


New Standards of Performance New Standards of Ease-of-Use 
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Fig. 1. The Dual Channel Signal Analyzer Type 2032 

The Dual Channel Signal Analyzer Type 
2032 from BrOel & Kjeer sets new stan
dards of performance for 2-channel FFT 
analyzers. As a "new generation" analyz
er, the 2032 not only includes all of the 
traditional functions, but also enhances 
them, and adds significant new capabili
ties - 801-line frequency responses 
measured in 2 different ways with a 5 kHz 
real-time speed (10 kHz in single chan
nel) - extensive use of non-volatile 
memories for storage of user-defined 
setups - built-in Hilbert transforms for 
computation of the envelope of all time 
domain functions - direct connection, 
with built-in powering, for vibration and 
acoustical transducers - direct compu-

tation of sound intensity without requir
ing any user-programming - cepstrum 
analysis with user-defined editing -
connection to a state-of-the-art modal 
analysis system - fully annotated hard 
copy in less than 10 seconds via the 
Graphics Recorder 2313. 

Included as standard, (not options), are a 
digital zoom processor giving down to 
2 mHz resolution anywhere in the 0 to 
25,6 kHz frequency range, a "zooming" 
random or pseudo-random noise gener
ator which includes sine and impulse 
outputs, user-defined alphanumeric an
notation, and calibration of both the x 
and y axes in user-defined engineering 
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units. All results are shown on a 12/1 ras
ter scan display with extremely flexible 
and powerful cursors ... ... Yet the 2032 is 
so easy to use that you can learn all the 
basic functions in less than 15 minutes. 

The 2032 incorporates two bit-slice pro
cessor systems, a dedicated zoom pro
cessor with digital filters, and the latest 
memory technology to give this high lev
el of performance in a single, transport
able unit. And BrOel & Kjeer's tough envi
ronment testing - which includes 75 x g 
shocks - gives you confidence that you 
get reliable performance, both in the lat
oratory and out in the field. 



Fast, Friendly, Flexible 

Input 
Autorange 

• 

Svstem 

Reset 

,----- Control ---, 
Averaging 

Start Proceed Stop 

,-----Roco'd -----, 
Cont. 

Monual 
Trigger 

Single Stop 

r- Memory ---, 
Enabla Store 

Fig. 2. Some of the hard controls of the 2032 

The Friendly Analyzer 

Auto 
Scale 

Set Special 
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r-Save! 
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A unique combination of hard and soft controls causes the 2032 
to cross new frontiers in terms of ease-ot-use. This, coupled 
with the extensive use of memory to store measurement and 
display setups gives the 2032 a degree of user-friendliness 
never before seen in a 2-channel FFT analyzer. Frequently used 
controls are incorporated as hard controls, to allow instant 
access. Those less frequently used are incorporated as soft 
controls, quickly accessed via a field selector system, (Fig.3). 

Non-volatile memories store 10 user-defined measurement set
ups and 10 user-defined display setups for instant recall and 
use. Additionally, 10 factory-defined measurement setups and 
10 factory-defined display setups are held in read-only memo
ries for the further convenience of the user. All stored measure
ment and display setups can be listed on the 2032 display for 
ease of identification and selection. 

Fig.4. A listing of the available functions on the 2032, made directly on 
the display as an aid to selection and entry of the required 
function 

The Fast Analyzer 
From initial setup to fully documented results in less than 30 
seconds - this is perfectly possible with the 2032. Less than 10 
seconds are needed to recall the desired measurement and 
display setups, to auto range and lock the input attenuators, 
and to start the measurement. After an additional 10 seconds, 
the 2032 will have averaged (with maximum overlap) more than 
50 801-line spectra, and the display scales can be optimised 
using the autoscale control. The final stage is to dump the 
results to the BrOel & Kjcer Graphics Recorder Type 2313, which 
will give an exact copy of the 2032 display, including the alpha
numerics, in less than 10 seconds - a total elapsed time for 
the measurement of less than 30 seconds. 

Fig. 3. The 2032 field selector. The selected field is highlighted against 
the rest of the display 

The Flexible Analyzer 
The 2032 is designed for flexibility. It can - both during and 
after a measurement - measure and display up to 34 different 
functions, directly, without the need for user-programming. A 
listing of these functions on the 2032 display is shown in Fig.4. 
A minus sign indicates an illegal function for the chosen mea
surement mode. All functions, (where relevant, and including 
time domain functions, thanks to Hilbert transforms), can be 
shown as real part, imaginary part, magnitude, phase, Nyquist 
plot, and Nichols plot, with user-defined x and y axes. And 
since the 2032 has a fully instrumented input, transducers can 
be directly connected, avoiding the need for external amplifi�rs 
and the possible introduction of calibration errors. 



801-lines Resolution, Built-in Zoom, Sound Intensity 

Fig.S. An example of an B01-line frequency response measured on the 
2032, shown with the accompanying coherence function 

Built-in Zoom 
. The zoom processor of the 2032 is a standard item. It operates 

with the full 801-lines resolution of the 2032, with no loss in 
resolution. The all-digital processor gives > 75 dB dynamic 
range, (> 80 dB typical), to ensure preCise, spurious free re
sults. It has 15 different frequency spans selectable from 
1,56 Hz to 25,6 kHz to give down to 2 mHz resolution anywhere 
in the 0 to 25,6 kHz frequency range of the 2032. When a new 
zoom frequency span is selected, its width and position are 
highlighted on the previous or stored and recalled results. 

Fig.7. An example of a sound intensity spectrum on the 2032 

801-lines Resolution, Two Methods for Computing 
Frequency Response 
With 801-lines resolution, the 2032 gives twice the resolution of 
conventional 400-line analyzers, and more than three times the 
resolution of 250-line models. This, in combination with the 
5 kHz real-time frequency, becomes highly significant when the 
2032 is used to measure frequency responses of mechanical 
systems. It greatly speeds the identification and measurement 
of normal modes of vibration, and ensures that in applications 
such as modal analysis, analysis times are significantly re
duced. 

In addition to the traditional means of computing the frequency 
response, (H1 = GAS/GAA), the 2032 incorporates a second 
method, (H2 '= GBB/GBA). While the first method is best when the 
output noise is high, the second becomes superior when the 
input noise is high. Also, measurement of H2 tends to reduce 
the bias error at resonance peaks. 

Fig. 6. Selection of the zoom frequency span and centre frequency on 
the 2032. The position of the new span is highlighted on the old 
results 

Direct Measurement of Sound Intensity 
The 2032 is the first general-purpose 2-channel FFT analyzer to 
offer, as standard, the possibility of direct measurement of 
sound intensity, without the need for user-programming, the 
addition of options, or the use of an external computer. Con
nection of the BrOel & Kjrer Sound Intensity Probe Type 3519 
and selection of sound intensity on the 2032 display will present 
the sound intensity spectrum with the correct y-scaling. Cali
bration of the sound intensity mode allows for adjustments of 
microphone spacing, a selectable digital A-weighting, and even 
for changes in temperature and atmospheric pressure. Also, 
measurements using any combination of accelerometer and 
microphone are possible as in, for example, surface intensity 
measurements. 



2048-point Time Function, Hilbert Transform, Cepstrum 

2048-points Time Domain Resolution 
With 204B-points time domain resolution in each channel, the 
2032 can store twice as much time domain data for a given 
frequency span as a conventional 1 024-point FFT analyzer. This 
becomes especially significant in hammer testing, where sys
tem responses can be very long, particularly when there are 
lightly damped modes of vibration. By storing twice as much of 
these time domain responses, the 2032 can be used to identify 
more modes of vibration in a single test. 

Fig.B, (right), illustrates a typical hammer test with the transient 
input to the system. The 2032 transient and exponential win
dows, which have selectable position and width, are superim
posed. 

Fig. 9. The real part of the impulse response of a small loudspeaker and 

the log. magnitude, calculated via Hilbert transforms. Only the 
log. magnitude shows the many reflections of energy taking place 

Built-in Cepstrum and Inverse-cepstrum 
(Littered Spectrum) 
The cepstrum is a function used to identify periodicities in the 
frequency domain, such as harmonic series and sidebands. The 
2032 incorporates not only the cepstrum, but also editing of the 
cepstrum in the cepstrum domain, and transformation back to 
the frequency domain to give the littered spectrum. This ex
tends to uses of cepstrum to deconvolution of time domain 
effects in the original spectrum. Applications of cepstrum in
clude gearbox fault diagnosis, echo-removal, formant extrac
tion in speech analysis, and transmission path identification. 

Fig.B. Transient input to a system and the system response, displayed 
on the 2032. The selected transient and exponential windows are 
superimposed on the data 

Built-in Hilbert Transforms 
The 2032 is the first 2-channel FFT analyzer to incorporate 
automatic computation of Hilbert transforms, which enable the 
envelope of the time function to be measured. They make 
correlation functions much easier to interpret, and the magni
tude of the system impulse response> can be computed, a 
function which has proved to be highly significant in identifying 
reflected energy. Fig.9 shows the impulse response of a loud
speaker displayed as its real part and its log. magnitude. While 
the real part shows little, the log. magnitude shows the initial 
pulse coming from the loudspeaker cone itself, followed by a 
long series of internal and external reflections of acoustic energy . 

• Also known as the "energy-time curve" from Time Delay Spectrome
try applications 

Fig. 10. An example of a cepstrum on the 2032 
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Measurement Modes and Trigger, Data Averaging, 
and Post-processing on the 2032 

Fig. 11. The 2032 in zero-pad mode to measure a correlation function 

Data Averaging 
The 2032 can average data in the time domain (signal enhance
ment), the frequency domain, and the amplitude domain. In the 
time domain, it averages up to 32 767 records in either channel 
in exponential or linear averaging, on receipt of a synchronous 
trigger, enhancing those signals synchronous with the trigger, 
and reducing those signals which are asynchronous (Fig.12). In 
the frequency domain, the 2032 averages up to 32 767 spectra 
in exponential, linear, or, (single channel operation only), peak 
averaging, with selectable 0%, 50%, 75%, or maximum overlap. 

The 2032 employs stable averaging algorithms such that the 
displayed results are always correctly scaled, and a manual 
accept mode is included for visual inspection of data prior to its 
inclusion in an average. Any spectrum or record related to 
overloaded data will be automatically rejected from an average. 

Fig. 13. Some examples of the post processing available on the 2032 

Measurement Modes and Trigger on the 2032 
The 2032 has 6 different measurement modes. They are spec
trum averaging single and dual channel, spectrum averaging 
zero pad single and dual channel, (used to remove the effects 
of circular folding when measuring correlation functions or 
impulse response), signal enhancement dual channel, and 
probability density mode dual channel. It has a highly sophisti
cated trigger with a selectable trigger delay set in seconds (not 
samples), and an adjustable time offset between data collection 
in the two channels, also set in seconds. One of 4 different 
time-weighting functions can be independently selected for 
each channel, namely, flat, Hanning, transient, or exponential, 
the position and width of the latter two being user-definable. 

Fig. 12. Non-enhanced and enhanced spectra on the 2032. Enhance
ment considerably reduces the background noise 

Post-processing on the 2032 
The 2032 contains several post-processing modes. These in
clude an "equalize" mode, for compensating for differences in 
the frequency and phase response between the two input mea
suring chains, and a simplified "phase unwrapping" function 
where the measured phase response of a system can be cor
rected for system delays. Any function can be integrated or 
differentiated up to 2 times, and a flexible cursor allows cali
bration of the x-axis in user-defined engineering units. The 
bow-tie correction can be removed when measuring correlation 
functions, and any autospectrum, coherent or non-coherent 
output power spectrum, or sound intensity spectrum can be A
weighted across any frequency span. 

Any post-processing function or any combination of them may 
be performed both during and after a measurement. Also, the 
post-processing can be changed while the measurement is in 
progress. 



Read-out of Data from the Display 

The 2032 Cursor Functions 
The 2032 features extremely flexible and 
powerful cursor functions, used to obtain 
direct read-outs of data from the display. 
There are six of them, illustrated below. 

Fig. 14. The main cursor system of the 2032, 
here used to read magnitude and fre
quency 

The Main Cursor 
The main cursor is used to read the am
plitude of displayed data at a selected 
time or frequency. The main cursor read
out is always present on the 2032 dis
play, irrespective of what other special 
cursor functions might be used. 

Fig. 17. The delta cursor used on a spectrum 
to calculate the level across a band, 
and on a Nyquist plot to join the mea
surement points 

The Delta Cursor 
The Delta Cursor is for operation across 
a band of frequency, time, or amplitude, 
including the integration of the level 
across the band. It also is used to join 
the pOints of a Nyquist or Nichols plot, 
such that a continuous curve results 
within the selected frequency band. 

Where a two-trace "up-down" display is 
used, different cursor functions can be 
employed on each trace. Alternatively, 
the same cursor function can be em
ployed on each trace, with alignment and 

Fig. 15. The harmonic cursor of the 2032 

The Harmonic Cursor 
The harmonic cursor identifies members 
of a harmonic series. Once the funda
mental of the series has been located, 
higher order components are indicated 
as shown in Fig.1S. Should the funda
mental not lie at the exact centre of a 
line, the harmonic spacing can be "fine
tuned" to enable even the highest order 
components of the series to be identi
fied. 

Fig.1B. The mask cursor used in combination 
with the delta cursor to identify a reso
nance 

The Mask Cursor 
The mask cursor is used with Nyquist or 
Nichols plots. In certain respects, it is 
similar to the delta cursor, in that it joins 
together the points of the plot to give a 
continous curve within the selected band 
of frequencies. In addition, however, the 
mask cursor masks out all points outside 
the selected band. 

interlock possible between the two 
traces. The overall level can be integrat
ed across any trace, (where relevant), 
and displayed in terms of linear or loga
rithmic units, RMS, power, PSD, or ESD. 

Fig. 16. The sideband cursor of the 2032 

The Sideband Cursor 
The sideband cursor is similar to the har
monic cursor except that it is intended 
for use with families of sidebands. Simi
lar "fine-tuning" of the sideband spacing 
is available for identification of higher 
order sidebands. 

Fig. 19. Use of the reference cursor to make 
measurements referred to a fixed 

point in a spectrum or time function 

The Reference Cursor 
The reference cursor allows one point or 
line of a displayed trace to be defined as 
a reference. Read-outs, (both x and y) 
from all other lines or pOints are then 
referred to the current value of the refer
ence. 
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A Powerful Interface, Advanced Further Programming 

The 2032 is supplied with an IEC 625-
1/1EEE Std 488 interface as standard. 
The interface features a high degree of 
flexibility, and is easy to use, thanks to 
English-like commands. For example, 
CENTER_FREQUENCY is a legal com
mand, but it can also be abbreviated to 
CF or CENT_FREQ if desired. Hence in
terface bus programs can be made to be 
self-documenting and easy to under
stand. All front panel controls can be set 
and sensed over the interface, all data 
memory in the 2032 is accessible, (in ei
ther ASCII  or binary format), and a num
ber of additional functions, not provided 
from the front panel are available over 
the interface. Included is a Signal Pro
cessing Language with instructions such 

. as FFT, inverse FFT, variable Hanning, 
etc .. Gray tone graphics and alphanumer
ic text of various sizes and rotations can 
also be generated. 

10 

Manual interface bus transfers can be 
used with the Digital Cassette Recorder 
Type 7400 for storage of data, setups, 
graphics, and signal processing pro
gram. 

Modal Analysis Option 

Brliel & KjGer also supplies high perfor
mance modal analysis programs from 
Structural Measurement Systems, Inc . .  
These programs allow the user to com
pletely characterize the dynamics of a 
structure by identifying its modal param
eters, (frequency, damping, and mode 
shapes). Two levels of program are 
available: a lower cost version, and a 
state-of-the-art system. Both are de
signed to be easy-to-use, with a built-in 
HELP command, choices of various 
types of SDOF and MDOF (Single and 
Multiple Degree of Freedom) curve fil
ters, fully labelled and annotated plots, 
and animated displays. The basic modal 
package can be expanded with pro
grams for forced response and structur
al dynamics modifications. 

••• 
. - . .  
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Fig. 20. Use of the 2032 with a desk-top calculator and the 7400 

Fig.21. Example of a modal display 



Hard Copy of Data 

The Graphics Recorder Type 2313 
The Graphics Recorder Type 2313, 
(Fig.22, right) is a fast and convenient 
means of obtaining hard copy from the 
2032. The entire 2032 display graphics 
and alphanumeric text can be dumped to 
the 2313 in less than 10 seconds. In addi
tion, the 2313 can further process the 
results obtained from the 2032, the pro
gramming for this being implemented in 
firmware application packages in the 
2313. 

Other Hard Copy Possibilities 
Other hard copy possibilities include the 
X-V Recorder Type 2308 and a video 
plotter. In an X-V output, the 2032 draws 
its own axes, making calibrated paper 
unnecessary. 

Peripherals for the 2032 
Fig.23 shows just some of the range of 
other peripherals available for use with 
the 2032 from the BrOel & Kjcer range. 
The transducers include accelerometers, 
force transducers, impedance heads, mi
crophones, and hydrophones, all with 
their associated preamplifiers. Other 
peripherals include a 4-channel portable 
tape recorder, (the 7005), which is modu
lar in construction allowing any combina
tion of direct or FM channels to be used, 
and which features a dual capstan sys
tem to minimise tape skew making it ide
al for use with 2-channel FFT systems. 
There is a multiplexer, (the 2811), which 
can be used to multiplex multiple chan-

�. Is down to two channels. Finally, track-
;] adaptors are available for external 

control of the 2032 frequency span, such 
that it can, for instance, track the ma
chine speed during a machine run-up or 
run-down. 
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Fig. 22. The Graphics Recorder Type 2313 together with a specimen 
hard copy of a 2032 display made using it 

A Full Range of Peripherals 

Fig.23. Some of the peripherals available for the 2032 
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Condensed Specifications of the 2032 

(For full specifications, refer to the separate data sheet) 

FREQUENCY RANGE: 0 to 25,6 kHz 

RESOLUTION: 801 lines based on a 2048 point time 
function in both single and dual channel operation 

ZOOM: built-in with 15 selectable frequency spans 
from 1,56 Hz to 25,6 kHz 

REAL-TIME FREQUENCY: dual channel operation, 
> 5 kHz, single channel operation, > 10 kHz 

SAMPLING FREQUENCY: internal, 65,536kHz or 
external, 67 kHz max., 12-bit AI D conversion 

NUMBER OF INPUTS: 2 fully instrumented input 
channels, A and B, each equipped with a direct, an 
accelerometer line drive, and a microphone pream

plifier input 

CHANNEL MATCHING: maximum gain difference 
due to analog anti-aliasing filters, O,3dB; maximum 
phase difference, 3° up to 20 kHz, 5° up to 25,6 kHz 

INPUT VOLTAGE RANGE: minimum detectable sig
nal level 1 p.V, maximum peak input voltage, selec
table from 15 mV to 100 V in a 1,5 - 2 - 3 - 4 - 6 - 8 - 10 
sequence 

DYNAMIC RANGE: > 75 dB, (> 80 dB typical) 

LINEARITY: ± 0,1 dB or ± 0,01% of full scale, which
ever is greater 

INPUT AUTORANGE: autoranges the input attenua
tors to select the optimum setting. Can be manually 
overridden 

CALIBRATION: user-defined in engineering units, in 
volts, or in dB refered to a user-defined reference 

CALIBRATION ANNOTATION: in VIV, V/unit, V/Pa, 
V/m·s-

2
, V/m·s-', Vim, V/N, V/g, V/in·s-', V/mil, 

unitslV 

FUNCTIONS MEASURED: 
Instantaneous time function: ch. A or ch. B 
Instantaneous time function: ch. A vs. ch. B 
Enhanced time function: ch. A or ch. B 
Enhanced time function: ch. A vs. ch. B 
Probability density: ch. A, or ch. B 
Probability distribution: ch. A or ch. B 
Instantaneoulhfpectrum: ch. A or ch. B 
Enhanced spectrum: ch. A or ch. B 
Auto spectrum: ch. A or ch. B 
Cross spectrum 
Frequency response: H, or H2 
lIFrequency response: l/H, or l/H2 
Coherence 
Signal-to-noise ratio 
Coherent output power 

Non-coherent output power 
Auto correlation: ch. A or ch. B 
Cross correlation 
Impulse response 
Sound Intensity 
Cepstrum: ch. A or ch. B 
Littered spectrum: ch. A or ch. B 

MEASUREMENT MODES: 
Spectrum averaging: single and dual channel 
Spectrum averaging zero pad: single and dual 
channel 

Signal enhancement: dual channel 
Probability density mode: dual channel 

AVERAGING OF DATA: from 1 to 32 767 time, fre
quency, or amplitude ensembles can be averaged in 
linear or exponential averaging, or, (single channel 
only), peak averaging 

HILBERT TRANSFORM: built-in for calculating the 
envelopes of complex time domain functions such as 
correlation functions, impulse responses 

DISPLAY OF DATA: as real part, imaginary part, 
magnitude, phase, Nyquist plot, and Nichols plot, 
(where relevant), on a 12" raster scan display fully 
annotated with the measurement and display setups 

FURTHER ANNOTATION: two x two 50 character 
text lines for user-defined annotation 

DISPLAY OF SPECTRA: linear, RMS, power, PSD, 
ESD 

DISPLAY SCALES: 
Amplitude: lin. or log. 
Frequency: lin. or log. 
Time: lin. 

AUTOSCALE FUNCTION: automatically optimises 

display scales; can be manually overridden 

CURSOR FUNCTIONS: main, harmonic, sideband, 
delta, mask, and reference 

STORAGE OF MEASUREMENT SETUPS: up to 10 
user-defined measurement setups can be stored in 
non-volatile memory. Further 10 factory-defined 
measurement setups built-in 

STORAGE OF DISPLAY SETUPS: up to 10 user
defined display setups can be stored in non-volatile 
memory. Further 10 factory-defined display setups 
built-in 

STORAGE OF DATA: one complete measurement 
including the measurement setup can be held in 
memory 

POST - PROCESSING: equalize function, single and 
double integration and differentiation of results, flex
ible cursor for engineering units calibration of the x
axis, removal of bow-tie correction on correlation 
functions, power in band, total power, power in 
band I total power, A-weighting, phase delay com
pensation, liftering 

TRIGGER: 

Trigger Source: free-running, internal, external, 
manual, or noise 
Trigger Level: adjustable in 199 steps between plus 

. and minus full scale 
Trigger Slope': positive or negative 
Trigger Delay: adjustable in steps of 1 sample from 
minus one record to 9999 s 

OFFSET BETWEEN CHANNELS: adjustable in steps 
of 1 sample from 0 to 9999 s 

TIME WEIGHTING: flat, Hanning, transient, and ex
ponential, with user-definable position and width for 
transient and exponential 

SIGNAL GENERATOR: built-in signal generator with 
sine, impulse, random, and pseudo-random output. 
Random and pseudo-random output band-limited to 
zoom frequency span. Programmable sine output 
frequency 

SELF TEST: automatic self-test function built in 

INTERFACE: fulfils IEC 625-1, and when equiped 
with adaptor AO 0195, IEEE Std. 488 

HARD COPY: over interface to Graphics Recorder 
Type 2313, or to X-Y recorder or video plotter 

MASS STORAGE: via Digital Cassette Recorder 
Type 7400 

POWER: 100 - 127, 200 - 240V AC ± 10%, 50 to 
60 Hz ± 5%, power consumption approx. 400VA 

OPERATING TEMPERATURE: 5° to 40°C (41°F to 
104°F) 

STORAGE TEMPERATURE: -25°C to + 70°C (-13°F 
to +158°F) 

DIMENSIONS AND WEIGHT: ("A" cabinet without 
feet) 
Height: 310,4 mm (12,2in) 
Width: 430 mm (16,9in) 
Depth: 500 mm (19,7 in) 
Weight: 35 kg (nibs) 

BRUEL & KdAER CANADA LTD. 
MONTREAL: 
Main Office 
90 Leacock Road, 
Pointe Claire, Quebec H9R 1 Hl 
Tel: (514) 695-8225 
Telex: 05821691 b + k pclr 

OTTAWA: 
Merivale Bldg., 
7 Slack Road, Unit 4. 
Ottawa, Ontario K2G OB7 
Tel: (613) 225-7648 

TORONTO: 
Suite 71 d, 
71 Bramales Road, 
Bramalea, Ontario L6T 2W9 
Tel: (416) 791-1642 
Telex: 06-97501 

LONDON: 
23 Chalet Crescent, 
London, Ont., 
N6K 3 C 5 
Tel: (519) 473-3561 

VANCOUVER: 
5520 Minoru Boulevard, room 202, 

Richmond, BC V6X 2 A9 

Tel: (604) 278-4257 
Telex: 04-357517 

Printed in Denmark by Nrerum Offset l-0350015-2A 
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