back down to the low frequency of the input: 
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4.8.4. Meter Rectifiers 

Two rectifiers are provided- one giving an output proportional to the 
average of the signal applied and the other giving an output proportional to 
the RMS value of the applied signal. The full output range of the vibration 
meters has to be handled by these rectifiers. They thus need a wide dynamic 
range. 

The output of the slave filter (at 60kHz) is applied to the average 
rectifier, since at this frequency a wide dynamic range RMS rectifier is not 
feasible. However, for the purposes of compressor control, it is unimportant 
whether the rectifier is average or RMS so long as the signal is free from 
distortion and noise components. 
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5. USE WITH LEVEL RECORDERS 

The Exciter Control can be used together with a Level Recorder to 
produce frequency response curves. Time synchronization in the X-plane is 
achieved either by the linearity of the sweep and X drive systems (as in the 
2305) or by using an electronic synchronizing technique (as in the 2307). 

Direct plots of vibration level (on a variety of logarithmic and linear 
Y-Axes) against frequency can be obtained. This convenient method of 
information presentation is particularly useful for 

. a) Monitoring the motion of the exciter table and fixture. 

b) Charting the combined frequency response of the power amplifier, 
exciter system and specimen. 

c) Recording the vibration levels at various parts of the test specimen. 

5.1. LEVEL RECORDER TYPE 2305 

5.1.1. Synchronization 

No direct mechanical or electrical link is used between the 2305 and the 
1026. 

The X-plane shift of the 2305 is provided by a synchronous motor 
(rotating at a speed dependent on the mains frequency) driving through 
precision gearing. This ensures a paper speed that is both defined and 
constant within a fairly tight tolerance. 

The sweep speed of the 1026 is controlled by electronic ramp circuitry 
and is continuously variable. Thus using the two controls SWEEP RATE 
RANGE and SWEEP SPEED accurate sweep speeds can be set up. 

When using uncalibrated Level Recorder papers (QP 0102, OP 0402, and 
OP 11 02) either logarithmic or linear sweep speeds can be selected for the 
1026. Frequency calibration can be done using the EVENT MARKER of 
the Level Recorder at the frequencies of interest. 
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The simple relationship between frequency per unit length of paper 
(Hz/mm), paper speed (mm/sec) and sweep speed (Hz/min) can be derived. 

. . Sweep Speed (Hz/min) 
Calibration Factor (Hz/mm) = 60 p S d ( I ) x aper pee mm sec 

Thus a frequency response curve can be plotted on uncal ibrated paper 
knowing the start frequency and the calibration factor for linear sweeps. 
For logarithmic sweeps the sweep speed is defined in Octaves/minute. 

. . Sweep Speed (Oct./min) 
Calibration Factor (Oct./mm) = 

60 
p S d ( I ) x aper pee mm sec 

Again the frequency response curve is obtained but this time on aX-axis 
proportional to the logarithm of frequency. 

When using calibrated Level Recorder papers (QP 1124, QP 0124, 
QP 1152, QP 0424, QP 1142 and QP 1143) the range of available sweep 
speeds that give calibration factors (Octaves/mm) the same as that of the 
paper are limited because Paper Speed (mm/sec) is not a continuously 
variable function. Suitable values are given in Table 5.1. 

The paper type QP 1130 cannot be used. 

Sweep Speed 
Octaves/min. 

Paper Speed 
mm/sec. QP 1124 QP 0424 QP 1142 

QP 0124 QP 1143 

30 120 60 
10 40 20 
3 12 6 
1 4 2 
0.3 1.2 0.6 
0.1 0.4 0.2 
0.03 0.12 0.06 

Table 5.1. Sweep Speeds required for a given Level Recorder Paper Speed 

5.1.2. Recording 

To use the Exciter Control/Level Recorder combination with un
calibrated paper requires each instrument to be connected up and set up as 
described in the relevant chapters of the Instruction Manuals. 
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Set the 2305 for Single Chart Recording and the 1026 SWEEP 
CONTROL for "Single" sweep. Then, having set the Exciter Control 
LOWER Ll M ITS to the start frequency of the analysis, to start a recording 
simultaneously press SWEEP CONTROL "Start" on the 1026 and "Single 
Chart-Cont. Record" push-button on the 2305. Mark off suitable frequency 
points on the recording paper using a pen or the EVENT MARKER. 

At the end of the sweep the 1026 will automatically stop at the UPPER 
Ll MIT set but the 2305 must be stopped by releasing the "Single Chart
Cont. Record" button. 

When using the 1026/2305 combination with calibrated paper a check 
must be made that both instruments are running in step. 

On the 1026: 

Set up as for normal, single sweep operation setting the LOWER LIMIT 
control to the lower limit of the recording paper to be used. 

Choose a suitable sweep speed (combination of SWEEP RATE RANGE 
and SWEEP RATE) dependent on system Os, slave filter bandwidths, etc. 
Also choose the compressor speed accordingly (combination of COMP. 
RATE and MAX. COMP. SPEED). 

Set the start frequency as required. 

On the 2305: 

Set up as in the Instruction Manual for Single Chart Recording. 

Using the finger wheel set the chart so that the pen lies on the required 
start frequency. Minimum gear back-lash is present if the paper is set to the 
start position by rotating the finger wheel against the normal direction of 
rotation. Lower the pen. Set up the PAPER SPEED to the value given in 
Table 5.1, that corresponds to the paper used and the sweep speed chosen. 
Remember to position the 10:1 gear level correctly. 

To commence a scan and record press SWEEP CONTROL "Start" and 
"Single Chart-Cont. Record" simultaneously. Hold the "Single Chart-Cont. 
Record" button down for a short while before releasing it. Both instruments 
will now complete a scan and stop automatically. 

80 



Before commencing a final record check that the sweep speed and paper 
speed are in fact in step by fine adjustment of the SWEEP RATE control 
after a few test runs have been made. 

Remote control of "Start" and "Stop" functions on both 1026 and 2305 
is possible and a suitable external controller can be constructed. Full details 
can be obtained on request to the Ncerum factory. 

5.2. LEVEL RECORDER TYPE 2307 

5.2.1. Synchronization 

This recorder is an advanced version of the 2305 mostly containing the 
same recording system (writing mechanism, pen system, etc.) but with a 
different paper drive mechanism. 

The paper drive system uses a reversible synchronous motor that does 
not require mechanical clutches. The paper drive can be controlled in both 
directions by an external DC voltage. Thus the X-axis can be made to 
represent any quantity. When used with the 1026 and controlled in the 
X-axis by the output DC ex: log f, the use of two controls on the 2307 
enables the two instruments to be synchronized to any calibrated recorder 
paper required. 

5.2.2. Recording 

To use the 1026/2307 combination each instrument must be set up 
separately for sweep speeds, etc. as detailed in the relevant Operation 
chapter of the instruction manuals. 

Set up the 1026 as in Fig.5.1 to drive the exciter at the analysis level for 
a "Single", "Up" frequency sweep, with UPPER LIMIT and LOWER LIMIT 
controls set to the upper and lower analysis frequencies respectively. 

Then connect DC ex: log f socket of the 1026 to the X-input of the 2307. 

On the 2307: 

1. Ensure that the connecting cable to 2307 is wired for the range of volt
age (Oto-6 V) available from the 1026 DC ex: log f socket. The correct 
cable is shown in Fig.5.2. 
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Fig.5. 1. Connection of Type 2307 Level Recorder 

2. Set 

POTENTIOMETER RANGE According to Range Potentio
meter fitted 

RECTI Fl ER RESPONSE As required 
LOWER LIMITING FREQUENCY As required 
WRITING SPEED As required 
PAPER DRIVE "X-Rec." 
PAPER SPEED Select "mm/sec" or "em/sec" 

INPUT POTENTIOMETER 
INPUT ATTENUATOR 
PEN DRIVE 

between "0.0003" to "1 0" 
(not 100 em/sec) 
As required 
As required 
"On" 

3. Set the 1026 (SET UP CONTROL "Stand By" and SWEEP 
CONTROL "Manual" for this adjustment only) to the minimum 



JP 0802 

JP 0035 

~'72051 

Fig.5.2. Connecting cable required between 1026 DC ex: log f and 2307 
X-INPUT 

frequency of the sweep. Using the side mounted screwdriver control 
"Zero" of the 2307, set the paper so that the pen lies over the 
frequency set. 

4. Set the 1026 to the maximum frequency of the analysis. The paper in 
the 2307 will now move forward. Use the side mounted screwdriver 
control "Sensitivity" of the 2307 to set the paper and pen coincident 
over the maximum analysis frequency. 

5. Fine adjust the synchronization by checking "Zero" (as in 3 above) 
and "Sensitivity" (as in 4 above) once more. 

The Exciter Control/Level Recorder combination is now synchronized 
for the analysis range chosen. 

To operate, return the 1026 to "Single" sweep and to the required 
"Start" frequency. Switch the SET UP CONTROL to "Operate" and allow 
the compressor to take control. Commence the analysis using the SWEEP 
CONTROL "Start" button. 
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6. PROGRAMMING SYSTEM 

6.1. POSSIBLE COMBINATIONS 

A common method of deriving test level specifications from environ
mental data is shown in Fig.6.1. This is known as enveloping and at .the 
present state of the art allows the best engineering judgement of the actual 
operating conditions to be made. Dependent on the environment, one or 
more "cross-over" points can be defined. 
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Using a 1026, a Vibration Programmer Type 4413 and a Measuring 
Amplifier such as the 2606/2607 or 2608, the combinations of Table 6.1 
can be implemented, giving up to four frequency subranges, using all three 
vibration modes (Acceleration, Velocity and Displacement). Further 
combinations are detailed in the 4413 instruction manual. 

Modes Instruments Required 

Number of 2606, 
Cross-over Combination D v A 1026 4413 2607 
Frequencies , etc. 

1 II' II' II' 
1 2 II' v v 

3 v v v 
4 v v v v 

2 or 3 
5 v v v v 
6 v v v v 
7 v v v v v v 

Table 6.1. Instruments required for given test programmes 

6.2. SINGLE CROSS-OVER SPECIFICATIONS 
(Combinations 1, 2 and 3 in Table 6.1). 

These are the most common specifications and can be simply 
implemented using the "Larger" function of the COMPRESSOR 
CONTROL. 

Consider an exciter table controlled by one of the vibration meters at 
constant Displacement. As frequency increases the table Acceleration level 
increases (Acceleration a:= w 2 x Displacement). If the other channel is set 
for an arbitrary Acceleration level and the "Larger" COMPRESSOR 
CONTROL button is selected, the circuitry is such that at the frequency 
where the acceleration level due to the controlled constant Displacement is 
equal to the acceleration level preset on the constant Acceleration vibration 
meter control passes to the constant Acceleration channel. This frequency is 
the cross-over frequency. Transition of control from one channel to the 
other is smooth and "thump-free" because of the FET gating system used. 
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6.3. MULTIPLE CROSS-OVER SPECIFICATIONS (Two modes) 
(Combinations 4, 5 and 6 in Table 6.1). 

' To implement a test specification such as that shown in Fig.6.1, three 
cross-over points and two vibration modes (Displacement and Acceleration) 
are needed. This specification can be met using the combination shown in 
Fig.6.2. 

4413 

Fig.6.2. Connection of Type 4413 Vibration Programmer 

The Vibration Programmer Type 4413 is used here as an electronically 
switched series of level controls (see Fig.6.3). It uses the DC a: f output of 
the 1026 balanced against a DC value, set in by the CROSS OVER 
FREQUENCY control of the 4413. At balance (cross-over point) the 
channel selector switches to the next Level Potentiometer and the vibration 
level at the table changes accordingly. To cover large charges of specified 
level, attenuators have been fitted in series with the input attenuators of the 
vibration meters used. These allow up to 50 dB difference in level between 
the highest and the lowest levels selected. 

A specification such as that of Fig.6.1 (Displacement- Acceleration-
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Displacement- Acceleration) requires that channels 1 and 3 are commoned 
- and connected to the Displacement vibration meter. Channels 2 and 4 
would also be commoned and connected to the Acceleration vibration 
meter. 

For convenience in use this commoning is done inside the 4413 and it is 
supplied with channels 1 and 3, and channels 2 and 4 commoned. Imple
mentation would otherwise have required external junction boxes and extra 
cables. 

All switches of the 4413 are included in the interlock system of the 
1026. 

6.3.1. Interconnections 
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1. Remove the shorting links from the 1026 sockets 

METER AC 
COMP. AC 

EXT. FILTER 
REMOTE COMP. CONT. 

q)BNC 

Pin 1 to Pin 2 

Pin 1 to Pin 3 
Pin 1 to Pin 2 

266141 

BNC~ 
27M27 

Fig.6.4. Interconnection Cables (a) Standard AO 0058 (b) BNC-BNC 



2. All cables are standard AO 0058, Fig.6.4(a), except for the DC ex: f to 
CROSS OVER FREQUENCY which is a BNC-BNC cable (Fig.6.4(b)). 
Connect the cables as shown in the system wiring diagram (Fig.6.5). 
This diagram and the following Operation Instructions presuppose 
that the 4413 will be used as supplied. Combinations of channels can 
be connected using internal links between the rear panel sockets. Full 
linking instructions are given in the 4413 instruction manual. 

Exciter Control I I Vibration 
1026 I I Programmer 

I I 4413 
I (1) I 

[Meter AC ~ ? Level 
Camp. AC 1 and 3 

"Channel A I 0 I ... 

Ext. Filter ? ? Sens1t1v1ty 
1 and 3 

I G) I 

[Meter AC ? ? Level 
Camp. AC 2 and 4 

Channel B I (4) I 

Ext. Filter ? ? Sensitivity 
2 and 4 

I (5) I 
Remote ? ? Interlock 
Camp. Cont. 

I (6) I 

DC a f ~ 9 Cross Over 
Frequency 

I I 2 TIL(~ I, 

Fig.6.5. Interconnection of 1026 and 4413 

6.3.2. Operation 

1." Set up the Generator and Compressor sections of the 1026, as given 
in chapter 3, for the frequency sweep rates, limits, compressor 
speeds, etc. required by the test specification. 

2. Set 

SWEEP CONTROL 
SET UP CONTROL 
COMPRESSOR CONTROL 

"Manual" 
"Level" 
"RMS", "Track" or "Average" 

Both channels must be selected as required. 
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3. Set the output frequency of the 1026 to the first cross-over 
frequency. Adjust the CROSS-OVER frequency control of the 
4413 until the programmer is just switching into the next sub
range. This can be seen by one sub-range lamp going out and the 
next coming on at the cross-over point. 

4. Repeat step 3 at each of the cross-over frequencies required. If all 
three cross-over frequencies are not used ensure that the CROSS
OVER FREQUENCY control determining the unused cross-over 
point is set to its maximum clockwise end stop (highest possible 
cross-over frequency). 

5. Set the MANUAL FREQUENCY CONTROL for an output fre
quency in the middle of the highest vibration level sub-range 
controlled by channel A. 

6. Set the MODE switch to the required vibration mode. 

7. Set the required vibration level using the LEVEL switch of the 
1026 and the VIBRATION LEVEL potentiometers of the 4413. 
The level is shown on channel "A" meter (select the required meter 
rectifier function "R MS", "Track" or" Average"). 

8. Set the MANUAL FREQUENCY CONTROL to a mid-range fre
quency of the associated sub-range. Again set the required level, 
using the VIBRATION LEVEL potentiometer, but this time the 
attenuator associated with the sub-range is used to bring the set 
level within the range required. 

9. Select COMPRESSOR CONTROL "B". Set the MANUAL F RE
QUENCY CONTROL to a mid-range frequency of the highest level 
range of the two ranges controlled by channel B. Repeat steps 5-
8 for channel B. 

10. Finally, start at the lower lim it frequency and manually run 
through the whole test specification checking all levels and cross
over points. 

11. Set the 

SWEEP CONTROL 
START FREQUENCY 
SET UP CONTROL 

"Repeat" 
Lower limit of specification 
"Operate" 



12. Commence sweeping in the normal manner. The sub-range at any 
point in the sweep is indicated by the lamps of the 4413. 

As an example, to implement the specification of Fig.6.1, channel A 
would have to control sub-range 1 at 0.01" and sub-range 3 at 0.05". The 
control of sub-ranges 2 (5 g) and 4 ( 15 g) would be done by channel B. 

The cross-over frequencies are at 70, 120 and 210Hz. 

6.4. MULTIPLE CROSS-OVER SPECIFICATIONS (Three modes) 
(Combination 7 in Table 6.1). 

Some test specifications require control of all three vibration modes (D
V- A) and have more than one cross-over frequency. The combination of 
Fig.6.6 meets these requirements. 

Sensitivity 

To Power 
Amplifier 

4413 

~~~ 
.-. i'-ia •.•. ~:-·:~ 
i®i i ,., .:.~ ... 

'!j!\!.;t"! "! 
1026 

Fig.6.6. Connection of a programming system for constant displacement
velocity- acceleration (combination 7 of Table 6. 1) 

The two vibration meters of the 1026 are equipped with integrators and 
therefore can be used for constant Displacement and Velocity ranges. Any 
linear, calibrated external amplifier can be used to amplify the Acceleration 
signal output of the preamplifier used. 

The detail interconnection and operation instructions for this 
combination are given in the 4413 instruction manual. 
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7. REMOTE CONTROL 

7.1. "START", "STOP", "REVERSE" OF FREQUENCY SCAN 

Using the REMOTE SWEEP CONTROL rear panel socket, connect push
buttons (made when pressed) between 

a) To "Start" a sweep Pin 6 and Pin 4 

b) To "Stop" a sweep Pin 7 and Pin 4 

c) To "Reverse" a sweep remove the link between Pin 3 and Pin 4 and 
connect a push-button change-over switch: 

Change-over contact to Pin 4 
Normally-closed contact to Pin 2 
Normally-open contact to Pin 1. 

7.2. EXTERNAL VOLTAGE CONTROLLED SWEEP 

An external DC voltage can be used to remotely control the frequency 
sweep. The voltage range for full frequency deviation (1- 10.000 Hz) is 
0.75 V to 8.25 V. This gives a slope of 0.75 mV/Hz. The input impedance 
of the sweep circuitry is 50 kQ. 

Using the REMOTE SWEEP CONT. rear panel socket: 

Remove the shorting link between Pin 2 and Pin 5 
Connect the externally derived ramp voltage to Pin 2. 

7.3. PHASE CONTROL OF OUTPUT VOLTAGE 

To vary the phase of the generated signal a DC phase offset voltage 
variable between -0.4 V and -4.0 V should be connected at the rear panel 
socket REMOTE PHASE CONT. 
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Remove the shorting link between Pin 1 and Pin 2 
Connect the phase control voltage to Pin 2. 

The front panel PHASE control is made inoperative by the opening of 
the shorting link. The phase of the generated signal can be altered by greater 
than 360°. 

7.4. COMPRESSOR 

The compressor circuitry of the 1026 can be externally controlled by an 
AC signal, an unsmoothed DC signal or a smoothed DC signal. (Fig.7.1). 
Rectification and smoothing can be done in the 1026, the time constant of 
the smoothing is set by the compressor speeds as determined by the COMP. 
RATE and the MAX. COMP. SPEED controls. 

From Integrators, 
Amplifiers, etc. 

To Metering Circuitry 
Channel A 

Operate 

1 V RMS Level 
Set Up Signal 

Fig. 7. 1. External control of compressor 

7.4.1. External AC Compressor Control Signal 

Two sockets are available for connection of AC control signals: 

2TIIt16 

EXT. VIB. METER. A signal level of approx. 1 V RMS with a variation 
of 2 dB will give 80 dB of compression at the output socket (with the 
LEVEL potentiometer fully clockwise). 

Remove the shorting link between Pin 1 and Pin 2 
Connect the externally derived signal to Pin 2. 
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COMP. AC. METER AC. A signal level of approx. 100 mV RMS with a 
variation of 2 dB will give 80 dB of compression at the output socket (with 
the LEVEL potentiometer fully clockwise) . 

Remove the shorting link between Pin 1 and Pin 2 
Connect the externally derived signal at Pin 1. 

As can be seen from Fig.7.1 when using the socket COMP. AC, METER 
AC the LEVEL potentiometer and internal meters are out of circuit. This 
does however mean that the channel vibration meter is undisturbed and can 
be used for monitoring. The channel chosen by COMPRESSOR CONTROL 
as control channel will be interlock protected and if it is to be used only as a 
monitor channel (as described above) the interlock must be inhibited. (See 
REMOTE COMP. CONT.). 

With an external vibration meter connected (at the EXT. VIB. METER 
socket) the position "Level" of the SET UP CONTROL can be used to 
pre-set vibrator table levels if the gain through the external vibration meter 
used is such that the output voltage is 1 V RMS for full scale deflection of 
the external vibration meter (e.g. when the Vibration Meter Type 2502 is 
used, with an output of 10 V RMS for full scale deflection, a 10:1 
attenuator is provided at the COMP. AC, METER AC socket such that the 
voltage applied across the LEVEL potentiometer is 1 V RMS giving the 
requisite 100 mV RMS at Pin 2 when the LEVEL potentiometer is set for 
maximum drive signal). Any external vibration meter used must also be 
normalized to 10 mV /g to retain overall system calibration. 

7.4.2. External, Unsmoothed DC Compressor Control Signal 

An externally derived full wave rectified but unsmoothed compressor 
control signal can be used, connected at the rear panel CONT. SIG. 
SELECTOR socket. The smoothing will be controlled by the compressor 
speed settings of the 1026. 

Remove the shorting link between Pin 2 and Pin 5 
Connect the unsmoothed DC control signal to Pin 5. 

The full dynamic range of the compressor is available for an input signal 
of -1 V average. 

The SET UP CONTROL position "Level" cannot now be used to preset 
the table vibration levels. 
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7.4.3. External, Smoothed DC Compressor Control Signal 

The compressor control signal can be completely derived external to the 
1026 using a full wave rectifier and a suitable smoothing time constant in 
place of the internal compressor speed circuitry. In this case the compressor 
control signal should be connected to the rear panel socket REMOTE 
PHASE CONT. 

Remove the shorting link between Pin 6 and Pin 7 
Connect the control signal to Pin 7. 

The compressor characteristic relating the control voltage to the com
pression is shown in Fig.4.6. 

7.5. PROTECTION CIRCUITRY 

Using the rear panel socket REMOTE COMP. CONT. the 1026 can be: 

7.5.1. Remotely set to "Stand By" 

Remove the shorting link between Pin 1 and Pin 2. 
Replace by an externally controlled, normally-closed pair of relay, 
thermostat, switch etc. contacts. 
When the contacts are opened the 1026 will go into the "Stand By" 
mode, i.e. the output will be reduced to 80 dB below the. maximum 
level. 

7.5.2. Interlock Inhibited 

Connect a normally-open pair of externally controlled contacts 
between Pin 4 and Pin 1. 
When the contacts are closed the interlock circuitry is inhibited. 
Normally interlocked front panel controls can be moved and the 1026 
will not be put into the "Stand By" condition. 

7.5.3. SAFETY LIMITS Inhibited 

Each vibration channel can remotely and independently be switched 
to the SAFETY Ll M ITS. "Off" condition even though the front panel 
SAFETY LIMITS control is not at "Off". 
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For "Channel A", connect a normally-open pair of contacts between 
Pin 5 and Pin 6. 
For "Channel 8", connect a normally-open pair of contacts between 
Pin 3 and Pin 6. 
The SAFETY LIMITS circuitry will be inhibited for the relevant 
channel whenever the associated contacts are held closed. 



8. MASTER-SLAVE SYSTEM 

It is common practice today to use multiple shaker systems. The shakers 
are driven at the same frequency and with any desired phase relationship 
between them. If the test specimen is larger than a single shaker can drive, 
two or more shakers of the same force rating can be used, driven in phase 
and with a common fixture. Alternatively, more than one shaker will be 
needed to excite structures during mode study or multi-point suspension 
system testing. Shakers driving such a structure will be energized with a 
phase relationship between them that depends only on the structure excited 
and thus can lie anywhere in the 360° possible. 

As shown in the Description Chapter 4 the outputs from the Exciter 
Control are derived by heterodyning high frequencies and then using a 
compressor amplifier to control the output level. This means that the high 
frequency oscillators of any one 1026 can be used to produce an output 

~~ 
.~iii. ··- ;i~-•. •.• • 
ii®ii i • -·~ -j':-
'lt ___ i -~·" .• 
...... illlillilllilil ..... 

1026 

1 MHz 1.2-
1 MHz 

1026 
Interlocking 

2626 

2707 
Interlocking 

Fig.8.1. Connection for Master-Slave operation 
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Master 

Slave 1 

Slave 2 

Slave 3 

2TIU5 

Fig.B.2. Oscillator interconnection in Master-Slave operation 

signal ("slaved" in frequency) in other 1026s, if connected as shown in 
Figs.8.1 and 8.2. Each output is thus "ganged" electronically but since each 
compressor signal of Fig.8.2 is derived separately, the output level of each 
1026 is controlled independently of all the others. The front panel PHASE 
control can be used to adjust the phase relationship between the outputs. 
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8.1. INTERCONNECTIONS 

Designate one generator as MASTER and the remainder as SLAVES. 
Remove the wrap-round cover from each generator by sliding it rearwards 
after removing the four fixing screws. Take out boards Zl 0013 and 
Zl 0014. 

1. On each generator (MASTER and SLAVES) remove the resistors 
R 131 (ZI 0013) and R 465 (ZI 0014) (See Figs.8.3 and 8.4), and 
replace them by resistors of value ( 1 + n) 75 n (where n is the number 
of SLAVES used). This retains the impedance loading on the oscilla
tors at the correct level to ensure specified stability, etc. 

R 465 
Replace this resistor on 
MASTER and SLAVES 

Remove this 
link on all 
SLAVES 

17(372 

Fig.8.3. Circuit board Zl 0013 

R 131 
Replace this resistor on 
MASTER and SLAVES 

Remove this 
link on all 
SLAVES 

Fig.8.4. Circuit board Zl 0014 

2. On each SLAVE unscrew and remove the screw clamped shorting link 
on each of these boards. This disconnects the outputs from the 
SLAVE 1.2 MHz and 1.2- 1 MHz oscillators. 

3. On each SLAVE remove the shorting link between each pair of rear
panel sockets 1.2 MHz and 1.2- 1 MHz. 
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Replace all boards and covers 

4. Connect the 1.2 MHz outlet of the MASTER generator to the lower 
of the two 1.2 MHz outlets on each of the SLAVES. 

5. Connect the 1.2- 1 M Hz outlet of the MASTER generator to the 
lower of the two 1.2- 1 MHz outlets on each of the SLAVES. The 
cables used are coaxial BNC- BNC types. (Fig.6.4). 

6. Connect the remainder of the system as detailed in the Operation 
Chapter, but take the OUTPUT (LINEAR or HIGH PASS) from each 
1026 to the Power Amplifier via one potentiometer of a 4 garig 
potentiometer. 

Interlocking between the 1 026s used can be simply arranged but this 
requires some additional internal cabling. Information for this modification 
will be given on request to Bruel & Kjcer. 

Interlocking between the power amplifiers must be as given in the 
manufacturer's handbooks. If Bruel & Kjcer Power Amplifiers Type 2707 are 
used, interlocking is done as follows: 

Select one of the amplifiers as MASTER and designate the remainder as 
SLAVES. Using the rear panel ACCESSORY socket on each 2707 remove 
the shorting link between pins 4 and 5 on all the SLAVE amplifiers and, 
using external connectors and wiring, link pin 5 of each amplifier to pin 5 of 
every other amplifier. 

The FET gates at the input to each amplifier are now paralleled and the 
gates' "on" bias is supplied from the MASTER Amplifier. 

To reduce the effect of hum and pick-up take the following precautions: 

1. Keep all interconnection leads as short as possible. Whenever long 
cable runs are necessary they should be between the 1 026 output and 
the Power Amplifier input or between the Power Amplifier output 
and the Exciter Head. 

2. Isolate all generators. Connect a good earth point to each of the 1026 
rear panel CHASSIS points using the shortest possible length of thick 
cable. 

3. _Isolate the Power Amplifiers. If using 2707s this can be done using the 
rear panel SIGNAL REFERENCE control set to "Chassis". 
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8.2. SETTING UP AND OPERATION 

Set up the MASTER generator section, compressor section and vibration 
meters as given in the Chapter 3. 

Set up the SLAVES, compressor and vibration meter sections only. The 
frequency generated, sweep rate, sweep limits, etc. are now determined by 
the MASTER generator. 

Return all 1 026s to "Stand By" after setting up. 

Ensure that the 4 gang potentiometer is set for m inimurp output. Turn 
the gain of the Power Amplifiers to maximum using the Amplifier Gain 
controls. Put each 1 026 to "Operate" and allow the compression to be 
reduced to 0 dB. 

Slowly increase the output from the 4 gang potentiometer until the 
system is working at the pre-set levels. The normal sweep procedures can 
now be followed. 

An alternative way of turning' the 1026 outputs on simultaneously 
utilizes a remote "Stand By" to "Operate" switch. This function has not 
been brought out to the rear-panel sockets but details of the modification 
are available directly from Bruel & Kjrer. 

Using the front panel PHASE control adjust the relative phasing of the 
outputs as required. 

If during testing any Amplifier-Exciter pair trips, the input and DC 
centring signals will be gated off from all amplifiers, but the only failure 
lamps lit will be the relevant lamp on the amplifier that initiates the trip. 
Thus the offending pair can easily be recognized and corrective action taken 
before continuing the test. Only the tripped amplifier requires to be reset 
before the test can continue, but remember to reduce the 4 gang 
potentiometer for minimum output before resetting the amplifiers. Return 
the AMPLI Fl ER GAl N control to full and recommence testing by 
increasing the outputs from the 1 026s, using the 4 gang potentiometer. 

8.3. SHUT DOWN 

To terminate testing turn the 4 gang potentiometer for minimum output. 
Return the 1026s to "Stand By" and the 2707 to "Reset". Turn off all 
POWER switches. 
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9. ANALOGUE AND DIGITAL OUTPUTS 

9.1. ANALOGUE OUTPUTS 

As well as the basic rear panel outputs LINEAR and HIGH PASS three 
other analogue outputs are provided. 

9.1. 1. DC a: f 

A DC output directly proportional to the generated frequency increasing 
from 1 Volt at 1 Hz to 11 V at 10kHz. The socket is an isolated BNC type. 
The output can be loaded by a 10 kQ load. This output can be used to give 
a linear X scale when using an X- Y recorder. 

9.1.2. DC a: log f 

A DC output proportional to the logarithm of the generated frequency. 
The output (innermost pin) is 0 V at 1 Hz and -6 V at 10kHz, and can be 
loaded by a 10 kU load. The socket is a tri-axial Belling-Lee type, the centre 
output is a constant -6 Volts DC. The outer connection is for a screen. 

This output can be used to give a logarithmic X scale when using an X
Y recorder, or to drive the Paper Speed servo system of the LeveJ Recorder 
Type 2307 when using logarithmically calibrated paper. 

9.1.3. Constant Level Outputs 

Two isolated BNC output sockets each providing a 1 Volt RMS 
sinusoidal output at the same frequency as the generated signal. The outputs 
of the socket marked L goo is goo out of phase (± 2° to 5 kHz; ±5° to 
10kHz) with the output at the socket marked L 0°. Both sockets have a 
linear frequency response (± 2 dB), low distortion (< 5%) and a high signal 
to noise ratio (>50 dB), with a minimum load impedance of 10 kQ shunted 
by 1 nF. 

This output can be used to synchronize a stroboscope, and for spectral 
density measurements (Power and Cross Spectral Densities). 
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Other rear panel sockets give analogue outputs varying with frequency 
but these are mainly for use in Master Slave systems (see Master Slave 
Systems chapter 8) or as tuning signals to external slave filters. 

9.2. DIGITAL OUTPUTS 

Two outputs are available giving a digital coding of the indicated frequen
cy. 

9.2.1. Digital Coded Frequency Output 

This is a 26 pin socket givi'ng output voltage levels in a BCD code. Each 
decade of the FREQUENCY DISPLAY is separately represented (Fig.9.1). 

X 1 04 X 103 X 102 X 1 0 X 10° X 10- l 

..___.____I 3 __.___I s____.._l 7_...__1 4 ____ 1 ____,o I~~~~~~·, 

0 
010 

019 

011 

020 

Rear Panel 
Digital Output 
Socket 

X 10 

2TI~IT 

Fig.9.1. Connection of Digital Frequency Output socket 
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A Nines Complement 8421 weighted code is used. Thus each FREQUEN
CY DISPLAY digit (r) is represented by the BCD code of (9-r) at the 
DIGITAL OUTPUT SOCKET (Table 9.1). This could also be considered as a 
direct coding (in normal 8421 BCD) of Max. Available Frequency- Actual 
Generated Frequency (fmax- f99n). Fig.9.2 relates the socket to the code 
and gives an example of the output. It also shows the voltage levels related 
to Logic II 1 II and Logic 11011 with the tolerances expected. Each pin is the 
output of a digital integrated circuit the switching of which will be affected 
by capacitive loading (e.g. long cables). It is recommended that cable runs 
greater than 2 m should be suitably buffered between the 1026 and the 
cable run. 

r (9- r) 

A B c D A B c D 

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

8421 BCD Nines Complement 
8421 BCD 

Table 9. 1. Nines Complement BCD Code 

9.2.2. Bandwidth Control 

A seven pin Cannon socket (mating plug WK-A7-21C, B & K Part No. 
JP 0700) providing six outputs and a signal reference point. Each output is 
at Logic II 1 II below a certain generated frequency and at Logic 110" above 
that frequency (Table 9.2). Again TTL levels are used (as for DIGITAL 
OUTPUT socket). 

The output is primarily designed for use with the Heterodyne Slave Filter 
Type 2021 giving a possibility for automatic filter bandwidth switching at 
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3 6 7 3 5 

(a) 

Digital Output 
Socket Pin Nos. 

I III! III! III! IIII IIlf 
14 22 23 24 25 5 6 7 8 1 2 3 4 18 19 20 21 1 0 11 12 13 

Logic Levels 0110 1100 0100 0110 0010 

(b) 

5 

4 

3 
Volts 

2 

r-------r-1 5.0 v 

~ Log;ool "1" 

I 2.4 V 1-------- -
I 
I 
I 
I 

Fig.9.2. Coding of Digital Frequency Output socket 

271'-18 

10, 30, 100,300, 1000 and 3000Hz. A shorting link has to be changed on a 
printed circuit in the 2021 before using this mode. 

A further use, requiring an external interface, would be to activate the 
EVENT MARKER of a 2305 Level Recorder at each change over frequency. 
This would allow the use of non-calibrated paper while still retaining 
logarithmically spaced frequency marks. 

Bandwidth 
Control 
(Pin No.s) 
1 0 0 0 0 0 0 

Output 2 1 0 0 0 0 0 
Code 3 1 1 0 0 0 0 
in any 5 1 1 1 0 0 0 
frequency 6 1 1 1 1 0 0 
range 7 1 1 1 1 1 0 

10 100 1000 10000(Hz) 

Table 9.2. Output from BANDWIDTH CONTROL socket 
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10. APPENDIX 

The two high frequency oscillators are intercoupled in the frequency 
stabilizing feedback loop of the variable oscillator (Fig.4.2). The frequency 
discriminator (frequency to DC converter) used is such that the DC level at 
the output depends on the number of pulses generated in unit time. Here 
the pulse repetition period (T) is equal to the period of the applied trigger 
waveform. This is the difference between the two frequencies applied to the 
modulator. 

Thus 

T 
61 

(ff X 60 - f) 

where 
ft fixed oscillator frequency 
fv variable oscillator frequency 

and the output voltage (E) of the discriminator 

E 

E 

V0 X t 1 
T 

61 
V 0 X t 1 (ff X 

60 
-f) 

Thus the output frequency of the variable oscillator (f) is: 

E 61 
fv = V + ff X 60 ( 1) 

0 X t1 

The frequency appearing at the output (f0 ) is the difference frequency 
between the divided down fixed and variable frequencies. 

f - ff fv 
0 -26-20 

Using ( 1) in (2) 

f = E 
0 20 V0 X t1 
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By suitable choice of timing components 

Thus 

f = 4000 E __ ff _ 
0 3 X 1200 

The change in output frequency 
frequency (6. ff). 

A - !:J. ff 
ufo - 1200 

(3) 

(6. f 0 ) for a change in fixed oscillator 

Thus sophisticated frequency stabilization networks for the crystal 
oscillator are unnecessary. The specified stability of the fixed oscillator is 
± 20 p.p.m for a temperature range 0- 70°C. 

Equation (3) also shows the output frequency to DC sweep voltage 
relationship. 

f = ..!x 1 o3 X E - 1 kHz 
0 3 

The range of values of E for the full frequency sweep of 1 Hz to 10kHz is 
0.75 V to 8.25 V, giving a transfer characteristic of 0.75 mV /Hz. 
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11. SPECIFICATIONS 

11.1. GENERATOR SECTION 

Sine: 
Frequency Range 
Frequency Stability 

Max. Output Voltage 

Narrow Band Random: 
(centred on indicated frequency) 

Distribution 
Bandwidths (-3 dB) 

Accuracy 
Max. Output Voltage 

Distortion: 

Frequency Display: 

Operational Modes: 

Sweep Control: 

108 

1 Hz to 10.000 Hz (in one range) 
Short Term:± 0.1 Hz 
Long Term: ± 0.5 Hz 
3 V RMS. 

Rayleigh 
3.16 Hz, 10Hz 
31.6 Hz, 100Hz 
5% 
3 V RMS. 

Dependent on Compressor Speeds 
(Fig.4.8). 

Frequency counter with six digit Nixie 
read-out. Time base 0.5 sec. Accuracy 
±0.1 Hz. 
Analogue logarithmic frequency meter, 
range 1 Hz to 10kHz (0 to 13 oct.). 
Accuracy 5% of reading. 

Manual 
Automatic Linear 
Automatic Logarithmic 
External. 

Electronic single or repetitive with 
indicator lamps for sweep direction. 
Short-time stop of sweep at any fre
quency. Reverse of sweep at any fre
quency. Start, stop and reverse of sweep 
may be externally controlled. 



Sweep Limits: 

Sweep Rates: 
Linear 

Pre-settable upper and lower frequency 
limits by 10 turn potentiometers. Each 
limit is read out in turn on the Frequen
cy Display. Limits can be set anywhere 
in the full range. 
Accuracy ± 0.2 Hz or ± 0.5% (whichever 
is the greater). 

Four ranges each covering a 20 dB 
(x 1 0). Continuously adjustable by a 
calibrated 10 turn potentiometer. 

1 to 10Hz/min., 1 Hz to 200kHz 
10 to 100Hz/min., 1 Hz to 2000kHz 

100 to 1000 Hz/m in., 1 Hz to 10 kHz 
1000 to 10,000 Hz/min., 1 Hz to 10kHz 

SWEEP RATE control accuracy Position 0- 1 
Position 1 - 2 
Position 2 - 1 0 

Not calibrated 
2<>/o 
1% 

Logarithmic 

SWEEP RATE control accuracy 

SWEEP RATE control accuracy 

Two sets of three ranges, each covering 
a 20 dB (x 10). 

Continuously adjustable by a calibrated 
10 turn potentiometer. 

0.1 to 1 oct./min. 1 Hz to 2kHz 
5Hz to 10kHz 

Position 0 - 1 Not calibrated 
Position 1 - 2 20% 
Position 2 - 10 10% 

1 to 10 oct./min. 1Hz to 2kHz 
5Hz to 10kHz 

10 to 100 oct./min. 1Hz to 2kHz 
5Hz to 10kHz 

Position 0 - 1 Not calibrated 
Position 1 - 2 10% 
Position 2 - 1 0 5% 

109 



Outputs: 
1.2 MHz: 
1.2 to 1 MHz: 

100kHz: 

100 to 110kHz: 

60kHz: 

60 to 50 kHz: 

DC ex f: 
DC <X log f: 
Digital Output: 

Bandwidth Control : 

Constant Level Output L 0°: 

Constant Level Output L 90°: 

Linear Output: 
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Sine wave, 0.5 V peak-to-peak, 75 n. 
Sine wave, 0.5 V peak-to-peak, 75 n. 
These are used in Master Slave Opera
tion. 
Symmetrical square wave, 2.4 to 5 V 
peak-to-peak,load 5 kr! I I 150 pF. 
Sine wave, 1 V RMS, frequency re
sponse linear within ± 0.5 dB, load 
10 kr!. 
Sine wave, 3 V peak-to-peak, load 
10 kr!. 
Symmetrical square wave 2.4 to 5 V 
peak-to-peak, load 5 kr!/ /150 pF. 
1 to + 11 V accuracy 1%, load 10 kr!. 
0 to -6 V, accuracy 5%, load 10 kr!. 
Nines Complement, 8421 weighted, 
BCD Code. 
Six TTL outputs, logic 1 at lower and 
logic 0 at higher frequencies. Bandwidth 
shift at 10Hz, 30Hz, 100Hz, 300Hz. 
Sine wave, 1 Hz to 10kHz following the 
frequency of the Exciter Control 
(follows mid-band frequency in narrow 
band random mode). Constant ampli
tude 1 V RMS. Frequency response 
linear within ± 0.2 dB. Min. load imped
ance 10 kr!#1 n F. Distortion < 0.5%. 
S/N >so dB. 
Same specs as L 0°. Phase difference 
goo± 2° to 5kHz,± 5° to 10kHz. 

Sine or Narrow Band Random 
Variable amplitude 0- 3 V RMS with 
compressor and/or potentiometer con
trol. 
Min. Load Impedance 10 kr!# 3 nF. 
Distortion (without compressor) 
<0.02%. 
Signal to Noise Ratio >so dB. 
Phase Adjustment (front panel control) 
>360°. 



High Pass Output: As for Linear Output but via a RC high 
pass section ( 1 J.LF, 22 kQ). 

11.2. VIBRATION METER SECTION 

Two independent vibration meters, each with calibration on meter scales 
and switches in MKS and FPS units. 

Input Ranges: 

Acceleration 

Velocity 

Displacement 

Ace. Gradient 

Ext. Filter 

Accuracy: 

Acceleration } 
Velocity 
Displacement 

Ace. Gradient 

Indicating Meter Calibration: 

Sine 

1, 3, 10, 30 100, 300 and 1000 g. 1 Hz 
to 10.000 Hz. 

1, 3, 10, 30, 100,300 and 1000 in/sec 

0.01, 0.03 in; 10Hz to 2000Hz 
0.1, 0.3 in; 3.16 Hz to 1000Hz 
1, 3, 10 in; 1 Hz to 200Hz. 

0.01, 0.03, 0.1, 0.3, 1 and 3 g JSeC 
10Hz to 10.000 Hz. 

Linear, or -6 dB/octave weighted. 

0 to 10 dB of range 
± 0.2 dB of meter reading 
10 to 20 dB of range 
± 0.4 dB of meter reading 

0 to 10 dB of range 
± 0.4 dB of meter reading 
1 0 to 20 dB of range 
± 0.8 dB of meter reading. 

Acceleration 
Velocity 
Ace. Gradient 
Displacement 

Peak 
Peak 
Peak 
Peak to Peak 
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Narrow Band Random 

Input Sensitivity: 

Input Impedance: 

Meter Rectifier: 
(independent for each channel) 

Sine 

Narrow Band Random 

Effective Averaging Time: 
(common to both channels) 

Lamp Indication: 

11.3. COMPRESSOR SECTION 

Regulating Speeds: 

Dynamic Range: 

Distortion: 

Regulation Accuracy: 
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All Modes 

10 mV /g. 

>47 k.Q. 

Wide Band RMS 
Wide Band Average 

RMS 

6% Constant Percentage Bandwidth 
filtered Average (using internal Slave 
filter) 

Wide Band RMS 
Wide Band Average 
Constant Bandwidth Filtered Average 
(Bandwidth of internal Slave filter equal 
to bandwidth of noise chosen). 

0.3, 1, 3, 10 and 30 sec. 

Independent channel indication of over
load and compressor control. 

Compressor speed increases continuous
ly with oscillator frequency until max. 
compressor speed selected is reached. 
See also Fig.4.7. 

80dB. 

See Fig.4.8. 

RMS rectifier 20 dB to 0.25 dB 
10 dB to 0.5 dB 
60 dB to 0.75 dB 
80 dB to 1 dB 



Compression Meter: 

Compressor Rectifier: 

Average or Track 20 dB to 0.5 dB 
40 dB to 1.0 dB 
60 dB to 1.5 dB 
80 dB to 2.0 dB. 

Reading 0 to 80 dB compression. 

(independent for each control channel 
and of meter rectifier chosen) 

Sine 

Narrow Band Random 

Compressor Control: 

Safety Detectors: 

Lamp Indication: 

11.4. GENERAL 

Temperature Range: 

Warm-up Time: 

Wide Band R MS 
Wide Band Average 
6% Constant Percentage Bandwidth 
filtered Average (using internal Slave 
filter) 

Wide Band R MS 
Wide Band Average 
Constant Bandwidth Filtered Average 
(Bandwidth of internal slave filter equal 
to bandwidth of noise chosen). 

Manual choice of either vibration meter. 
Automatic choice of larger channel 
("Thump free" cross-over) 
External. 

All relevant sections interlocked. 
Safety limits (referenced to pre-set 
working level). Exceeding the lim its sets 
output voltage to zero. 
Safety Limits± 1, ± 3 and ± 6 dB. 

"Safety Control In" and "Stand By". 

5 min. 
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Power Supplies: 

Cabinet: 

Type A 

Type C 

Dimensions: 

Type A 

Type C 

Accessories Included: 

5 x JP 0700 
x VF 0013 

4 X VS 0015 
4 X VS 1273 
1 X AN 0005 
or 1 x AN 0006 
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100, 115, 127, 220 and 240 V AC 50 to 
60Hz. 
Consumption 100 W (approx.) 
Operates within specifications for± 10% 
Mains voltage deviation. 

Lightweight metal case 

Type A instrument supplied with 
fittings suitable for 19" rack mounting. 

Height: 31.1 em ( 12.2 in) 
Width: 43.0 em ( 16.8 in) 
Depth: 50.0 em ( 19.7 in) 
Weight: 30.9 kg (68 lb) 

Height: 31.1 em ( 12.2 in) 
Width: 55.0 em (21.6 in) 
Depth: 50.0 em ( 19.7 in) 
Weight: 31.2 kg (68.5 lb) 

7 pin Cannon plugs 
1 Amp/250 V Fuses 
Neon lamps 
Scale lamps 
Power Cable (European model) 
Power Cable (American model) 









BROEL & KJ.lER instruments cover the whole field of sound and vibration 
measurements. The main groups are: 

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

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

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

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

STRAIN MEASUREMENTS 
Strain Gauge Apparatus 
Multi-point Panels 
Automatic Selectors 

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

RECORDING 
Level Recorders 
Frequency Response Tracers 
Tape Recorders 

DIGITAL EQUIPMENT 
Digital Encoder 
Digital Clock 
Computers 
Tape Punchers 
Tape Readers 

IB AilE L & K'-'.E.R 
DK-2850 Nrerum, Denmark. Teleph.: (01) 80 05 00. Cable: BRUKJA, Copenhagen. Telex : 15316 
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