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INSTRUCTION MANUAL







To ensure that you get the most from your new FFT analyzer, we
recommend that you read and follow the instructions in this document

carefully.

Before this analyzer was shipped from the factory, it was subjected to a
severe series of inspections to verify that it operates properly. When
unpacking the instrument, verify that no damage has occurred during
transit and, after reading this document thoroughly, check the operation of
the analyzer. Should damage have occurred or the unit not operate

according to specifications, contact your nearest representative



Your new CF-350 is the export version, with certain normally

optional items already built into the analyzer, these options

being the following.

CF-0350

CF-0351

CF-0352

CF-0353

CF-0354

CF-0355

CF-0380

Plotter Interface Software
Frequency Zoom Software
Octave Analysis Software
3-Dimensional Display Software
Servo Analysis Software

Curve Fitting Software

Floppy Disk & Signal Generator Interface

Remember that these options are already provided in your

analyzer, even though this instruction manual refers to all of the

above as options. (Refer to Section 1.9 for details on options.)
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INTRODUCTION TO THE CF-350

CF-350 Specifications
Input Section

No. of input channels

Absolute maximum input

Input configuration
Input impedance

Input capacitance

Input coupling

Voltage ranges

Maximum allowed
input voltage

Input level monitor

Internally generated
test signals

External trigger input

External sampling input

(Items marked * are options) -

2

100 VAC rms for 1 minute (50 Hz)
Single ended

1MQ +1%

Between signal and ground:
Approx. 110 pF (1kHz)
(accessory cable: approx. 190 pF, 1 kHz)

DC and AC (0.5 Hz, —3 dB +4%)
(AC only for £1 mV to 5 mV ranges)

+1mV,+2mV, x5 mV

+10mV, £20mV, £50 mV

+100 mV, £200 mV, 500 mV
+1vV+2V, 5V

+10V, £20V, 50V

and autoranging, for a total of 16 ranges

100 VAC rms for 1 minute (50 Hz)

Red OVER LED

Sinewave:0 to 0.7 V (Ch A and Ch B same phase)

Frequency is linked to the frequency range at
ranges of 200 Hz and above (fundamental is 1/25 of
the analysis frequency range).

In the 100 Hz and lower ranges, the frequency is
fixed at the 200-Hz frequency (i.e., fundamental of 8
Hz).

Absolute maximum input: 100 VAC rms for 1

minute (50 Hz)
Input impedance: 100 kQ +2%
Maximum sensitivity: 0.5Vp,p
Frequency response: 200 kHz or greater
Absolute maximum input: 100 VAC rms for 1

minute (50 Hz)
Fan-in: 1TTL load

Sampling on
transition edge from
low to high

Input specifications:

Maximum input frequercy: 102.4 kHz

1-1



113

Trigger Section
Trigger functions
Trigger view function
Trigger source

Trigger point

Trigger level

Trigger slope
Analysis Section

Frequency ranges

Free-run, repeated, single and one-shot triggering

Display of an external trigger signal

Internal (Ch A or Ch B) and external trigger signal

Pre-triggering and post-triggering

Pre-triggering:  Settable from — 65,536 points
before the trigger, in 1-point

steps.

Post-triggering: Settable to — 65,536 points after
the trigger, in 1-point steps.

Settable with a resolution equal to +1/128 of the
full-scale voltage range (minimum: —95.5%,
maximum: + 95.3%)

External trigger full scale: +5V

(+) and (-) (rising edge and falling edge)

1,2,5, 10,20, 50, 100, 200, 500 Hz,1,2,5, 10,
20, and 40 kHz

1-2



Data Capture Times and Frequency Resolution (Af) for the Each Frequency Range

800 Lines (2048 points) 400 Lines (1024 points)
F l‘::l‘::z"c)' Data length (t)| Resolution (At) [Data length (t)| Resolution (Af)
r
40kHz 20ms 50Hz 10ms 100Hz
20kHz 40ms 25Hz 20ms 50Hz
10kHz 80ms 12. BHz 40ms 25Hz
SkHz 160ms 6. 25Hz 80ms 12. 5Hz
2kHz 0.4s 2. 5Hz 0. 2s SHz
1kHz 0. 8s 1. 25Hz 0.4s 2. bHz
500Hz 1.86s 0. 625Hz 0. 8s 1. 25Hz
200Hz ds 0. 25Hz 2s 0. 5Hz
100Hz 8s 0. 125Hz 4s 0. 25Hz
50H:z 16s | 62. 5mHz 8s | 0. 1256Hz
20H:z 40s 25mHz 20s 50mHz
10Hz 80s | 12. 5mHz 40s 25mHz
SHz 160s |6. 25mHz 80s | 12. SmHz
2Hz 400s 2. 5mHz 200s S5mHz
1Hz 800s|1. 256mHz 400s 2. 5mHz
Sampling speed 2.56 times the analysis range or governed by an
external sampling clock
Frequency accuracy +0.01% of full scale

No. of sampled points,
frequency resolution and

no. of spectral lines See table.
No. of sampled 1024-point 2048-point
points mode mode
Frequency 1/400 1/800
resolution
No. of spectral 400 800
lines

(The above does not apply to the servo mode.)

1-3



Anti-aliasing filter

A/D converter

Real-time analysis range

Overlap processing

Window functions

Delay function

Octave analysis*

Digital zoom*

Search enhance function

Averaging modes

No. of averages

Spectral density

4-Decade analysis*

Linked to the frequency range (digital filter at 100
Hz and lower ranges)

80-dB or greater attenuation at 1.56 times the
frequency range full-scale frequency.

16 bits

2 kHz (for 1-ch power spectrum display, normal
FFT)

1 kHz (for other modes, normal FFT)
Sampling overlap is settable.
Setting values: 0%, 50% and max.

Rectangular, Hanning, flattop, force, exponential
and user-defined windows

A delay can be introduced in the Ch B window with
respect to Ch A before sampling (up to 65,536 points
in 1-point steps).

1/3 octave analysis: 30 bands (conform to ANSI
Class III specifications)

1/1 octave analysis: 10 bands

A weighting can be applied when performing octave
analysis.

Real-time zoom and record zoom from 2 to 64 times
(binary steps)

High-precision reading of amplitude and frequency
using a Hanning window.
X axis: Frequency precision improved 32 fold
Y axis: +0.1 dB precision

Time domain: Summation averaging,
exponential averaging,
absolute-value averaging

Amplitude domain: Summation averaging

Frequency domain: Summation averaging,
exponential averaging, peak
hold, differential averaging,
Fourier averaging, sweep
averaging

1 to 8,192, set in binary steps

1 to 32,767 set as any value

Power spectrum density
Energy spectrum density

1117-line, 4-decade analysis
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Autoranging analysis*

Usable for 400-line and 4-decade analysis

High-precision FFT function High-precision mode: 32-bit FF'T

Normal mode:

16-bit FFT

1.1.4  Analog Characteristics Setting Values
Dynamic range See table.
Noise Floor and Spurious Components
Range 1 to 200 Hz 200 Hz to 10 kHz 20 and 40 kHz
50V
20V
10V
5V
2V —80dB min. with —78dB min. with —76 dB min. with
1V respect to fs respect to fs respect to fs
500 mV
200 mV
100 mV
50 mV
20 mV —76 dB min. with —73dB min. with —70dB min. with
respect to fs respect to fs respect to fs
10 mV — 72 dB min. with ~68dB min. with —64dB min. with
respect to fs respect to fs respect to fs
5mV —68dB min. with —63dB min. with —58dB min. with
respect to fs respect to fs respect to fs
2mV —60dB min. with —55dB min. with —50dB min. with
respect to fs respect to fs respect to fs
1mV —55dB min. with —50dB min. with —45dB min. with
respect to fs respect to fs respect to fs

(Above applied for 16 averages, Hanniﬁg window, 50% or less overlap in the high-
precision mode.)

Harmonic distortion
Aliasing
Amplitude flatness

Channel-to-channel
amplitude matching

Channel-to-channel
phase matching

—174 dB with respect to full scale

-75dB

+0.3dB

+0.3dB

+ 3 deg (phase adjustment OFF, in the same

sensitivity range)

+ 0.5 deg (phase adjustment ON, in the same

sensitivity range)




Display Functions
Display type

Displayed data

Display modes

7-inch raster-scan CRT

Time domain:
Time-axis waveform, auto-correlation function,
cross correlation function, impulse response,
orbit (lissajous pattern)

Frequency domain:
Power spectrum, linear spectrum, phase
spectrum, Fourier spectrum (real and
imaginary), cross spectrum (gain, phase, real and
imaginary), transfer function (gain, phase, real,
and imaginary), Nyquist plot (Fourier spectrum,
cross spectrum and transfer funetion), Cole-Cole
plot, Nichols plot, Coherence function, S/N ratio,
group delay, coherent output power, 1/3-octave
analysis*, 1/1-octave analysis*, A weighting
(narrowband and octave analysis)

Amplitude domain
Amplitude probability density function,
amplitude probability distribution function

Other data
Cepstrum, list data, time-axis envelope, mass
memory stored data, floppy disk stored data

Single-frame display mode
Any 1 frame displayed, including data from
memory

Dual-frame display mode
Any 2 frames displayed, including data from
memory (but not including Nyquist plots and
lissajous displays)

Overlaid display mode
Overlaid display of any two frames of data of the
same domain (but not including Nyquist plots
and lissajous displays)

3-Dimensional display mode*
20-line mode
® 20 lines of any data (except for Nyquist
plots and lissajous displays) plotted in 3
dimensions
® Specification of 3-dimensional display
angle and amplitude (3 values)
® Scrolled display and specification of
scrolling direction (up or down)
60- and 90-line modes
® 60- or 90-line 3-dimensional display of
the power spectrum

Nyquist plot mode
Nyquist display of Fourier spectrum, cross
spectrum and transfer function
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Character display

Search functions

Nichols plot mode
Nichols plot of transfer function

Cole-Cole plot mode
Cole-Cole plot of transfer function

Orbit display mode
Orbit plot of the waveforms input at Ch A and B.
Display for any selected range is possible, as well
as a perspective display with the vertical axis
representing frequency.

Perspective display mode
Perspective display of Nyquist plot and orbit
pattern.
The displayed region can be limited.

List display mode

® Listing of harmonics up to the 20th order
with any spectrum component selected as the
fundamental frequency, along with the
harmonic distortion (up to 10th order only for
dual-frame display).

¢ Listing of up to 20 specified points (up to 10th
order only for dual-frame display). For a
dual-frame display, the waveform is
displayed at the bottom and the listing at the
top of the screen.

® Listing of band numbers and spectral values
for octave analysis.

® Listing of the largest 10spectral values
(power spectrum only).

® Search enhance function and fitting
functions can be combined.

Display inhibit mode
The screen display is held to shorten the
calculation time.

Coherence blanking
Partial overall value display

Input attenuator range for each input channel,
input coupling for each channel,

Frequency range, averaging mode, number of set
averages, number of executed averages, trigger
level, trigger point, trigger source, trigger slope,
window type, displayed data type, full-scale X and
Y values, label, date (year, month & day), time, soft
key functions.

Display of X and Y values for search point.

The search point can be jogged 1 point or 13 points
at a time to any desired position on the display.
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Maximum value With the search function OFF, the maximum value
display function and corresponding frequencies (X-axis values) are
displayed.
For time-axis waveforms, the maximum and
minimum values in the single-frame mode are

displayed.

Horizontal-axis units Hz, CPM (cycles per minute), ORD (order), V, s, and
EXT (when an external clock is used)

Vertical-axis units V, Vrms, V2, V2rms, dBV, dBVrms, EU, dBEU, dB,
%, deg, s

For spectrum, PSD and ESD are possible.

Horizontal-axis scaling Linear and logarithmic (baseband frequency axis)
For linear scaling, expanded display is possible
along the f, t and amplitude axes, over a specified
region.

Vertical-axis scaling Linear and logarithmic
Linear: 1/10, 1/5, 1/2. X1, X2, X5, X10, X20.
X 50, X100, X200, X500, X 1000 and
X 2000 "
Log: 20, 30, 40, 50, 60, 70, 80, 90, 100, 120,
140, 160, 180 and 200 dB
A reference level can be set.

Phase display 410 to +20 000° full scale
(For unwrapped display, it is possible to display
only negative or positive values.)

Grid display Switchable ON and OFF

Label display Two lines of up to 55 characters each, including
alphanumeric characters and symbols can be
displayed.

The uppermost line can be stored.

Calculation functions Arithmetic functions
Addition, subtraction, multiplication and
division (and combinations of these operations)
are possible between data of the same domain.
Equalization of a transfer function
Reciprocal (1/H)
Open-closed loop transformations
Differentiation and integration
First and second order differentiation/
single and double integration
Differentiated/integrated display:
Time-axis waveform
Inverse Fourier transform
Time-axis envelope calculation
Hilbert transform
Time envelope and its logarithmic display
S/N calculation using coherence function
Phase compensation using delay time
Curve fitting*
Group delay calculation
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1.1.6  Memory Functions
Data memory capacity RAM mass memory: 512 Kbytes
3.5-inch micro-floppy disk*: 300 frames
CMOS memory*: 1 Mbyte
Mass memory Time record storage in one of four mode:
255 Kwords (1 ch) 1data
127 Kwords (2 ch) 1data
31 Kwords (1 ch) 8data
31 Kwords (2ch) 4data
CMOS memory* (when installed)
768 Kwords (1 ch) 1data
384 Kwords (2ch) 1data
255 Kwords (1 ch) 3data
127 Kwords (2 ch) 3 data
31 Kwords (1 ch) 24 data
31 Kwords (2ch) 12data
Time Record Memory Time Lengths
768k (lch) 384k (2ch) 2656k (lch) 127k (2ch) 31k (2ch)
40kHz 7.68s 3.81s 2.55s 1.27s 0.31s
20kHz 15.36s 7.68s 5.10s 2.54s 0.62s
10kHz 30.72s 15.36s 10.20s 5.08s 1.24s
SkHz 61.44s (ImOls) 30.72s 20.40s 10.16s 2.48s
2kHz 153.6s (2m33s) 76.8s (lml16s) 51s 25.4s 6.2s
1kHz 307.2s (5m07s) 153.6s (2m33s) 102s (1m42s) 50.8s 12.4s
500Hz 614.4s (10m14s) | 307.2s (5w07s) 204s (3m24s) 101.6s  (1m4ls) 24.8s
200Hz 1,536s (25m36s) 768s (12m48s) 510s (6m30s) 254s (4mlds) 62s (1m02s)
100Kz 3,072s (51m12s) | 1,536s (25m36s) 1,020s (1m) 508s (8m28s) 124s (2m04s)
50Hz 6,144s (1ha2m) | 3,072s (51m12s) 2,040s (34m) 1,016s (16m56s) 248s (4m08s)
200z | 15,360s (4hi6m) | 7,680s (2n08m) | 5,100 (1h25w) | 2,540s  (42m20s) 620s  (10m20s)
104z | 30,720s (8h32m) | 15,360s (4hi6m) | 10,200s (2h50m) 5,080s (1h24m) 1,240s (20m40s)
SHz | 61.440s (17h04m) | 30,720s (8h32m) | 20,400s (5h40m) | 10,160s (2h49m) 2,480s (41m20s)
20z | 153,600s  (42h40m) | 76,800s  (21h20m) | 51,000s  (14h10m) | 25,400s (7Tho3m) |  6,200s  (1h43m20s)
1Hz | 307,200s (85h20m) | 153,600s (42h40m) | 102,000s (28h20m) | 50,800s (14h06m) | 12,400s (3h26m10s)

(All values above have been rounded to whole numbers.)
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Floppy disk*

Panel condition memory

Autosequence memory

Autorecall function

Operating Functions

Autosequence function

Signal sequence*

Misoperation display

Timer function

CRT Block memory
Storage capacity for 60 frames
(540 frames of storage when CMOS memory* is
installed)

Permanent storage for mass memory data

Data stored onto floppy disk can be loaded into

mass memory for playback.

Storage capacity: 300 frames/disk

Storage of panel condition memory contents,

autosequence programs and signal sequence

programs is also possible.

Disk type: 3.5-in. double-sided, double-density
micro-floppy disk

No. of drives: 1

When CMOS memory* is installed, it can be used as

a second drive.

Panel condition settings can be stored (four sets of
conditions) in battery backed up (5 years min.)
memory.

Autosequence programs and signal sequence
programs can be stored.

When power is switched ON, the contents of
location 1 of the panel condition memory are
automatically loaded and set.

Manual operating procedures are programmed for
automatic execution of analysis.

Auto mode: Continuous automatic
analysis
Stepped mode: Stepped operation by means

of repeated pauses and starts
Two 63-step programs (One
can be used as a subroutine.)

Memory capacity:

When the analyzer is used in combination with the
cptional signal output or the SG-450, it is possible
to sequentially switch the output signal for each
specified frequency range when determining the
transfer function.

When a misoperation is sensed, a long beeper
sounds as a warning, as a message indicating the
type of error or the corrective action required
appears on the display.

Clock and scheduler functions

Time display: Date, hour and minute
are displayed.
Scheduler function:  Analysis is performed at

an interval set in the
range 1 to 9999 s.
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1.1.8

Output Section

Data bus

Plotter output*

Video signal output

X-Y recorder output*

Signal output*

GPIB interface (conforms to IEEE-488 1978

standards)

Output for HP-GL type plotters or Graphtec
plotters (Personal mode) (HP-GL is the HP plotter

command set.)

Output modes:

Hardcopy, annotationless,

frameless and dataless output or
specification of output of only
annotation, data or frame.

Autoplotting from mass memory or disk

3-Dimensional plotting (130 lines) of data from disk

Plotter tracing

Arbitrary setting of plotting size and position (P;-
P mode and numerical setting mode)

Hardcopy of the display screen using a VP-035

Plotting of waveform only is possible.
Tracking analysis is possible using the search point

analog output.

Output waveforms:

Sine, impulse, swept sine, periodic random,
random, tone burst (pip), arbitrary waveform
(A pink filter can be applied to the above

signals.)

Time-axis waveform display analog output:
Analog output of the waveform displayed on the

CRT screen

Time record analog output:
Analog output of 4 or 8 Kwords of data from the

time record memory

Sync pulse signal for above signals (except for

random signals):
Output level:

Output characteristics
Frequency range:
Maximum output:
Setting resolution:
Impedance:

Output connector type:

Output modes
Continue:
Single:

Burst:

TTL

0.0001 Hz to 40 kHz
5 Vg.p (open circuit)
1 mVy,

Approx. 50 Q

BNC

Continuous output

One cycle of the selected
waveform (except for
random signals)

Set number of cycles of
the selected waveform
output every set time
interval
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1.1.10

Waveform characteristics

(1) Sine
Harmonic distortion:
—T70dB or lower at below 1 kHz
—58dB or lower at 1 kHz to 10 kHz
—53dB or lower at 10 kHz to 40 kHz
(at an amplitude of 1 V_p)
Accuracy:
40kHz =f>2 kHz:
+12.5 mHz + 50 ppm
2kHz =f>200 Hz:
+5mHz +50 ppm
200 Hz =f>20 Hz:
+8 mHz £ 50 ppm
20Hz =f>2 Hz:
+3.5mHz 50 ppm
2Hz =f: +650 pHz 50 ppm

(2) Impulse
Flatness: +2dB
Crest factor: 30 max.

(3) Swept sine
Flatness: +4dB, —-9dB
Crest factor: 2 max.

(4) Periodic random
Flatness: +1dB
Crest factor: 4 max.

(5) Random
Flatness: +2dB (with 512 averages)
Other interfaces SG-450 interface*
General Specifications
Power requirements 90 to 264 Vac, 47 to 440 Hz (see note)
Power consumption Approx. 100 VA
Operating temperature range 0 to +40°C (+5 to +35°C when using the floppy
disk drive)

Humidity range 20 to 80%
Storage temperature range —10to +60°C
Outer dimensions 315 (W) X 199 (H) X 450 (D) mm
Weight Approx. 13 kg

Note: The CF-350 is supplied with a 2-A line fuse. When powering the
analyzer from a 180 to 264 V line, this must be changed to a EAWK 1-A
fuse. Refer to Section 1.4 for further information on the power line.

Accessories
Power cord (AX-302)

BNC-alligator clip cables (2) 1.12
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13 CF-350 Signal Flow

@ @ ©)
SIGIN —4 AMP FILTER 7 AD DSP(FFT)

) ©®

MEMORY CPU DISPLAY

CF-350 Block Diagram

) The input signal is either AC or DC coupled and applied to a high-impedance
(1 MQ) input circuit. One side of both the Ch A and Ch B signals is grounded
in common. For this reason, input signals having grounds with potential
differences should be avoided.

@ The signals are amplified or attenuated, according to the setting of the front
panel voltage range.

S To reduce errors caused by the wraparound phenomenon (aliasing) that can
occur when A/D conversion is performed, the input signals are passed
through a lowpass filter.

VOLTAGE 172 s fs

A
// \ A/D SAMPLING CLOCK
Y

0 40k 51.2k  62.4k 102.4kHz
Hy Fo v (40kx156) (40kx256) FREQ.
(10kx1.28)

In the case of the 40-kHz range, the signal would exhibit wraparound a
center frequency of 51.2 kHz (40 kHz X 2.56 /2). With the filter off, a 100-
kHz signal would, therefore, be A/D converted as a 2400-Hz signal. (Signal
components above 62.4 kHz would be wrapped around and appear on the
CRT at “false” or alias positions.

VOLTAGE P
} |

-<—WRAP-AROUND

48.8kHz\ ’ 48.8kHz

> FREQ.
2400Hz 51.2kHz 100kHz
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The CF-350 uses an 8th order filter to reduce aliasing error by attenuating
signals greater than 1.56 times the analysis frequency range by at least 80
dB.

@ After passing through the filter, the signals are sampled and held and then
A/D converted by a 16-bit successive approximation type A/D converter.

® The A/D converted data is temporarily stored in memory. The memory
always contains the latest captured data (without regard to the START or
PAUSE conditions). The trigger condition and channel-to-channel delay
and other settings control the transfer of CPU data into the storage memory.

® CPU Time data is sent to a DSP (digital signal processor), at which it
undergoes a fast Fourier transform. This processor performs such processing
tasks as window application, FFT, IFFT and calculations such as the power
and cross spectrum. The FFT calculation is normally performed with a
fixed-point precision of 16 bits. However, a soft key selection of 32-bit
precision can be made as well. The DSP also serves as a digital filter. In the
40 kHz to 200 Hz ranges, the cutoff frequency of an analog lowpass filter is
switched. However, in the 100-Hz range and below, the filtering is
performed by the DSP. The A/D converted data is input to the DSP, passed
through the filter, resampled and finally sent to the memory.

AD DSP (FFT)

SIGNAL FLOW AT
BELOW 100 Hz

S \

MEMORY CPU

For frequency zooming, the DSP performs processing tasks related to
frequency shifting, digital filtering and resampling.

—>t !/ DATA AFTER A/D APPROX. 2 ms
o—6 S © © © o o o & 512-kHz SAMPLING CLOCK
L | B B | U | ' v '
FILTERING O (o] (o] O (@] O (@] (@] (@] (] (o]
' ' ' v '
SampLE O o o) o o) 0

L——’l 256-kHz SAMPLING CLOCK

APPROX. 4 ms (100-Hz RANGE)

As shown above, data sampled at 512 kHz is filtered and sent to memory (1
time out of 2). This data is then the time data for the 100-Hz range. Below
100 Hz, combinations of 1/5 and 1/2 resampling are applied.

When data sampled by a 512-Hz clock and filtered with a cutoff frequency of
200 Hz are resampled by a sampling clock of 256 Hz and then FFT processed,
signal components in the 156 to 256 Hz range are wrapped around. Digital
filtering is used to prevent this wraparound.
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\x

1/2 15 (1/2 OF RESAMPLING

ANALOG FILTER
CLOCK) ,/

v

4 Il

14

\ T T
100Hz 156Hz 200Hz 256Hz f
128Hz
66Hz

190Hz

When digital filtering is not applied, the shaded section is wrapped around

@ After processing by the DSP, data is transferred to the CPU memory and
displayed on the CRT.

AC Line Power

The CF-350 line voltage must be kept within

specified limits. The line voltage is indicated on the LLAE_YOLTASE lruse
rear panel. If the power is applied when the CF-350 so-132v | 24
is connected to a line of the incorrect voltage, damage 180264y | 1A

can result to the instrument. Always take extreme
care to avoid this danger.

WARNING !!

Although the CF-350 can be powered from an AC line in the
voltage range 100 to 240 V by merely changing the fuse rating, the
ratings of the power cord limit operation to the line voltage range
of 100to 125 V.

To power the unit from a line voltage greater than 125 V, it is
necessary to change the plug and power cord. If this becomes
necessary, consult your sales representative.
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1.5 Grounding
° When the signal source ground and the cabinet are connected as shown in
Fig. 1-1, a ground loop will be formed, causing susptibility to noise. For this

reason, the signal source ground should be isolated from the cabinet as
shown in Fig. 1-2.

SIGNAL SOURCE CF-350
BAD { >
? 1 %

VAN

%\\\"

\%\
N
\

Fig. 1-1
SIGNAL SOURCE CF-350
GOOD @ W—0)- )(L x__>
O O—9

OPEN

Fig. 1-2
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CF-350 Grounding Method

The cabinet of the CF-350 should be grounded, either at the ground terminal on the
rear panel, or at the ground pin of the power plug. A three-pin power plug is
provided on the power cord, the round center pin being the ground pin. When
inserted into a 3-pin power outlet, the center pin is grounded. When using an
adaptor on this plug to adapt it for 2-pin outlets, ground the terminal that
protrudes from the side of the adaptor.

KPR-14 ADAPTOR

GROUND THISPIN POWERPLUG
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Data when the signal source is not grounded

200Hz A: AC/ 4V B:AC/ 50V S.SUM 16/16 DUAL 1k

0 ™ r —
1

r 1

r POWER LINE FREQUENCY COMPONENT 1

uy f T

MAG

av |
10a8/ }

-100 L " " N " " i n " ___J

PWR SP A han LIN 200

X:  50.00Hz Y: -68.5BdBV

Data with an improper ground

200Hz A:AC/ 4V B:AC/ 50V S.SUM  16/16 DUAL ik

0 e e R e —
r r
|

1

- CF-350’s CRT VERTICAL SYNC FREQUENCY

dBv ]

3 4

10a8/ L k’w ]

-100 — "
0

PWR SP A han LIN 200Hz
X 55.50Hz Y: -B2.26a8v

Data with a proper ground

200Hz A:AC/ 1V B:AC/ S0V S.SUM  16/16 DUAL ik

I
ro ‘I
! |
Foi
i ' }
MeQ T 1
MAG
d4Bv 1
j
i
1008/ 1
1
-100 N — - " A " " . J
0 PNR SP A han LIN 200Hz
X 50.00Hz Y: -88.50a8YV
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1.6

BAD

SIGNAL

S

Measurement Precautions

Potential Difference Existing Between Channels A and B (—)

[T
(E3) [ [[cr-3s0_rorranit ouai cmammtt ¢r1 smarvrce | (2 (] '@
é" el o
.a.
e
5
%.
i | s s s e e s e
Ejujuisiuininin
CHANNEL A o
8 =
L oD mcrae = =
]

CHANNEL B ACCESSORY CABLE

In the CF-350 input, the (—) sides of the two input channels are connected in
common. Therefore, measurement connection method shown above cannot
be used. That is, measurement is not possible if there is a potential
difference between the (—) of channels A and B.

RI

CF-350
SHORTS INSIDE THE ANALYZER

f

| —

77

CF-350 Input Circuit

74 ek 77 7777 7777777, ST 77777777/
AC/DC SWITCH
CHA f cs BUFFER
-— ?N\C [ Fuse l“’/o-—
: . o0 it + Ach
% 7 » _ AMP, ATT
7 :
> . > > J7
% g o gos gy g L
R2 g
7 S S S
Bch
_ cie P AC/DC SWITCH BUFFER
BNC L o—
o I
—O0 -0 — |- ¥ + Bch
T 7 | _ AMP, ATT
Z 3
N\ AP0y

® Thick lines shown current flow direction.

In such cases, care is required as the protective input fuse might blow.
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1.7

Connections to Peripheral Devices

@®  Potentials Developing Between Cabinets

L.

ITEMS INSIDE DOTTED LINE

/ ARE PART OF LINE FILTER.

o

: FUSE SWITCHING POWER
m
I SUPPLY

oo

N

—ECQ—%%

N A\
Ny
777
S
4 CABINET
Fig. 1-3 CF-350 Power Supply Input Circuit
The CF-350 power supply has a line filter to eliminate noise and, as shown
by the thick arrows in Fig. 1-6, a minute current flows in this filter, although
not enough current to cause bodily harm. When using a 2-pin power cord,
connections to other devices should be made as shown below.
As shown in Fig. 1-7, with the
GROUNDED peripheral device grounded and the
'/ CF-350 left floating,a potential of
b approximately 50 V will develop bet-
L| PERIPHERAL ween the cabinets.
i N DEVICE
) Expressing this as an equivalent
_ circuit, the current flows through the
] LC circuit of the filter and into a
R 3 |APPROX. 50V resistance, across which the potential
] develops.
e i
L] CF-
AC 350 loov
100V N
!

> . «——NOTGROUNDED

Fig. 1-4
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In the configuration shown in
Fig. 1-7, grounding the equipment
will result in damage to internal
circuitry.



Therefore, when grounding peripheral devices, connect the ground before
inserting the power cord into the power outlet, then insert the plug and set
the POWER switch to ON.

1.8 Floppy Disk Precautions

Do not move the analyzer or transport it with a disk remaining in the disk drive, as
this can cause damage to the head and disk.

HEAD
/ The head will jump when
DIsK subjected to strong vibra-

tion or shock.
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Cleaning

Cleaning the CRT Filter and Screen
Wet a soft cloth with methyl alcohol and use it to wipe the surface of filter.
Cleaning Panel Surfaces of Dirt and Dust

Polish panel surfaces with silicone-treated cloth. If the panel surface is
extremely dirty, wipe with a soft cloth wetted with methyl alcohol, taking
care not to apply too much alcohol.

Cleaning the Cooling Fan Filter

(1) Remove the filter frame and remove dust from the metallic mesh and
filter using a stiff brush. Remount by pushing in the frame, taking
care to observe the proper attitude of the filter element.

(2) Remove the four screws from the protective cover, remove the finger
guards and remove the air filter. Remove dust from the metallic mesh
and filter using a stiff brush.

(3) Cleaning with a stiff brush will cause dust to be raised, even if there is
not much dust in the filter. Choose the location for this cleaning task
carefully.

When cleaning the CF-350, always be sure to shut the power OFF first.

Check with a screwdriver that no screws on the outside of the analyzer have
been loosened.

Because the CF-350 uses high-speed processing circuits, they generate some
heat. While the cooling fan used has sufficient capacity to cool the unit, if
the fan filter at the rear panel becomes clogged, cooling will not be sufficient,
leading not only to a reduced lifetime for the analyzer, but to possible
failures as well. Care should always be taken to make sure that the fan
filter does not become clogged. Clean it periodically. Also, ensure that the
air outlets are not blocked, as this will have the same effect.
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1.10 Options

There are 6 software options (named in the format CF-035X) and 5 hardware
options (named in the format CF-038X) for the CF-350.

Ot Version
10n oy
Model pilo Description
Name
A C| Vv
CF-0350 | Plotter Interface | Interface for GPIB plotters using the o o o o
Software HP-GL command sets.
CF-0351 | Frequency Zoom | Real-time zooming: 2 to 64 times [ BN BN
Software Record zooming: 2 to 64 times
CF-0352 | Octave Analysis | 1/3-Octave analysis, 30/15 bands ® & o o
Software 1/1-Octave analysis, 10/5 bands
CF-0353 | 3-Dimensional | 20-line display of waveforms withscroll | ® | @® | @ | @
Display function (switchable up/down).
Software 60/90-linepower spectrum display.
Provided with search function (%
display)
CF-0354 | Servo Analysis | 4-decade analysis, autoranging o 0 o
Software analysis, signal sequencing
CF-0355 | Curve Fitting MDOF (multiple degree of freedom) [ BN J
Software curve fitting, list display of resonant
frequencies and dampling factors.
CF-0380 | Floppy Disk & | Interface to connect to double-sided, o & o o
Signal double-density disk drive and SG-450
Generator Signal Source (using AX-401).
Interface Card
CF-0381 | CMOS Memory | 1 Mbyte of RAM, battery backup, RAM [
Card disk/CRT block memory expansion/time

record memory expansion.

CF-0382 | Tracking & X-Y | Division and multiplication of
Output Card rotational sync signal, rpm tracking
analysis on the CRT, X-Y recorder
output, search point analog output.

CF-0383 | Signal Output | Sine, sine sweep, random, periodic o o
Card random, swept sine and impulse signal
output.
CF-0384 | Comparator Spectrum comparator function and
Output Card comparator output.

@ Indicates the option is provided as standard for that particular version

Marking of Versions

The version (A, B, C or V) is marked on a seal affixed to the rear panel.
Version V is the export version of the CF-350.
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Option List

An option list can be displayed on the CF-350’s CRT screen as a check of what
options the analyzer includes. Options included are indicated as ON and those not
included are indicated as OFF.

<Procedure >
<<<MENU B>>>
DISPLAY UNIT TIMER SEQUENC | PLOTTER COND NEXT
VIEW LABEL RETURN
ON RETURN
JPTION LIST
CF0380 DISK ON
CF0381 CMOS OFF
CF0382 TRACK OFF
CF0383 SIGOUT OFF
CF0384 COMP OFF
CF0350 PLOT I/F ON
CF0351 ZOOM OFF
CF0352 OCTAVE ON
CF0353 3D ARRAY ON
CF0354 SERVO OFF
CF0355 FIT OFF
Operation of Options

Optional functions are operated the same way as standardly provided functions by
using front-panel switches and soft keys.

Adding Options

Up to 3 types of options CF-0381 thru CF-0384 can be fitted into the analyzer
simultaneously. For details on adding options, contact your sales representative.
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2. GENERAL DESCRIPTION

2.1 Panel Descriptions
PANEL SWITCHES
J
L () [[cF-350 PORTABLE DUAL CHANNEL FFT ANALYZER | ® ,5 — 5 |
B S cunsor ON 80N vioe [l rer/gain L~
@ @ A!@“ 'E cg oE
TALK E l@ 'D 6@ n
© G IR &
M LISTEN SPEC CORR  TiME MAG SECOND RECALL
H
. L
7.INCH 0.0.0 1 0.6 .0 je=aly
o RASTER-SCAN "E‘j ”d [ﬁ [j‘ E°] ® [;j
AY CRT ———W_—— ' ' :nnness )
’n’(’s‘(‘v‘ 1D zD :D /D DD ’@ @
goo|oo|g gl
—“ QIQLQIQ[QIQIQ[@ \ [rme J |l [Frea ] " [Cewe ]
D
POVER I

B - s }

e ] e ——
L — 1™
ONO SOKKI = .

\__#__} B/ K

SOFT KEYS 3.5-INCH MICRO-FLOPPY
DISK DRIVE (OPTION)

&::‘r T

Front-panel switches can be divided into panels switches and soft keys.

° Panel Switches
o Each switch corresponds to one function.
L] When displaying a label, the panel switches are used to write the

alphanumeric characters and symbols that are marked to the lower
left of each switch. The group of switches with the numerals 0 thru 9
will be referred to as the numeric keys.

° Soft Keys

] These keys are used for more complex settings of data capture
conditions and analysis and can kave more than one function,
depending upon the display just above the keys at the bottom of the
CRT screen.

2-1



PANEL SWITCH DESCRIPTIONS

POWER

POWER switch

INTENSITY ADJUSTMENT

&) CRT Intensity adjustment
C Channel A Input Group
@} Signal input connector
:C AC/DC coupling switch
0 A/Doverload display LED
Y Input voltage range setting switches
[
D Channel B Input Group

Signal input connector

AC/DC coupling switch

A/D overload display LED

Input voltage range setting switches

Frequency Range Setting Group

Frequency range setting switches

Trigger Group

Trigger execution switch

Trigger execution display LED

Display Function Group

Channel A group

Spectrum display switch

Autocorrelation function display switch

Time-axis waveform display switch

«s Channel B group

.] Spectrum display switch

.| Autocorrelation function display switch

Time-axis waveform display switch

] Cross spectrum display switch
b Cross correlation function display switch
.[] Impulse response display switch
] Transfer function display switch

] Coherence function display switch
Coherent output power display switch
— Amplitude display switch

. Phase display switch

REAL

.0 Real-part display switch

— Imaginary-part display switch

+

SECOND

E Dual-frame mode display switch
E} Polar coordinate display switch

 Listdisplay switch

ARRAY

O 3-Dimensional display switch

MEMORY

et Memory recall switch

3

2] CRT block memory address-specification
ADDRESS

— Switches

N

Store switch

R

COMMAND Group

AVG . . .
— Averaging execution switch
] gmng

START

Start switch

PAUSE

B Pause switch



I Y-Axis Adjustment Group

REF/GAIN

o[5] Y-axisreference/gain selection switch

8 Y-axis reference/gain magnification
[Z] setting switches

J SEARCH Group

Y-axis Log-Lin display selection switch

i

x
=
o
-3

X-axis Log-Lin display selection switch

[@

3
3
z

Delta function execution switch

[3
@
m
-

Delta cursor setting switch

O

o
z

Search function execution switch

’La.]

m
<

EU (engineering units) setting switch

CURSOR

. Search cursor movement keys.

K Group

LABEL

Label display function switch

PLOTTER

2] Plot execution switch

AUTO SEQ

,[E] Autosequence execution switch

L GPIB Group

LOCAL

Local switch
‘o Talk status LED

“3"’ Listen status LED

ELL}

o Service request display LED

M Group

SYSTEM
RESET

O System reset switch
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Rear Panel Layout

Version V
COOLING FAN
® ® ®
| - VERSION LABEL
® ® ®
v
GPIB INTERFACE
EXTERNAL
EXTERNAL GROUND
TRIGGER TERMINAL
INPUT SAMPLING CLOCK scaso
CONNECTOR INPUT CONNECTOR INTERFACE
COMPOSITE
VIDEO SIGNAL
OUTPUT CONNECTOR
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Powering ON the CF-350

Be sure that the line voltage supplied to the CF-350 matches the voltage marked on
the rear panel (refer to Section 1.4).

LINE VOLTAGE
(a7~aaonz) |FUSE

90~132v 2A

180~264Y 1A

Press the POWER switch to apply power to the analyzer.

After power is applied, initialization will be performed and, after 2 to 3 seconds
have elapsed, the CRT will appear as shown below.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER AVERAGE
40kHz A:AC/ 50V B:AC/ 50V INST 0/16 DUAL 1k SP  SUM

50 ' ' " ' ¥ i " ' ' MASS MEM
BL: !
R: 0

REAL WINDOW
V1 _ HANNING
X

OVERLAP
‘MAX
. . " \ . . . Ch DELAY
TIME B LIN 10mSEC +00000
X: .89863mSEC .0639 Vv

-50

I

. . . . . . TRIGGER
50 ! ) ! ChA
SLOPE: +
LEVEL :
0.0%
REAL POSITION
% -00128
x 1 | UNIT
) X:Hz
Y:PK
! s s 1 -+ t COH BLNK
TIME A LIN 10mSEC OFF
X: 5.0684mSEC Y: .076 Vv

-50

4

° Whenever the SYSTEM RESET reset switch is pressed, the same
initialization is performed and the display appears as shown above. When a
system reset is performed, however, the immediately previous analysis
results and the contents of mass memory are all lost.

L When autorecall is in effect, the analysis conditions that were previously set

at location 1 of the panel condition memory are loaded and automatically
set.

If the Display is Blank

If nothing appears on the CRT display, adjust

the INTENSITY knob at the lower right of ot ()
the CRT to the right to increase the intensity

of the CRT screen.

2-6



23 Display Description

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER AVERAGE —®@
4.0k Hz %:Ag/ 50V %z AC/ SOV INST 0/16 DUAL 1k SP SUM
0] @ _lg ® @ ®

50 T ' ' T T T T MASS MEM
®BL: 1@
L - R: 0—®

REAL WINDOW
v HANNING

Cx

OVERLAP
MAX
) ) . ) Ch DELAY
TIME B LIN 10mSEC +00000
X: .9863mSEC .069 V

-50 s

I

TRIGGER
ChA
SLOPE: +
LEVEL:®
0.0%
REAL POSITION
\ -00128
x 1 | UNIT
) X:Hz
Y:PK
-50 1 1 L 1 . + + 1 L COH BLNK
TIME A LIN 10mSEC OFF
X: 5.0684mSEC .076 V

Highlighted Display Items

50

=<

During normal operation, characters on the CRT will sometimes be highlighted.

When the characters @ through © in the figure above appear highlighted, they
have the meanings shown in the table below.

C:E:::;er Item Meaning
@® | 40 kHz Frequency range External sampling ON
@ | AC Coupling DC cancel ON
@ | INST i Calculation precision High-precision mode
@ | 16 N N Number of ave;;lges - 77i)15play inhibit ON o
® | DUAL 1K Data length o Record memory playback in
progress
® | BL St(‘)»re - Executing
@ |1 W CRT memory block Storage completed
0 s Re;c;rﬂcirnr\;mory acidr;ass Storage completed
© | 01/018715:38 Day/month/year Hour:minute | Time interval ON
@ | AVERAGE B Analysxs s;)urce Disk data analysis mode
i) | A, B Polari‘vty Polarity reversed
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24 Using the Soft Keys

As an introduction to soft key operation, perform the following soft key sequence.

<<< MENU A >>>

1 2 3 4 5 6 7 8
AVERIG | MODE FUNC1 | FUNC2 | MASMEM | DISK NEXT &4 ---- Major items
2 3 4 5 G 7 8
SLOPE | LEVEL | SELECT RETURN &5 =--- Sub-items
1 2 3 4 5 6 7 8
CH B EXT VIEW A | VIEW B RETUEN :— ---- Function-selectio

keys

The highlighted box CH A (indicated by shading), shows that the trigger source is
set to Channel A.

Now press soft key 2. Note that the CH B key is highlighted, indicating that the
trigger source has been selected as Channel B.

The thing to remember in reading through this manual is that the software keys
that are shaded are the ones that are set (activated). Additionally, the keys to
press are indicated by a small hand symbol under the key.

b

Selected (activated) Key to be pressed



Press soft key 8. Note that the soft key menu returns to one level back, i.e., to the
subitem level.

Now press soft key 8 again. Note that a return is made to yet one level back--to the
major item level.

If you press the soft key 8 once again, you will note that you switch from MENU A
to MENU B.

The overall sequence and structure are shown below.

By pressing soft key 8, the soft key level changes as shown here.

R

Major items<— Major items < Major items<

Sub-items & Sub-items & Sub-items <,

ny ! !
Function-selection__| Function-selection— Function-selection._
keys keys keys

— MENU A — = —MENU B | = — MENU C-—(-—-)

Soft Key Recall Function

When the LOCAL panel switch is pressed, it is possible recall up to 9 function-
selection level soft key operations that have been made.

The recall sequence is exactly the reverse of the setting sequence. Note, however,
that this function is not operative when GPIB is operating.
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2.5

Warning Beeper and Error Messages
Press the MEMORY RECALL switch.

1.

2.

This message indicates that an attempt was made to recall from memory when no

The long beeper will sound. This is a warning beeper.

The error message “NO STORE” will appear in the lower right part of the

CRT.

Operating Precautions and Conventions

data had been stored in mass memory.

In this manner, the CF-350 warns the operator of misoperation by means of a
beeper and an error message. (When proper key operations are made, however, a

normal short beeper will sound and no message will appear.)

*

The beeper can be inhibited. The soft key sequence for this is as follows.

<<< MENU B >>>

Note:

The GPIB can be used to inhibit the short beeper only.
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DISPLAY UNIT VIEW TIMER SEQUENC | PLOTTER NEXT
b
POL.CHG | SEARCH HI PREC! TI ONLY | PH.adj RETURN
AUTO ON TEST ON | FILT ON| CLK INT| DC CANC | A/D OVR | RETURN
BUZ ON |--—-- Beeper OFF Beeper ON




2.6

2.6.1

2.6.2

Data-Processing Condition Settings
Initialized Conditions

Immediately after applying power to the CF-350, the analyzer goes into what is
called the initialized state. Since the CF-350 is designed to perform a wide range of
complex analysis functions, there are a large number of settings which must be
made properly. In the initialized state, it is set up in a most generally usable
manner.

When the SYSTEM RESET switch is pressed, the CF-350 goes into the initialized
state without having to be powered down and then up once again. This can be done
when many settings have been changed and it is necessary to return most of this to
the original settings and whenever the actual settings made are not known to
bring the analyzer back to some known condition.

Note that when the SYSTEM RESET switch is pressed, the contents of the panel
condition memory, autosequence memory and signal sequence memory, part of the
plotting parameters and the date and time will not be changed.

Signal Input

Since the CF-350 is a dual-channel FFT
analyzer, it has two signal input
channels, which are accessed at two . I |
connectors located at the lower right of
the front panel. The left channel is

Channel A and the right channel is o
Channel B. These channels can be acsog
cons1derfzd to be identical. When v z
performing measurement of such |

functions as transfer function or ] 2N

coherence, the input to the system must
be applied to Channel A and the output
from the system connected to Channel B.
In the initialized state, the trigger and
other functions are set with respect to \
Channel A. For this reason, when using

only one channel, it is best to adopt the

convention of using Channel A.

B




26.3

26.4

Input Voltage Range Setting

The up and down switches located to the right of each of the input connectors are
used to set the input voltage range. Pressing the up switch increases the sensitivity,
thereby reducing the full-scale voltage down to a minimum of 1 mV. Similarly, the
down switch reduces the sensitivity, thereby increasing the full-scale voltage up to
50V.

If the input voltage exceeds the input voltage range setting, the input signal will
become distorted, preventing faithful analysis of the true input signal. If this
occurs, the OVER warning LED will light. When this happens, press the down
(sensitivity) switch for the offending channel to increase the full-scale voltage
range.

On the other hand, if the input signal is exceedingly low in level when compared
with the input voltage range, measurement accuracy will be greatly reduced.
Therefore, the best practice is to increase the sensitivity as much as possible
without having the OVER indicator light. The following procedure can be used to
determine the proper input voltage range.

®  Input the signal to be analyzed.

¥
@ Press the up sensitivity switch until the OVER LED lights.

]

@ When the OVER LED lights, press the down sensitivity switch while
observing the OVER LED for some time and stop pressing until the LED
does not light any more.

e

The AC/DC switch located above each of the input connectors is used to select
either AC or DC coupling on the input signal. When the input signal is DC
coupled, the signal is fed to the analysis section as is. If there is a large DC
component superimposed on the input signal, when compared with the varying
component, however, this setting will result in reduced analysis accuracy. In such
cases, selecting AC coupling will cut out components from DC to a extremely low
frequency, resulting in improved accuracy over the normal frequency range, with
only slight sacrifice in accuracy near the DC end of the frequency scale. In the
initialized state, both channels are AC coupled.

Frequency Range Setting

The FREQ up and down switches located at the bottom part of the front panel are
used to set the upper analysis frequency limit (frequency range). Pressing the up
and down switches increase and decrease the range, respectively. Each time the up
switch is pressed, the CF-350 up ranges, this continuing to a maximum frequency
range of 40 kHz. Similarly, the down switch can be pressed to successively reduce
the range to the minimum range of 1 Hz.

If a high frequency range is selected, the frequency resolution is reduced. The

range should, therefore, be selected as slightly higher than the frequency band to
be analyzed.
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2.6.5

Test Signal Input

The CF-350 includes a signal-generation circuit that generates a signal used to
check analyzer operation. The following describes its basic use. First, press the
SYSTEM RESET switch at the left edge of the front panel to place the CF-350 in
the initialized state.

To activate the analyzers signal-generation circuit the soft keys located just below
the CRT display are used. The meanings (functions) of the eight keys are displayed
in abbreviated form at the bottom of the CRT just above the corresponding soft key.

<<<MENU A>>>

TRIG AVERAGE MODE FUNC 1 FUNC 2 | MAS MEM DISK

)

Press soft key 8. This is the key under the NEXT in the CRT soft key menu. In this
manual, we will refer to the abbreviated names of the keys as they appear in the
soft key menu on the CRT. Note that the soft key menu changes. When it does,
there should be a COND key indicated in the soft key menu above soft key 7.

<<<MENU B>>>

DISPLAY UNIT | VIEW TIMER SEQUENC | PLOTTER

Press this COND key. The functions will change again.

POL.CHG | SEARCH HI PREC | TI ONLY | PH.adj RETURN .

Next, press CONDIT.

BUZ ON | AUTO ON

FILT ON| CLK INT | DC CANC | A/DOVER | RETURN

b

Note that TEST ON is displayed for soft key 3. Press this soft key; the soft key will
be highlighted, indicating that the test signal generating circuit is operating.

In the initialized state, the input voltage range for both channels is set to 50 V.
Since the test signal has an amplitude of below 1 V, the range must be lowered (i.e.,
the sensitivity increased). First, set the input voltage range of Ch A. While
observing the screen, press the up sensitivity key for Ch A repeatedly. A
squarewave will appear in the bottom half of the CRT display, increasing in
apparent amplitude each time the up key is pressed. If the key is continued to be
pressed, the waveform will eventually disappear out of the display frame and the
OVER LED will light. This indicates excessive input sensitivity. If this occurs,
press the down sensitivity switch. This completes the Ch A input voltage range
setting. The setting for Ch B is made in the same manner.
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In normal use, after this the frequency range would be set as well. In the case of
the test signal input, however, the frequency of the test signal is automatically
adjusted to suit the frequency that happens to be set at that time, making
frequency range setting unnecessary. Since in the initialized state the frequency
range setting is 40 kHz, we will proceed with the explanation assuming this setting
was left unchanged.

Simple Functional Check Using the Test Signal

[y

Place the analyzer into the initialized state (perform a system reset).
2. Input the test signal (as described above). The CRT will appear as shown
below in Fig. 2-1.

Notes: 1.  Select DC coupling for both channels A and B.
2. Press AUTO ON to turn autoranging ON.

3. Display the power spectrum (Fig. 2-2).
Make the following panel switch settings.

CHASPEC — SECOND —» CHB SPEC

Since the search function is OFF, the maximum Y-axis value and
corresponding X-axis value will be displayed automatically.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER AVERAGE CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER AVERAGE
40kHz A:DC/ 2V B:0DC/ 2V INST 0/16 DUAL 1k SP SuM 40kH: A:DC/ 2V B:DC/ 2V INST 0716 DUAL 1k SP  SuM
2 MASS MEM 6 MASS MEM
BL: 1 ka BL: 1
R: 0 R: 0
REAL l ‘ll‘l’l‘ I'l,l ’ ’l’ ‘ ‘l WINDOW MAG AMP RANG
VI HANNING a8y AUTO
.
OVERLAP DC CANC
MAX 20487/ OFF
-2 Ch DELAY -54 AD OV. C
TIME B LIN 10mSEC +00000 0 PWR SP B hen LIN 40kHz OFF
X .3125mSEC L .9353 v X 1600H: X -6.9848BV
TRIGOER INPT SIG
2 ChA 6 TEST
SLOPE: + K FILTER
LEVEL: ON
0.0x
s VVUVUUNNNNNT osfits me 510 our
v -00128 4BV eption
x} UNIT SMPL CLK
X:Hz INT
Y:PK 2048/
-2 COH BLNK -54
TIME A LIN 10mSEC OFF 0 PWR SP A hen LIN 40kHz
X:  3.4375mSEC r L9352 v X 1600H: p& -7.0048vV
. .
Fig. 2-1 Fig. 2-2
.
Check the Following:
R
1. The waveform should appear as shown in Fig. 2-1.

2. The Y-axis maximum value should be —7.0dB +0.2dB (Fig. 2-2)

3. The Y-axis values should be as shown in the table below for the X-axis
values given for each frequency range (Fig. 2-2).

If the above checks are successful, the FFT analyzer is operating normally.
If the checks do not succeed, contact your sales representative.

Frequency 40k | 20k | 10k | OS5k 2k 1k 500 | 200 100~10

range (I1z)

Fundamental 1800 800 400 200 80 40 20 8 8

frequency (Hz)

After completing the checks, either set the test signal off or perform a system
reset.
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2.7

2.71

Processing Functions
Basic Analysis Functions

The front panel DISPLAY group has switches that control such basic analysis
functions as time-axis waveform, spectrum and autocorrelation for channels A and
B individually, cross spectrum and cross correlation of channels A and B together,
and system transfer function, impulse response, coherence function and coherent
output power (with Channel A is the input and Channel B the output of the
system). These functions are assigned to the 12 keys of the left section of the
DISPLAY group. For complex spectra and transfer functions, the center part of the
DISPLAY group is used to select the format for the amplitude, phase and other
displays.

We will input the test signal to exercise the various basic analysis functions.
(For details on each of the functions, refer to Section 4 on processing functions.)
(a) Time Waveforms

In the upper-left part of the DISPLAY

group, there are three keys each [orsriay ]
assigned to Ch A and Ch B. The switch pEc o e
marked TIME for each channel causes D D
display of the raw time-axis waveform i 8 IR
of the signal input at the corres- srEC Comm TImE
ponding channels. This display [ ] N
function can be likened to that of a 4 SD °.

digital oscilloscope with memory.

Press TIME of the CH A subgroup. A squarewave will appear and virtually
fill the CRT screen. This is the time-axis waveform of the signal applied at
Ch A. By pressing the TIME switch of the CH B group, the time-axis
waveform of the signal applied at Ch B would be displayed in a similar

manner.
X, 1.0742mSEC +Y: .4676 V
1 T T T T T T T T T
i 1
i ]
REAL
v g
x1 1
+ 1
-1 - 1 4 I SO § - 4 1 —
TIME A . LIN 10mSEC
-X. 3.8B867mSEC -Y; -.4669 V

Test Signal Time Waveform
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(b)

The full-scale value for the horizontal axis (time) of the displayed time-éxis
waveform depends upon the frequency range setting and is displayed to the
lower right of the waveform display frame.

Since the current frequency range setting is 40 kHz, the full-scale value is 10
ms. Although the time waveform is moving horizontally and therefore
difficult to observe, the display is showing precisely 16 cycles of the
waveform. Therefore, the period of the test signal is 625 ps.

The full-scale value of the vertical axis (amplitude) of the time-axis
waveform depends upon the input voltage range setting and a scale is
displayed at the left edge of the display frame. Let’s look at the amplitude of
the test signal. By comparison with the display frame scales, the maximum
and minimum points of the waveform appear to fall within the range + 300
to £500mV. The front-panel Y GAIN up and down switches can be used to
compress or expand the vertical axis on the display without changing the
input voltage range setting. Before making this change, however, the
YLOG switch at the right edge of the SEARCH group should be switched off.

Spectrum
The switches marked SPEC in the CH A

and CH B subgroups of the DISPLAY
switch group are used to display the Fourier

spectrum of the signal input at Ch A and Ch
B, respectively. Since the Fourier spectrum o A [Corseiar ]
is a complex spectrum (having a real and an SPEC CORR TIME
imaginary part), it is possible to select one N a GD
of four display formats--magnitude , phase, =
real part or imaginary part, using the MAG, SPEC CORR  TIME

' PHASE, REAL and IMAG switches in the N.O.O

center subgroup of the DISPLAY switch
group. Immediately after pressing the
SPEC switch, the magnitude display will be
selected. This display will be referred to
simply as the spectrum display in this
manual.

Press the SPEC switch of the CH A switch subgroup. The spectrum of the
test signal previously displayed as a time-axis waveform will appear on the
display.

o LeN L LA L T Ls
K1
MAG |
dBv 1
10dB/
_60 L 1 I I i 1
0 PWR SP A han LIN 40kHz
X 1600Hz Y ~7.00dBvV
Test Signal Spectrum

2-16



When Fourier analysis is performed on a squarewave signal, it is seen that
the signal is composed of odd harmonics of the fundamental frequency
(reciprocal of the period of the squarewave; in this case 1/625ps= 1600 Hz
for the test signal generated with the 40-kHz frequency range selected),
these components gradually decreasing in magnitude as their frequency
increases. Let’s now try out the PHASE, REAL, and IMAG display formats.
In contrast to the spectrum display format, these displays are constantly
changing. This is because the CF-350 is capturing the signal with timing
that is not related to the period of the signal, so that there is no phase
reference established.

The CF-350 can capture a signal by triggering on the period of the signal.
This will be described in detail in the section of triggering.

For the spectrum, the horizontal axis is either divided evenly (linear scaling)
or logarithmically (log scaling). This selection is made using the XLOG
switch located at the right edge of the SEARCH group.

The vertical axis can be scaled either linearly or logarithmically, but only
for the magnitude (MAG) display mode. This is selected by the YLOG switch
of the SEARCH group, setting it ON for log scaling, thereby changing the
displayed units from volts to dBV (dB display referenced to 1 V). The up and
down switches of the Y GAIN group can be used to compress or expand the Y
axis of the display. When the phase, real part or imaginary part are selected
for display, the YLOG switch must be set to OFF before expanding or
compressing the vertical axis.

Note

The SPEC switch is used for power spectrum, complex Fourier spectrum and
octave analysis.
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(c)

Auto-Correlation Function

The switches of the CH A and CH B
subgroups marked CORR are used
to determine the auto-correlation
function of the signals applied to the
Ch A and Ch B inputs, respectively.
Press the CORR switch of the CH A
subgroup. The auto-correlation
function of the test signal will be
displayed. The horizontal axis
represents time delay, with zero at
the center. The vertical axis rep-
resents the correlation value, with
the correlation value (signal power)
1 for a delay of zero. If the YLOG
switch of the SEARCH group is
turned off first, the Y GAIN up and
down switches can be used to ex-
pand or compress the display in the
Y-axis direction.

SPEC

O

CH A
CORR

N

TIME

.

SPEC

O

CH 8
CORR

N

TIME

GIII

1 . 0 T T} T L T} T
REAL || l
L E
xt [ ]
-1.0 N . L 1
~-5mSEC CORR A LIN 5mSEC
X .6250mSEC Y, 1.0000

Test Signal Auto-Correlation
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(d)

Cross Correlation Function

CROSS
The switch of the CROSS group — ° =
marked CORR is used to display the ‘D 2 ’
cross correlation between the sig- XFER COH C O P
nals applied to Ch A and Ch B.
Press the CORR switch of the 0.0.0
CROSS group.
1 0 LA T T T T
REAL .1 ' |
| |
xt [ )
i 1
-1.0 Jd L . J L
-5mSEC CRS COR LIN SmSEC
X; -5.0000mSEC Y: 1.0000

Test Signal Cross Correlation

The cross correlation of the test signals applied to channels A and B is
displayed as shown above. The horizontal axis represents time delay, with
the zero delay at the center. The vertical axis is the correlation value,
normalized using the square root of the product of the auto-correlation
values at the delay of zero for each of the signals. If the YLOG switch of the
SEARCH group is turned off first, the Y GAIN up and down switches can be
used to expand or compress the display in the Y-axis direction,
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(e)  Cross Spectrum

The switch of the CROSS group
marked SPEC is used to determine
the cross spectrum.

Since the cross spectrum is a

complex spectrum, in addition to the

MAG, PHASE, REAL and IMAG

displays available as with the CROSS
Fourier spectrum, it is possible to R
obtain a Nyquist plot (NYQ) of the j z a
spectrum, with the vertical axis <rER  com c o b
representing the real part and the U D B
horizontal axis the imaginary part. 0 ‘ ‘
Immediately after pressing the
SPEC switch of the CROSS group,
the magnitude display (MAG) is
selected.

Press the SPEC switch of the

CROSS group.
o L T L LA L L
o e
i
MAG B
dsv |
L
10dB/
}-
-60 N " N L N | -
0 CRS PWR LIN 40kHz
X 1600Hz Y -6.99d8vV

Test Signal Cross Spectrum

The cross spectrum of the test signals applied to channels A and B will be
displayed as shown above.
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After obtaining the above-described cross spectrum display, let’s try out the
phase (PHASE), real part (REAL), imaginary part (IMAG) and Nyquist plot
(NYQ) functions. In contrast with the Fourier spectrum, the display is fixed.
The cross spectrum indicates the relationship between the signals input at
the two channels, so that the timing of capture does not have to be synced to
the signal period. This is because the relationship between the signals is
constant.

For the cross spectrum, as is the case for the Fourier spectrum display, for all
display formats (with the exception of the Nyquist plot), the horizontal axis
can be scaled either linearly in uniform divisions, or logarithmically, this
selection being made by using the XLOG switch at the right edge of the
SEARCH group. When XLOG is ON, the horizontal axis is logarithmically
scaled.

For the vertical axis, linear and log scaling are possible for only the
magnitude display (MAG), log scaling being selected when the YLOG switch
of the SEARCH group is ON, in which case the units are changed from volts
to dBV. The up and down switches of the Y GAIN group at the upper right
part of the front panel can be used to expand and compress the display in the
vertical-axis direction (with the exception of the Nyquist plot mode). Before
expanding or compressing the display, remember to turn the YLOG switch
to OFF.
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®

Transfer Function, Impulse Response, Coherence and Coherent Power
Output

The four switches marked XFER
(transfer function), IMP R (impulse
response), COH (coherence func-
tion) and COP (coherent output

CROSS

power) of the CROSS switch group SPEC CORR IMP R
are used to make transfer function EBEREEREN
measurements. ’ 2 3

XFER COH CcoOP
Normally, the input signal to the o . _
system-under-measurement is
input at Ch A and the output from
the system is input at Ch B.

Press the XFER of this group.

500Hz A: AC/ 1V B: AC/0.2V S.SUM 16/16 DUAL 1k

26 T T T T T T L T T

MAG
dB
10d8/ |
i ]
-54 i i 1 PO i — i A ' i
0 XFR FUNC LIN 500Hz
X 377.50Hz Y; 8.79dB

Transfer Function Example

Since the test signal is being applied to the input of the analyzer, the
waveform appearing on the CRT screen has no significance as a transfer
function of a system, although it does provide a check of the operation of this
function. The transfer function, similar to the cross spectrum, is a complex
function that indicates the relationship between two signals, enabling
selection of any of the five complex function display modes (magnitude,
phase, real part, imaginary part, and Nyquist plot). Immediately after
pressing the XFER switch, the magnitude display mode is selected. The
XLOG and YLOG switches can be used to select horizontal- and vertical-axis
log or linear scaling and the Y GAIN can be used for compression and
expansion of the display in the vertical-axis direction in the exact same way
as these are done for the cross spectrum.
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When the IMP R switch is pressed, the impulse response is displayed.

500Hz A: AC/ 1V B: AC/0.2V INST 0/16 DUAL 1k

1.0 T T LJ T T T T T T

REAL
-
xi
-1.0 1 — 1 2 1 1 F I |
-0.4SEC IMP RES LIN 0.4SEC
X .OmSEC Y, -.9999

Impulse Response Example

For the test signal input, this display is not significant as an impulse
response. The horizontal axis represents time, with zero at the center. The
vertical axis is unitless. As is the case for time waveforms, the auto-
correlation function and cross correlation function, if the YLOG switch is
turned OFF first, the Y GAIN up and down switches can be used to expand
and compress the display in the vertical-axis direction. (The maximum

value is normalized to the value of 1.)
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When the COH switch is pressed, the coherence function is displayed. The
coherence function has little significance unless the averaging function is
being used. The coherence function display cannot be expanded or
compressed.

500Hz A: AC/ 1V B: AC/0.2V S.SUM 16/16 DUAL 1k

1.0 T g
MAG | 4
0 A L L L ' . s L L
0 COH LIN 500Hz
X 278.75Hz Y .9990
-00538

Coherence Function Example

When the COP switch is pressed, the coherent output power is displayed.
This function also has little significance unless the averaging function is
being used. Vertical axis expansion and compression, and linear and log
scaling are precisely the same as described for the spectrum magnitude
display. For the coherent output power, there is no phase, real part or
imaginary part display.

500Hz A: AC/ 1V B: AC/0.2V S.SUM 16/16 DUAL 1k

"14 T L T T T T+ —

L K
MAG
dBv
10a8/ |
_94 A I 1 1 1 L L 1 1
0 copP LIN 500Hz
X 197 .50Hz Y. -49.38dBV

Coherent Output Power Example
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2.7.2

Dual-Frame Display Function

Immediately after applying power to the analyzer to bring it into the initialized
state, the time-axis waveforms of the Ch A signal and the Ch B signal are
displayed simultaneously at the top and bottom of the CRT screen. The CF-350, it
can be seen, is capable of displayed two analysis functions on the same display
screen.

First, select the function to be displayed on the lower half of the screen to obtain a
normal (single-frame) display of this function. Next, press the SECOND switch to
light the associated LED. At this point, the display that had occupied the entire
screen will move to the lower half of the screen. If another function is selected
while the SECOND switch LED is lighted, this second function will be displayed on
the upper half of the screen.

(Example)

Suppose we wish to display the Ch A time-axis waveform at the top of the screen
and the Ch A spectrum at the bottom of the screen.

The sequence to do this is as follows:

TIME of CH A group — SECOND — SPEC of CH A group

MAG
dBv
20dB/
"60 A . L IS 1 1 'y
0 PWR SP A han LIN 40kHz
X 1600Hz X -7.00dBV

-1 I 1 I 1 1 1 I 1 Il

TIME A LIN 10mSEC
X 2.84125mSEC X .9345 V

Test Signal Time Waveform and Spectrum Display in Dual-Frame Mode
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For functions such as the phase display of the Fourier spectrum, in which the
display format must be selected after selection of the analysis function, refer to the
following example.

(Example)

Suppose we wish to display the magnitude part of the Ch A signal Fourier
spectrum at the bottom of the display and the corresponding phase spectrum at the
top of the display.

The switch sequence to achieve this is as follows.

SPEC of CH A group — SECOND - PHASE

200
PHASE
deg
—200
SPECT A han LIN 40kHz
X 1600Hz Y; 21.7deg
0 v L3 L L L T LI T T d
MAG
dBv T
20dB/
..60 L 1 1 1 I L I
0 PWR SP A han LIN 40kHz
X 1600Hz Y; -7.00dBv

Test Signal Spectrum Magnitude and Phase in Dual-Frame Mode

By the very nature of the display format, the Nyquist plot cannot be displayed on a
dual-frame screen.

(For details, refer to Section 6.4.)
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2.7.3

List Display

A list display is possible for the results of any of the basic analysis functions.
However, the display is limited to up to 20 peak values or specified points from the
overall analysis results. (For the octave analysis function, a display is possible of
the values for all bands.)

PWR SPECTRUM ChA

i 1600Hz -7.00dBvV
2 4800 -16.54
3 8000 -20.95
4 11200 -23.87
5 14400 -26.10
6 17600 -27.84
7 20800 -29.32
8 24000 -30.54
9 27200 -31.57
10 30400 . -32.65
o L v LA T L T v LA T
i 9
MAG
daBv
s
20d8/
-60 M e I I I I 1
0 PWR SP A han LIN 40kHz
X 1600Hz Y. -7.00dBvV

LIST SET 3
—OFf | ON ] SET [ INC T DEC | CLR T PEAK TRETURN —

Test Signal Spectrum List Display

After selecting an analysis function such as time-axis waveform or spectrum, the
LIST switch of the DISPLAY group can be pressed to enable the list display mode.
This alone, however, will only result in numbers displayed along the left side of the
screen, with no actual analysis results displayed. To obtain a listing of analysis
results, soft keys must be used.

(For. details, refer to Section 6.6.)
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2.7.4

3-Dimensional Display (optional)

With the exception of the Nyquist plot display and list display, 3-dimensional
display is possible of any basic analysis function, enabling the time variations to be
observed easily on the display.

First, select the function to be displayed in 3-dimensional form. Next, press the
ARRAY switch of the DISPLAY switch group. The vertical and horizontal axes
will retain the same meaning it normally has, the depth (into the display) axis will
be added and this axis will scroll towards the observer. This added depth axis does
not strictly indicate time but rather the age of the waveform traces in terms of
when they were obtained from the analysis process, with the very newest
waveform in the rear and the traces becoming newer as towards the front.

The soft keys can be used to make changes in the 3-dimensional display format
(e.g., inclination and scrolling on/off control).

(For details refer to Section 6.7.)

UNIT: dBV

0 40kHz
PWR SP A LIN

Test Signal 3-Dimensional Spectrum Display
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2.7.5

Start and Pause Functions

The CF-350 normally performs the operation of signal capture, analysis and
display in a continuously repeated cycle. Using the front-panel START and
PAUSE switches of the COMMAND group, however, it is possible to inhibit the
capture of new signals, thereby freezing the display, and possible to start the
capture process once again.

Press the TIME switch of the CH A subgroup to display the time waveform for Ch A
and then press PAUSE and observe what happens. The time waveform will stop on
the display. When this switch is pressed, after the current capture operation is
completed, display is made and further signal capture is stopped. This is a useful
feature when details signal observation is required.

In the PAUSE condition, press either the SPEC or the CORR switch and observe
the results. Note that it is possible to select the display function or expand and
compress the display even in this PAUSE condition. However, changes made in
such signal-capture related settings as input voltage range and frequency range
will have no effect on the display in the PAUSE condition, these settings being
disabled until the PAUSE condition is canceled.

To cancel the PAUSE condition, press the PAUSE switch once again or press the

START switch; either operation will have the same effect. However, the START
switch is used for functions other than this pause-canceling operation.
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2.7.6

Search Function

The search function is a convenient function in accurately determining the voltage
or time at a particular point on the displayed trace. When the ON switch in the
center of the SEARCH switch group is pressed, this search function is activated,
causing an intensified point to appear on the displayed waveform trace. We will
call this the search point.

The vertical-axis and horizontal-axis values at the search point are displayed at
the bottom of the screen after the X: and Y:, respectively. By pressing the left and
right SEARCH group jogging switches, the search point can be moved to any
desired horizontal position. The up and down jogging switches are also used to
move the search point, but at a faster speed than the left and right switches.

The ASET and AON switches of the SEARCH group are used with the delta cursor
function. The delta cursor function enables the display of the vertical- and
horizontal-axis value differences between any two selected points on the display.
To use it, first mover the search point to the point on the waveform to be used as the
reference and press the ASET switch. At this point a broken-line cursor appears at
the reference point to mark it. Next, press the AON switch, after which the
differences in X and Y values between the search point and the broken-line (the
reference point) are displayed after the AX: and AY:, respectively, which appear in
the same position that the absolute value displays for the search point had been
displayed previously. Press the left/right and up/down switches to move the search
point and observe how the delta cursor function behaves. To cancel the delta cursor
function, press the AON switch once again. The displayed AX: and AY: will return
to the original X: and Y:, indicating that the normal search function is activated.
The broken-line remaining on the screen indicates that the delta cursor reference
point setting is still in effect. If the ON switch is pressed and search function
disabled, and the ON switch is pressed again, the broken line will disappear and
the reference point setting will be canceled.

The search function and the delta cursor function are operative regardless of the
display format.

When the search function is off, in place of the search point vertical- and
horizontal-axis values, the display will indicate the following, depending upon the
displayed function.

° For time-axis waveforms:
Maximum and minimum voltage values and corresponding times (for a dual-
frame display, however, the difference between the maximum and minimum
values and the time differences are displayed)

] For spectrum, cross spectrum and transfer function:

Maximum value of magnitude, phase or other displayed quantity and the
corresponding frequency.

] For auto-correlation function:

Maximum correlation value (other than at zero delay) and the time delay at
that point

° For cross correlation function:
Maximum correlation value and the time delay at that point

(For details, refer to Section 6.11)
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2.7.7

Trigger Function

The cycle of signal capture, analysis and display is normally performed in an
asynchronous fashion with respect to the input signal period, resulting in a time-
axis waveform that appears to move horizontally. For the same reason, the phase
part of the Fourier spectrum is a representation of the time relationship of each
frequency component with respect to the left edge of the time waveform, so it is not
stationary either. To observe a stationary time waveform or phase spectrum, it is
necessary to sync the signal capture process to the input signal, using the CF-350’s
trigger function.

The CF-350 trigger function operates in much the same manner as the trigger of an
oscilloscope. When the input signal exceeds a set voltage, the signal capture
begins. However, the CF-350 trigger function offers many more combinations of
settings than does the trigger function of a conventional oscilloscope. Details are
covered in a later section.

The switch in the TRIGGER switch group
located at the bottom of the front panel can

be used to turn the trigger function on and Taie ]
off. When the trigger function is on, the E
LED marked TRIG'D flashes. If the (o)
function is on but the LED is not flashing, —
or is flashing irregularly, it indicates that u
the trigger settings have not been made

properly, If so, refer to Section 3.10 on the
trigger function for the setting method.
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2.7.8

Averaging Function

When the output of an actual sensor is
input to the CF-350 for analysis, in
addition to the desired signal, unwanted
signals and noise will be input. In such
cases, the fact that the characteristics of
the desired signal are different from the
unwanted signals are often used to
eliminate the effects of the latter. One of
these techniques is that of using the
difference in statistical properties of the
desired and unwanted signals.
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The CF-350 enables a number of different types of averaging, which can be selected
as appropriate to signal types and conditions. In the initialized state, spectrum
averaging is set, this being used to eliminate unwanted noise from a signal’s power
spectrum, a cross spectrum or from a transfer function.

The averaging function is activated by settingthe AVG switch of the COMMAND
group on. Simultaneous with enabling the averaging function, this places the CF-
350 into the PAUSE condition. Press the START switch to start averaging. Since
the number of averages is initially set to 16, signal capture will be performed 16
times, at which point the average will be calculated and the results displayed, the
analyzer returning to the PAUSE condition. During the capture process, the
number of averages already performed is indicated in the upper part of the display.
To cancel the averaging function press the AVG switch once more.

For information on other averaging functions, refer to Section 5.1.

10kHz A:AC/ SV B:AC/ 2V INST 0/16 DUAL 1k 10kHz A: AC/ 5V B:AC/ 2V S.SUM 16/16 DUAL 1k

MAG

MAG

d8 dB
1008/ 1008/ |
_38 i i i e i A i i __38
0 XFR FUNC LIN 10kHz
Y 2100Hz Y: 12.76d8
No Averaging
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2.8.1

Other Functions
Storage of Display Data into Mass Memory

The CF-350 has a large-capacity mass
memory capable of holding up to 60 frames
of display data for recall whenever desired.
The four switches at the right side of the
DISPLAY switch group are used to control

this mass memory. MEMORY

RecaLL |L
Addresses 1 through 60 are assigned to p
locations in mass memory, with each
address corresponding to memory space for
one frame of display. The address may be
changed by using the ADDRESS up and ADDRESS
down keys of the switch subgroup shown
here. To store a waveform displayed on
the CRT, press the STORE switch. In
addition to storing the currently displayed
waveform, the address will automatically
be incremented by 1. However, if the
STORE switch is pressed when a dual
frame display is being observed, the lower
display followed by the upper display (in
this sequence) will be stored as individual
frames, and the address will be
incremented by 2.

@il O

v
-
[]
£
m

For the transfer function, it is stored as a complex function, thus requiring two
continuous frames of memory (i.e.. 2 addresses), with a resulting automatic
increment in address of 2.

To recall data which has been stored in mass memory, after using the ADDRESS
up and down switch to select the desired address, press the MEMORY RECALL

switch.

When the mass memory is used in combination with the dual-frame display, it is
possible to compare the analysis results for two signals. First, input and analyze
the first signal. Then press the STORE switch to store the analysis results in mass
memory. Then input the second signal and analyze it in the same manner.
Finally, return the mass memory address to the first address, press the SECOND
switch and then press MEMORY RECALL, at which point the upper half of the
screen will display the first signal analysis results and the lower half will display
the results of analysis of the second signal, enabling easy comparison.
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(Example)
Compare the frequency response of two filters.

First, connect Filter A to the CF-350, measure the transfer function and press the
STORE switch to store analysis results into mass memory. Next, remove Filter A
and connect Filter B, performing the same transfer function measurement. With
the analyzer in this condition, the CRT screen is displaying the transfer function of
Filter B. At this point, press the SECOND switch to move the Filter B transfer
function to the lower half of the screen. Following this, press the down ADDRESS
switch two time to return to the address of the Filter A transfer function
(remembering that a transfer function storage requires two address locations) and
then press MEMORY RECALL to recall the Filter A transfer function from
memory to the upper half of the CRT screen.

(For details, refer to Section 7.1.)

22 T ™ T T T T T T ™
M 1 <
MAG
dB i 4
20d8/ t 4
_38 ' L IS i . L A i 1.
0 XFR FUNC " LIN 10kHz
X 2100Hz Y: 10.09dB
22 T T T T LE v L] L L]
- 4
K
MAG
dB i 1
20dB/ [y 1
-38 . . i — A 1 L L L 1
0 XFR FUNI LIN 10kHz
X 2100Hz Y; -3.14dB

Example of Comparing Frequency Responses Using the Mass Memory Function

2-34



2.8.2

2.83

Panel Condition Memory

This memory is used to store all panel-switch and soft-key analysis condition
settings. It enables the storage of up to four sets of such conditions.

When a given set of voltage range, frequency range, processing function and other
settings are used repeatedly, once these are made, they can be stored in the panel
condition memory. The contents of this memory are held even when the power of
the analyzer is switched off. This function eliminates the need to make complex
condition settings each time the power is switched on.

(For details, see Section 8.1.)

Autosequence Function

The CF-350 provides the ability to execute automatic analysis sequences, following
a preprogrammed sequence of analysis steps.

Once a sequence is stored, it can be recalled and executed quickly and without
operator error. ’

The AUTO SEQ switch is the command switch used both to store and to execute
such automatic analysis sequences.

(For details, refer to Section 8.2.)
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2.8.4 Label Function

Two lines of up to 55 characters each (alphanumerics and symbols) can be disp-
layed on the CRT screen. This is a convenient way of adding comments and other
vital data to analysis results when storing them onto disk or making hardcopies of
them.

Press the LABEL switch.

A setting marker will appear at the beginning position for label entry and the soft
keys will appear as follows.

SMALL INSERT DELETE CLR RETURN

4 5 6 7 8
1 ... Label upper line display (highlighted) and delete (normal)
2 .. Label entry condition (highlighted) and entry disabled (normal)
3 ... Upper-case character display
4 ........ Lower-case character display
5 ... Insert 1 character
6 ........ Delete 1 character
T ... Delete character string

When displaying a label, use the label-entry keys of the front-panel switches.

Cursor movement is done by using the front-panel SEARCH group left and right
keys.

(For details, refer to Section 6.10.4.)
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2.8.5

GPIB Function

The GPIB (General-Purpose Interface Bus) is a standard bus developed to interface
computers to measuring instruments for the purpose of data transfer and control.
It was established by the Institute of Electrical and Electronic Engineers (US) in
1975.

Using the GPIB, it is possible to unify the interfacing of different instruments, and
up to 15 instruments can be connected to any given bus in parallel fashion (daisy-
chain connection).

This enables equipment of different manufacturers to be combined, ensuring
reliable data transfer of data between the equipment. Many personal computers
and measuring instruments have this interface capability, it being the most widely
used today.

The LOCAL switch is used to place the GPIB interface in the local status.
When power is first applied and whenever a system reset is performed:

° If the LOCAL LED is lighted, the addressable condition has been
enabled, making control from an external computer or other GPIB
controller possible.

] If the LOCAL LED is not lighted, and the TALK LED only is lighted,
the CF-350 is controlling a plotter via the GPIB (in the TALK ONLY
mode) and should not be connected to a computer.

TALK LED lighted ..... CF-350 has been specified as a talker.
LISTEN LED lighted ... CF-350 has been specified as a listener.
SRQ lighted ............ A service request has been issued.

Switching of the external computer mode and the plotter mode is performed using
soft keys (this can be done at any time).

(For details, refer to Section 13.)
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2.8.6

2.8.7

Floppy Disk Drive (Option)

When the optional floppy disk drive is installed in the CF-350, permanent storage
of large amounts of data is possible. One disk is capable of storing up to 300 frames
of display data or 255 Kwords of time waveform data.

The floppy disk can be used to store panel setting conditions and sequence
programs as well. For details on this, refer to Section 6.4.

For general information on the floppy disk, refer to Section 7.3.

Hardcopy Function (Plotter Output is Optional)

By connecting a video printer to the CF-350 or connecting a plotter to the CF-350
via an optional plotter interface, it is possible to generate a hardcopy of the display
screen. When a plotter is connected, the hardcopy can be generated by simply
pressing the PLOTTER switch on the front panel. By setting the CF-350 plotting
parameters appropriately, it is possible to create expanded plots, color plots and to
perform continuous plotting as well.

(For details, refer to Section 9.)
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3.1

3.11

3.1.2

SETTING DATA-CAPTURE CONDITIONS
Sampling
Sampling and the A/D Converter

To enable digital processing of a voltage signal that is varying continuously with
respect to time, it is necessary to quantize instantaneous values of the signal by
means of a process known as sampling. In this process, a waveform is sampled
every fixed time interval (sampling interval), these samples being quantized to
obtain a series of numerical values. This conversion of an analog signal to a digital
signal is known as A/D conversion and the accuracy of the A/D converter used to
perform the conversion (expressed in number of bits of resolution) determines the
dynamic range. In the CF-350, this A/D conversion is performed with 16 bits of
resolution.

Sampling Theorem

If the sampling interval is At (1 sample every At seconds), the sampling frequency
is then the reciprocal of this or (1/A¢t) Hertz (i.e., 1/At points sampled every second).

The sampling theorem states that the sampling frequency has the limitation that
it must be at least twice the frequency of the highest frequency component
contained in the signal to be sampled. If the sampling frequency is not twice this
maximum frequency, a phenomenon known as aliasing occurs, causing the
appearance in the FFT spectrum of “false” component that does not actually exist
in the original signal (refer to Section 3.8 which described the anti-aliasing filter).

Sampling in the CF-350
In the CF-350, the sampling frequency is automatically selected as 2.56 times the
currently selected frequency range. For example, if the 40-kHz frequency range is

selected, the sampling frequency is automatically set to 2.56 times this frequency--
102.4 kHz (i.e., 102,400 samples each second).
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Sampling Clock Selection
In the initialized state, the internal sampling clock is selected, in which case an
internal quartz crystal oscillator within the CF-350 provides as sampling

frequency of 2.56 times the selected frequency range. When using an externally
applied signal as a sampling clock, the internal sampling clock is turned off.

<Procedure >

Make the following soft key settings.

<<< MENU B >>>

DISPLAY UNIT VIEV TIMER | SEQUENC | PLOTTER NEXT
CONDITION SET
POL.CHG | SEARCH | HI PREC | TI ONLY PH.ad] RETURN
b
CONDITION
BUZ ON | AUTO ON TEST ON | FILT ON DC CANC | A/D OVR | RETURN

i)

If the CLK INT key is activated, the internal sampling clock is selected, and if it is
turned off, the external sampling signal applied to the external sampling clock
input connector is enabled.

Note

Both channels are always sampled by the same clock.
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3.2

2kHz

High-Precision Mode

In the CF-350, the FFT calculation is normally done using a fixed-point precision of
16 bits. This, however, can be changed to 32-bit fixed point precision by selection of
the high-precision mode. In this mode, the dynamic range is 80 dB or greater (refer
to Section 1.1.4 for a table of dynamic range values).

In using an impulse hammer to provide an acceleration stimulus, the high-
precision mode can be employed to make full use of the high precision of the 16-bit
A/D converter.

However, the high-precision mode requires longer calculation times than the
normal mode.

Real-time range Normal mode 2 kHz

High-precision mode 200 Hz

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
A:AC/ 1V B:AC/0.SV S.SUM 8s/8 DUAL 1k

1.0
L

MAG

v Y W -0

MAG

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
AZAC/ 1V B:AC/0.SV S.5UM 8/8 DUAL 1k

T

B

] COH LIN 2kHz COH LIN 2z
X: 1090. OHz & . 9989 X: 1070. 0Hz 1 . 9996
34
MAG MAG
48 48
2048/ 2048/ |
-54 L ~46
0 XFR FUNC LIN 0 XFR FUNC LIN 2kHz
X: 355. OHz & 17.1948 X: 355. Otk & 21.2948
(a) Normal Mode (b) High-Precision mode
Fig. 3-1 Transfer Function Measurement Using Impulse Stimulus
(Bottom: Gain, Top: Coherence)
<Procedure >

Make the following soft key settings.

<<< MENU B >>>

DISPLAY UNIT VIEW TIMER | SEQUENC | PLOTTER
CONDITION SET
CONDIT POL.CHG | SEARCH | TI ONLY |[PH. adj | RETURN
HIGH PRECISION
RETURN

3-3



3.3

Autoranging Function

The voltage range (signal input sensitivity) can be made using front-panel
switches. However, the CF-350 also has an autoranging function which
automatically selects the optimum voltage range to suit the input signal voltage
level. When the input signal causes overflow, the voltage range is switched one
range upward, and when the input signal drops below 25% of the full-scale range
value, the voltage range is switched one range down.

Using this function, each time 1024 points are captured, the voltage range is
selected to suit the input signal level.

Note

When averaging is being executed and when triggered data capture is being
performed, it is not possible to use the autoranging function.

<Procedure>

Make the following soft key settings.

<<< MENU B >>>

DISPLAY UNIT VIEW TIMER | SEQUENC | PLOTTER NEXT
CONDITION SET
POL.CHG | SEARCH | HI PREC | TI ONLY |PH. adj RETURN
t
CONDITION
FILT ON | CLK INT |DC CANC | A/D OVR | RETURN

In addition to this function, the CF-0354 Servo Analysis Software has an
autoranging function that sets the voltage range separately for each spectrum line.
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3.4

Autozero Function

In the CF-350, a function is provided which automatically compensates for the DC
offsets introduced by internal analog circuits (amplifiers and filters).

This circuit operates by having the CPU measure the A/D converted data with the
input shorted and send a compensation value to an offset compensation circuit,
which performs an A/D conversion of this value, which then gets added to the
signal after passing through a filter.

(] A relay is used to short the input of the A/D converter as follows.
~ 16bit
ATTENUATOR FILTER + S/H A/D —=Digital
INPUT Dala
CONNECTOR NTERNAL
OFFSET
COMPENSATION
CIRCUIT
° The CPU reads the resulting data and the compensation value is D/A
converted and added to the signal output from the filter.
ADDER
| D
ATTENUATOR FILTER T S/H A/D — | CPU
INPUT
CONNECTOR INTERNAL
OFFSET
% COMPENSATION D/A
CIRCUIT
° After completion of compensation, the relay is reset, enabling normal
measurement.

This function limits the CF-350’s internal offset to 5% of each voltage range
(—60dB) at maximum.

If the autozero function is on, the function operates each time the voltage range or
frequency range setting is changed.

<Procedure >

Make the following soft key settings.

<<< MENU C >>>

SERVO Y axis | DATAset OPTION NEXT
OTHERS CONTROL
P.COND GP-1B DISK RETURN
ANALOG CONTROL
RETURN
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A/D Overflow Cancel Function
When the input signal exceeds the set voltage range, this function automatically
ignores the captured signals and simultaneously sounds a beeper as a warning. In
such measurements as using an impulse stimulus to determine the transfer
function, this enables the cancellation of excessive inputs which cause the overflow
condition.
Cancel Function
In addition to the A/D overflow cancel function, when using the trigger function
and summation averaging, there is a cancel soft key that enables the cancellation
of waveforms that cause A/D overflow and other waveforms that the operator may
which to have ignored. Refer to Section 5.1.2 (a) for details.
<Procedure >
Make the following soft key settings.

<<< MENU B >>>

DISPLAY UNIT VIEW TIMER SEQUENC | PLOTTER NEXT
CONDITION SET
A SI1G OUT | POL CHG SEARCH | HI PREC | Tl ONLY PH.ad} RETURN
&
CONDITION
BUZ ON | AUTO ON | TEST ON | FILT ON | CLK INT | DC CANC RETURN

Press the A/D OVR key to activate this function.

When A/D OVR is activated, it is not possible to issue a service request to the

GPIB.
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3.6

DC Cancel Function

This function eliminates DC components by means of a digital calculation.
Another function which eliminates DC components is AC coupling. Compared
with the use of AC coupling, the DC cancel function offers the following features.

It enables the elimination of DC components after a signal is captured using
DC coupling.

The attenuation in the low frequency region exhibited by AC coupling does
not exist.

When performing integration with respect to time, the DC component can be
reliably eliminated, thereby reducing overflow.

Note

When the DC cancel function is off, time integration will integrate starting with

DC.

<Procedure >

Make the following soft key settings.

<<< MENU B >>>

DISPLAY UNIT VIEW TIMER | SEQUENC | PLOTTER NEXT
CONDITION SET
| POL CHG | SEARCH | HI PREC | TI ONLY PH.ad} RETURN
)
CONDITION
BUZ ON | AUTO ON | TEST ON | FILT ON | CLK INT AD OVR | RETURN

b

Press DC CANC to activate this function.

The Coupling characters at the top of the CRT will appear highlighted.



3.7

3.71

Analysis Data Length Setting and Resolution
Analysis Data Length

The data analysis length (frame length) is 1024 points (1 Kword) and with single
channel capture only, it can be selected as either 1024 or 2048 points (2 Kwords).
For time-axis waveforms, 1024 or 2048 points are displayed on a single frame, and
the display is updated every 1024 or 2048 captured points. The FFT analysis is
performed with respect to each frame, resulting in one spectrum.

The time length for one frame is related to the frequency range as follows.

%
5

TN

R
S —

1 FRAME = 1024 or 2048 PTS

If the frequency range is f; (Hz), the sampling frequency is 2.56 f; (Hz). The
sampling interval At then is the reciprocal of this or (1/2.56f)) (s).

Therefore, the time length of 1024 points is (1/2.56f;) X 1024 (s) and for 2048 is
(1/2.56f;) X 2048 (s).

From this relationship, it is clear that the analysis data length is linked to the
frequency range setting.
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3.7.2

Resolution

The frequency resolution of the CF-350 is 1/400 for an analysis data length of 1024
points and 1/800 for an analysis data length of 2048 points. For example, in the 1-
kHz frequency range, the minimum frequency reading resolution would be
(1000/400)=2.5 Hz. The powers are the integrated values over each bandwidth.

° The CF-350 can determine the power spectrum per 1-Hz unit of frequency
(power spectral density). Refer to Section 5.8.4 for information on this
function.

] To improve resolution, the zoom function (CF-0351 Frequency Zoom

Software) and 4-decade analysis function (CF-0354 Servo Analysis Software)
which enhances transfer function resolution are available. For information
on the zoom function, refer to Section 5.2 and for information of the 4-decade
analysis function, refer to Section 11, which describes the servo analysis
function.

When using the Hanning window, the search enhance function provides a
32-fold increase in the line spectrum peak value resolution. Refer to Section

5.8.2.

The relationship of analysis data time length to frequency range and resolution is

shown in the table below.

Frequency 800 Lines (2048 points) 400 Lines (1024 points)
range Data length (t)] Resolution (Af) |Data length (t)| Resolution (Af)
1Hz 800s 1.25mHz 400s 2.5mHz |
2Hz 400s 2.5mHz 200s SmHz
S5Hz 160s 6.25mHz 80s 12.5mHz
10Hz 80s 12.5mHz 40s 285mHz
20Hz 40s -25mHz 20s 50mHz
S50Hz 16s 62.5mHz 8s 0.1258Hz
100Hz 8s 0.123Hz 4s 0.25Hz
200Hz 4s 0.25Hz 2s 0.5Hz
S500Hz 1.6s 0.625Hz 0.8s 1.25Hz
1kHz 0.8s 1.25Hz 0.4s 2.5Hz
2kHz 0.4s 2.5Hz 0.2s SHz
SkHz 160ms 6.25Hz 80ms 12.5Hz
10kHz 80ms 12.5Hz 40ms 25Hz
20kHz 40ms 28Hz 20ms SO0Hz
40kHz 20ms S50Hz 10ms 100Hz

Table 3-1 Frequency Ranges and Analysis Data Lengths (units: s)
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Analysis Data Length Setting

The initialized setting is 1024 points.

<Procedure >

Make the following soft key settings.

<<< MENU A >>>
TRIG AVERAGE

FUNC 1 FUNC 2 | MAS MEM DISK NEXT

&>
MODE SET

OVERLAP

WINDOW | W SET DELAY | SP ONLY SOURCE RETURN

b
FRAME LENGTH SET

RETURN
a b c

a ChA2K ..... For input from Channel A only, the analysis data length
is selected as 2048 points.

b ChB2K ..... For input from Channel B only, the analysis data length
is selected as 2048 points.

c DUAL1K ..... The analysis data length is selected as 1024 points.

Note

The playback analysis data length for time record data in memory can also be set
using the mass memory soft keys. For information on this, refer to Section 7.2.2

(d).
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3.8

3.8.1

Anti-Aliasing Filter
Aliasing

When a waveform is sampled, the sampling theorem dictates that the sampling
frequency must be at least two times the frequency of the highest frequency
component included in the signal to be sampled. Stated in terms of sampled points,
there must be two points sampled for every period of the highest frequency
component.

As shown in Fig. 3-2 (a), if the waveform to be sampled (solid line) is sampled with
a frequency less than twice the high frequency component (i.e., at the intervals
marked by the vertical lines), the sampling will result in the erroneous conclusion
that the broken line waveform representing a low-frequency component which does
not actually exist is included in the sampled waveform. This effect of making false
low-frequency signals appear in the spectrum is known as the aliasing
phenomenon or wrap-around.
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(a) Time-Axis Waveform
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(b) Frequency-Axis Representation

Fig. 3-2 Aliasing Phenomenon



3.8.2

VOLTAGE

[}

Anti-Aliasing Filter

When the aliasing phenomenon is observed on the frequency axis, there appears a
wrap-around of components higher than 1/2 of the sampling frequency about this
frequency point. Thus, in the 40-kHz range, there would be wrap-around about the
frequency of 51.2 kHz (40 kHz X 2.56/2). To prevent this aliasing, the normal
approach in frequency analysis equipment is to pass the signal through a lowpass
filter before sampling to eliminate any frequency components above the nominal
analysis frequency upper limit. This filter is known, for this reason, as an anti-
aliasing filter.

However, since an ideal filter having infinite attenuation outside its passband is
impossible to actually implement, the CF-350 samples at not 2 times, but rather
2.56 times the frequency range, captures 1024 or 2048 points and then performs an
FFT on this data. Of the thus derived spectral lines it leaves only 1/2.56 of the total
(i.e., either 400 or 800 lines), discarding the 624 or 1248 lines that are susceptible
to aliasing.

The CF-350 uses an 8th order cascaded Chebyshev anti-aliasing filter having
characteristics as shown in Fig. 3-4, with an attenuation of approximately 80 dB at
1.56 times the frequency range. The cutoff frequency is linked to the selected
frequency range and switched automatically. At ranges of 100 Hz and below, a
digital filter is applied automatically.

/2 1s fs

/
s \
%
X

40k 51.2k 62.4k 102.4kHz
Hz Hz o (40kx1.28)

(40kx1.56)

(40kx256)

Fig. 3-3 Anti-Aliasing Filter

CF-35@ 40KHz FILTER
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_ -19.000+———+—TT : \\
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- 30,000 AV
ZSB.-._‘--, I T I
= \.
] Y
-s@. 8o ———— 1
7 T :
. ; ;
-79.200 E -
Vo
VAN
-30. 000 ; AW ~T
2. 0ee +@.200 30. 208
Fr (kHz)

Fig. 3-4 CF-350 Filter Characteristics
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Switching the Anti-Aliasing Filter On and Off

In the initialized state, the anti-aliasing filter is on. However, this can be switched
off.

By applying anti-aliasing filtering, since frequencies above the frequency range
are eliminated, the time-axis waveform might not be an accurate representation of
the actual input waveform. By turning the anti-aliasing filter off, it is possible to
observe a waveform that is very close to the original input signal.

For observation of frequency-domain characteristics, however, always keep the
filter on.

<Procedure >

Make the following soft key settings.

<<< MENU B >>>

DISPLAY | UNIT VIEW | TIMER | SEQUENC |PLOTTER NEXT
CONDITION SET
" ' POL.CHG | SEARCH |HI PREC |TI ONLY [PH. adj | RETURN
)
CONDITION
BUZ ON | AUTO ON | TEST ON DC CANC |A/D OVR | RETURN

b

Press the FILT ON key to deactivate it and turn off the anti-aliasing filter.

CF-350 PORTABLE OUAL CHANNEL FFT ANALYZER
40kHz A:AC/0.2V B:AC/0.2V INST 0/186 DUAL 1k

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
40kHz A:AC/0.2V B:AC/0.2V INST 0/16 DUAL 1k

14— v . -

MAG
48V

S48/ |

|

0k Hz

0 PWR SP A han LIN

4
X 2100Hz 1 -23.8748BV

(a) Filter On

~-14

MAG
48v

S48/ |

LAt A | A \ l‘l.A:

).

PWR SP A hen LIN

2100Hz

b

(b) Filter Off

40k Hz

-23.6848V

Fig. 3-5 Squarewave Spectrum with and Without Anti-Aliasing Filtering
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3.9.1

Window Setting
Windowing

FFT Processing is performed by selecting a portion of the sampled data for analysis
(in the case of the CF-350, this is 1024 or 2048 points). The processing of
truncating the signal to be analyzed is done by applying what is known as a
window function to the signal.

/\/\N/\\/\/‘V\/\

1 I
! |
l———1024PTS ——»=

‘FFT

SPECTRUM

Fig. 3-6 Window

The Fourier transform is, strictly speaking, defined for data of an infinite length.
This holds for the discrete Fourier transform as well, so that in the FFT analyzer,
the truncated waveform is assumed to repeated infinitely. In performing the
analysis, if the analysis data length (i.e., the window length) is an integral
multiple of the periods of the frequency of the components thus truncated (as
shown in Fig. 3-7 (a)), the assumed endlessly repeating waveform will coincide
with the actual input waveform, and a single sine wave component will result in a
clean, single-line spectrum. If however, the window is not an integral multiple of
the sampled signal’s period (as shown in Fig. 3-8 (a)), i.e., it does not correspond to
one of the discrete frequency resolution points, there will be discontinuities when
the window edges are brought around to meet each other. This results in a
broadening of the spectrum as shown in Fig. 3-8(b). This broadening manifests
itself as what is known as leakage error. In theory, to obtain a true line spectrum,
an infinite data length is required. Since the FFT analyzer makes use of a finite
length of data, however, the existence of this leakage error is inevitable.
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CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER

1k

20kHz A:AC/0.5V B:AC/ 1V INST 0/16 ouaL
n
'. -6 ——
[ | ACTUAL INPUT
| WAVEFORM
I u .
I |
MAG
PORTION WITHIN FRAME 48V
10487
l :
i 66 0 PWE SP A ' L}N L2OkH
I rec Iz
| | INPUT WAVEFORM X 53000 Y -13. 9848V
| ASSUMED BY FFT ANALYZER
|
¥ (COINCIDES WITH ACTUAL
WAVEFORM)
(a) Time Waveform (b) Spectrum Synchronized to Data Length
Fig. 3-7 Input Signal with a Period of an Integral Multiple of the Analysis Data Length
CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
20kHz A:AC/C.SV B:aC/ 1V INST 0/18 BUAL 1k
| ACTUAL INPUT -6 —— ; —
| WAVEFORM i L
']
, i
' |
E ' |
MAG
4BV
PORTION WITHIN FRAME .
1048/
| I
‘(//f///’/’l\\\\\\f\\\‘\
| |
N | -66 "
' : 0 PWR SP A rec LIN 20kHz
! I INPUT WAVEFORM X 5200H: L -14.694BV
! | ASSUMED BY FFT ANALYZER
(a) Time Waveform (b) Spectrum not Synchronized to Data Length

Fig. 3-7 Input Signal with a Period not an Integral Multiple of the Analysis Data Length

3-15



Window processing can be used to prevent this leakage error. Fig. 3-9 (a)
illustrates the concept of window processing. The input waveform shown has a
period that is not an integral multiple of the analysis data length, i.e., it is not
synced to the analysis data length. If we use this figure to consider leakage error, it
can be seen that the problem exists because of the discontinuities existing at the
edges of window when they are brought together (remembering that the FFT
analyzer assumes an infinitely repeated series of signals. Thus, the leakage power
can be eliminated by performing the analysis of the central section of the data only,
the result being a single-line spectrum. If the signal is multiplied by a window
function having the value of zero at both ends, this will have the effect of
centralizing the FFT processing, the result being, as shown in Fig. 3-9 (b), that the
spectrum approaches being a true line spectrum.

One commonly used window is called a Hanning window and other windows are
used as well, depending upon the type of signal being analyzed.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER

20kHz A:AC/0.5V B:AC/ 1V INST 0/18 DUAL 1k
ACTUAL INPUT WAVEFORM

)
"
v

-6 - -
<
\ INPUT WAVEFORM
' | ASSUMED BY FFT ANALYZER
MAG
4BV
\/\, WINDOW FUNCTION 10487 F
\\\\'///
-66 A .
0 PWR SP A hean LIN 20k Hz
INPUT WAVEFORM AFTER X: 5200Hz Y: -14.2548V
WINDOW PROCESSING
(a) Window Function and Processing (b) Reduction of Leakage

by means of Window Processing
Fig. 3-9 Window Processing

In the CF-350 analyzer, the window weighting is applied, so that the window does
not change a time waveform. However, it is possible to monitor the time-axis
waveform which has had a window applied to it. Refer to Section 3.9.3 (d).

A waveform stored in the time record memory can be played back and FFT
analyzed with a variety of window types, even after storage of the original
waveform. It is also possible to change the window type when the mass memory is
selected as the analysis signal source in analyzing CRT block memory time-axis
waveforms. For information on the memory function, refer to Section 7.
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3.9.2 Window Types
The CF-350 enables selection of the following window types.
Equivalent
Window Level qul\{a en Frequency L
type accuracy notse resolution Applications
bandwidth

Rectangular | —3.9dB 1.0 Good Transients such as impulse
signals. Internally generated
sine, swept sine and periodic
signals.

Hanning —1.42dB 1.5 Fair General FFT signal analysis,
particularly continuous
waveforms.

Flat-top +0.1dB 3.1662 Poor High-frequency analysis (e.g.,
THD) in which level accuracy is
important.

Force Transient impulse signals such
as from acceleration stimuli.
Elimination of noise.

Exponential Acceleration response.
Naturally damped waveforms.

User defined Processing using an arbitrarily
defined window.

Table 3-2 Available Window Types

With the Hanning and Flat-top windows, spectrum peak and overall value
compensation is performed.

(a) Rectangular Window

This is an rectangular window without weighting. It is described by the
following relationship.

w(nAt) = 1(n=0, 1,--N-1, N=1024, 2048)

Fig. 3-10 Rectangular Window
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(b)

Since this window is not weighted, levels and frequencies are determined
with high accuracy. However, as described in Section 3.9.1, this is not
suitable for the analysis of continuous waveforms, although it is effective for
impulse waveforms and other waveforms that start and end within a single
frame. Of the outputs provided by the CF-0383 Signal Output Card and the
SG-450 Signal Source Unit, the sine, sine sweep, periodic random and pink
periodic random signals are synced to the CF-350’s sampling clock, so that
the data length is an integral multiple of the signal period, making the
rectangular window the proper choice.

Hanning Window

This is a typical window that is used in applying weighting to continuous
waveforms. It is defined by the following relationship.

2mn
1 — cos — At

w (nlAe) = — (n=0->N-1,N=1024,2048)

In analyzing continuous waveforms, the Hanning window can be used to
reduce the effects of sidelobes (spectral broadening), this window being
particularly effective with respect to high-frequency components.

Fig. 3-11 Hanning Window

By using the Hanning window, the spectral power is reduced, although this
is internally compensated for in the CF-350, so that true values are
displayed.

(¢)  Flat-Top Window

This window is defined as follows.

4
2
w(nAt) = {ao + kz:l a, cos(ﬁn nAt)}

(n =0,1,--- N—1,N=1024,2048)

3-18



Fig. 3-12 Flat-Top Window

Compared to the Hanning window, the frequency resolution is lower, but the
power does not drop, enabling accurate level measurements.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
10kHz A:AC/ 10V B:AC/ S0V [NST 0/18 DUAL 1k

14 a
H
=<
MAG
48
1048/
r L L
-48 — L
0 PWR SP A haen LIN 10kHz

X: S025Hz Y: -.2748

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER

10kHz A:AC/ 10V B:AC/ SOV INST 0/186 DUAL 1k
14
r 1
a
MAG
48
1048/ F
-48
0 PWR SP A fIt LIN 10k Hz
X: 50251z Y: ~-. 1048

20/05/87 10:24

(a) Hanning Window

Fig. 3-13 Window Level Accuracy for a 5020-Hz Sinewave of 0 dB level

(b) Flat-Top Window

20/05/87 10:28

By using the flat-top window, the power of the spectrum is reduced, but this is
internally compensated to achieve a display of true values.

3-19



(d)

Force Window

This is also a rectangular window, but provides a limited window span for
analysis. The function is defined as follows.

1(A=n=B)
w (nAt) =
0(n<A,n>B)

A B

Fig. 3-14 Force Window

Only the portion of the waveform is processed (shaded portion in Fig. 3-14),
with any portions falling outside the window set to zero. The force window is
used in the following cases.

° For analysis of impulse waveforms, to eliminate noise components.
For transfer function measurements using an impulse stimulus, the
stimulus can be measured using the force window and the damped
output waveform measured using an exponential window (described
in the next section).

° When more than two periods of a waveform are included in a single
frame, this window can be used to limit the FFT analysis to a single
period of the waveform.

Note

By using the force window, it is possible to further limit the analysis to a
portion of the actual data length. As is the case with the rectangular
window, when the waveform is not zero at both edges of the window, sidelobe
broadening of the spectrum will occur by virtue of a discontinuity. Also,
since the waveform outside the window is set to zero, the spectrum levels are
lower (there is no compensation for this provided).
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(e)

®

Exponential Window

When an object is stimulated by vibration, in general the response curve
exhibits exponential attenuation (damping). If the waveform does not reach
zero within the analysis window, however, the FFT analysis results will
contain errors caused by a discontinuity, as described in Section 3.9.1. The
exponential window can be used to change the exponential curve slope (by
changing the damping factor), thereby causing the response curve to
attenuate within the window.

1 -—a-

Fig. 3-15 Exponential Window

The setting of this window is made by establishing the ratio (b/a) between
the positive starting level (a) and the final level (b) on the Y axis.

When using the exponential window, the damping factor changes, making
compensation necessary to measure this parameter. Refer to Section 4.1.5
for the method of calculating the attenuation (damping).

[ When the CF-0355 Curve Fitting Software is installed, the
attenuation factor can be internally calculated automatically.

User-Defined Windows

In addition to the above-described windows, it is possible to define the
window arbitrarily. The shape of the window is displayed on the CRT as a
2048-point time waveform. A waveform generated by a computer can also be
set, using the GPIB to input the data. Spectrum level compensation is not
performed.

This function can be used to implement Hamming, Gaussian, triangular
and virtually any other window type.
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<Procedure >

The window is selected by means of soft keys, and the shape of the force,
exponential and user-defined windows must be set up beforehand.

The set windows are stored in individual window buffer memories, so that the
window can be reused even if a window type was changed midway, as long as the
power is not turned off and a system reset is not performed. However, the
exponential window and user-defined window use a common window buffer
memory, preventing simultaneous use of these two window types.

Note

When using the output from the CF-0383 Signal Output Card, the following
automatic window selections will be made, depending upon the signal type

selected.
Swept sine, periodic random, impulse ........ Rectangular window
Random ............. ... ... ... . ... Hanning window

(For information on the CF-0383, Refer to Section 10.)
(a)  Selection of Rectangular, Hanning and Flat-Top Windows

Make the following soft key settings.
<<< MENU A >>>

TRIG | AVERAGE FUNC 1 FUNC 2 | MAS MEM DISK NEXT

MODE SET

OVERLAP LENGTH W SET DELAY | SP ONLY | SOURCE | RETURN

WINDOW SELECT
USER F-F E-E F-E RETURN
a RECT ..... Selects the rectangular window.
b HANN .... Selects the Hanning window.
c FLAT ..... Selects the Flat-Top window.

Note

These windows are selected simultaneously for Ch A and Ch B.
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(b)

Selection of the Force and Exponential Windows

(1) Force Window Setting and Selection

® Press the CH A TIME switch of the DISPLAY group to display the
time axis waveform of Channel A.

®  Set up the trigger (refer to Section 3.10) so that the section of
the waveform to be analyzed is displayed every time at the
same position.

@  Set the PAUSE switch of the COMMAND group to turn it on and
enable the PAUSE condition.

@  Press the ON switch of the SEARCH group to turn it on and use
the left and right switches to move the search point to the desired

window starting point.

@ Press the ASET switch of the SEARCH group to turn it on, at
which point the delta cursor will appear at the search point.

® Move the search point to the desired window ending point.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER

SkHz A:AC/20mV B:AC/ 50V INST 0/16 DUAL 1k
DELTA 4.219mSEC . OmV
20 T v
1
'
1
'
]
t
1
i
Lo 4
M L]
REAL 'ﬂ
mV '
1
1
t
Ll
1
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]
1]
1
1
i
_20 e 1 1 i i 1
TIME A LIN 80mSEC
X: 5.625mSEC Y: .051mVv

Fig. 3-16 Force Window Setting

® Make the following soft key settings.

<<< MENU A >>>

TRIG AVERAGE FUNC 1 FUNC 2 | MAS MEM DISK NEXT
)
MODE SET
OVERLAP LENGTH WINDOW DELAY | SP ONLY | SOURCE | RETURN
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WIND COEFF.SET

 FORCE | EXP USER { DISP | SET .| RETURN

Press the sequence FORCE — SET.

@  Select the set force window. This is done by the following soft key
settings.

WIND COEFF.SET
FORCE EXP USER DISP SET

&
MODE SET
OVERLAP | LENGTH

W SET DELAY | SP ONLY SOURCE RETURN

WINDOW SELECT

RECT HANN FLAT USER E-E - RETURN
a b
a FF ... .. Applies the Force window to Ch A and Ch B.
b FE ..... Applies the Force window to Ch A and the

Exponential window to Ch B.
(2) Exponential Window Setting and Selection

@® Press the CH A TIME switch of the DISPLAY group to display the
time axis waveform of Channel A.

®  Set up the trigger (refer to Section 3.10) so that the section of
the waveform to be analyzed is displayed every time at the

same position.

®  Set the PAUSE switch of the COMMAND group to turn it on and
enable the PAUSE condition.

® Make the following soft key settings.

<<< MENU A >>>
TRIG AVERAGE

FUNC 1 | FUNC 2 |MAS MEM | DISK | NEXT

b
MODE SET

OVERLAP LENGTH | WINDOW

DELAY | SP ONLY | SOURCE | RETURN
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The characters “.0000E + 0%” will appear in the lower part of the
CRT display.

WIND COEFF.SET. -0000E+0%
FORCE USER DISP SET RETURN

When the EXP key is pressed, the number at the left edge will
appear highlighted.

@ Input the window coefficient. This coefficient is input as the final
value (b) as a percentage of the starting value (a).

The format of the display is .0000E+0%. Examples of the
meaning of this format are as follows.

.1000E+2 = 0.1 X 102 = 10%
5000E—1 = 0.5 X 10-! = 0.05%

The maximum setting value is 100% and a setting of 0% will be
automatically taken as the value 1%.

Input the string from the left using panel switches.

® Window Coefficient Setting
GWIND COEFF.SET

FORCE EXP USER DISPLAY

RETURN

b

When the SET key is pressed, the message “BUSY” will appear
flashing on the CRT and after the message disappears the set
curve will appear on the CRT screen along with the flashing
message “set complete.”

RESPONSE 1-3
SkHz A:AC/ 2V B:AC/ 2V S.SUM 8/8 DUAL 1k
+X: 10.625mSEC +Y: 1.1094 V
2
]
r -
mo3f l
REAL
Y
- 4
x 1
..2 i 1 " 1 1 1 A
TIME B LIN 80mSEC
-X: 10.312mSEC -Y: -1.4092 V

Fig. 3-17 Exponential Window Setting
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Notes

1. The exponential window buffer memory is used also as the
buffer memory for the user-defined window, so that if the
user-defined window is set after setting the exponential
window, the exponential window will be deleted. However,
the coefficient will be held, enabling restoration of the
exponential window by simply pressing the SET key.

2. Only the coefficient for the exponential window is stored in
the panel condition memory. Therefore, to recall the

window, recall and then press the SET key.

©  Select the set window by making the following soft key settings.

WIND COEFF.SET

FORCE

EXP USER DISPLAY SET

b

WINDOW SELECT

RECT HANN FLAT USER F-F RETURN
a EE ... .. Applies the Exponential window to Ch A and Ch B.
b FE ..... Applies the Force window to Ch A and the
Exponential window to Ch B.
(c)  Setting and Selection of a User-Defined Window

It is possible to define any 2048 points of time waveform on the display as a
window. When using this function, the same window is applied when the
1024 point analysis data length is selected.

The defined and stored waveform is'written into the window buffer memory,
so that the window can be reused even if a window type was changed
midway, as long as the power is not turned off and a system reset is not
performed. However, the time axis waveform stored as a window cannot be
displayed. This window buffer memory is used in common with the
exponential window, so that selection of the exponential window causes
deletion of the user-defined window. To store the user-defined window, it
can be written onto floppy disk as a 2048-point time waveform. (For
information of the floppy disk drive, refer to Section 7.3.)

3-26



@  Set the analysis data length to 2048 points.

Press the START switch of the COMMAND group to turn it on and
enable the START condition. Then make the following soft key
settings.

<<< MENU A >>>
TRIG AVERAGE

FUNC 1 FUNC 2 | MAS MEM DISK NEXT

)
MODE SET
OVERLAP WINDOW | W SET | DELAY |SP ONLY | SOURCE | RETURN
b
FRAME LENGTH SET
CChAKICchB 2K | DUAL IK RETURN

Since the user-defined window is to be set on Ch A, select Ch A 2K.

@ Press the CH A TIME switch of the DISPLAY group to display the Ch
A time waveform, the waveform to be defined as a window.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
40kHz A:AC/ 1V B:AC/0.2V INST 0/16 ChA 2k

+X: 10.166mSEC +Y: .9901 Vv

1 T v v T T T -

REAL
v

x1

TIME A LIN 20mSEC
=X: 19.980mSEC -Y: ~-.0266 V

Fig. 3-18 User-Defined Window Setting
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@  Set the displayed waveform as a window by making the following soft
key settings.

<<< MENU A >>>
TRIG AVERAGE

FUNC 1 FUNC 2 | MAS MEM DISK NEXT

&>
MODE SET

OVERLAP LENGTH WINDOW

DELAY | SP ONLY SOURCE RETURN

WIND COEFF.SET
FORCE EXP

DISP

RETURN

Input the sequence USER — SET. The message "set complete” will
appear on the CRT display.

@ Select the User-Defined Window

WIND COEFF.SET
FORCE EXP USER DISP SET

b
MODE SET

OVERLAP LENGTH

W SET DELAY | SP ONLY | SOURCE | RETURN

WINDOW SELECT
RECT HANN FLAT

F-F E-E F-E RETURN

(d)  Monitoring a Windowed Waveform

Make the following soft key settings.

WIND COEFF.SET
FORCE EXP USER

SET RETURN

b

When the DISP key is on, and the time-axis waveform is displayed, the
screen will show the waveform after application of the window.
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3.10 Trigger Function
3.10.1  Trigger-Function Concept

The trigger function enables the sampling of a signal to be started at a desired
point on the input signal or at the instant that an external signal is received.
When the input signal itself is used to trigger the start of sampling, the triggering
is known as internal triggering, in which the trigger is applied when the input
signal reaches a set level. The other type of triggering--external triggering uses an
externally applied signal to start the sampling.

This trigger function can be effectively employed to capture and analyze just the

desired portion of signal and is additionally useful in syncing the signal on the
screen when performing averaging.

(a) When the triggering function is not used, capture of
one-time events is impossible

e b

(b) By using the triggering function it is possible to sync at
the desired position on the display.

Fig. 3-19 Trigger Function
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3.10.2 Trigger Function Settings
Using the CF-350, the following trigger function settings are available.

@® Trigger Source .. ... This is the selection of either internal or external
triggering. With internal triggering, when either
the Ch A or the Ch B input signal reaches a set
voltage level, the trigger is applied and sampling is
started. For external triggering, an external pulse
signal applied at a rear-panel connector is used as
the timing reference for the start of sampling. The
external trigger signal can be monitored.

1 TRIGGER POINT | TRIGGER POINT
¥ |
I

o~~~

————————————— TRIGGER LEVEL

TRIGGERLEVEL ~——— 44—+ —— — — — — — — —

EXTERNAL TRIGGER SIGNAL

(a) Internal Triggering (b) External Triggering

Fig. 3-20 Trigger Signal Source

@ Trigger Polarity ... Thisis the selection of triggering on either the rising
edge (+) or the falling edge (—).

1 TRIGGER POINT
]

TRIGGER POINT

|
|
j
|
|
1
|
t
[

TRIGGERLEVEL  TRIGGER LEV;/\]
| TRIGGER POINT
1
/\/\/\/vz\/\/\'\,
|

[

EXTERNAL TRIGGER  gXTERNAL TRIGGER
SIGNAL SIGNAL

(a) Rising-Edge Triggering (b) Falling-Edge Triggering

Fig. 3-21 Trigger Polarity

3-30



@  Trigger Position ...

TRIGGER POINT

This is the setting of the start of sampling in terms of
points before or after the trigger point. Starting the
sampling before the trigger point is known as pre-
triggering and starting the sampling after the
trigger point is known as post-triggering. The
distance before the trigger point can be set up to
65,536 (64 frames from the 1024 point of analysis
data) in 1-step increments, and the distance after the
trigger point can be similarly set up to 65,536 point
in 1-step increments.

TRIGGER POINT START OF SAMPLING

TRIGGERLEVEL [—— —

N\

|

I
START OF SAMPUING [~ ¢
|
|
I
|
]
|
Il

|
|
!
\./'\' :
:
|
1
|

TRIGGER POSITION

(a) Pre-Triggering

TRIGGER POSITION

(b) Post-Triggering

Fig. 3-22 Trigger Position

@  Trigger Level ......

TRIGGER POINT

TRIGGER LEVEL

(a) 25.0% Trigger Level Setting

This is the setting of the level at which the trigger is
applied (i.e, at which the sampling starts). The
setting can be made with a resolution of +1/128 of
the voltage full-scale range value. For external
triggering, with a full scale of £5 V, the input
sensitivity is 0.6 Vp_p.

TRIGGER POINT

TRIGGER LEVEL

(b) 75.0% Trigger Level Setting

Fig. 3-23 Trigger Level
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® Trigger Type ...... Selection is possible of single, repeated or one-shot

triggering. In the single trigger mode, the analyzer

captures one frame when the trigger is applied and
then goes into the waiting state.

In the repeated

triggering mode, each time the trigger is applied, 1

frame of data is captured and a trigger occurring
during the sampling process is ignored. In the one-
shot mode, when the trigger is applied, 1 frame of
data is captured and the free trigger (non-triggered

condition) is enabled.

<Procedure >

(a)  Selection of the Trigger Signal Source

The trigger signal source can be selected as the input signal applied to either

ChAorChB.

In the initialized state, Ch A is selected as the trigger signal source.

Make the following soft key settings.

<<< MENU A >>>

AVERAGE MODE FUNC 1 | FUNC 2 | MAS MEM DISK NEXT
. .
TRIGGER SET
| SLOPE POSIT LEVEL SELECT RETURN
t
TRIGGER SOURCE
| VIEW A | VIEW B RETURN
a b c
a ChA ......... Selects the Ch A input signal.
b ChB ......... Selects the Ch B input signal.
¢ EXT ......... Selects external triggering using a signal applied at

a rear-panel connector.
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External Trigger Signal Input

@

The external trigger signal is applied at a rear-panel BNC input connector

provided for this purpose. The input specifications are as follows.

Maximum input frequency 100 kHz

Maximum sensitivity 0.5V,

Maximum trigger level 5V

Input impedance Approx. 100 kQ

Maximum allowable input voltage 100 Vs for 1 minute

il ‘ ®
T 1neuT [ ee-10
EXTERNAL TRIGGER | S
SIGNAL INPUT CONNECTOR S =
Y =
©
2 1YR=-p{780)
External Trigger Input Monitor

The waveform of the trigger signal applied at the external trigger input
connector can be monitored on the CRT screen of the CF-350.

To do this, make the following soft key settings.

TRIGGER SOURCE

Ch A Ch B EXT RETURN
a VIEWA ... ... Monitors the external trigger signal on Ch A.
b VIEWB ...... Monitors the external trigger signal on Ch B.
Note

When the external trigger signal is being monitored, the internal test signal
is automatically turned off.
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(b)  Selection of the Trigger Polarity

The trigger can be applied on the rising edge (+) or on the falling edge (—),
as selected. In the initialized state, the setting is rising edge (+).

Make the following soft key settings.

<<< MENU A >>>
AVERAGE MODE FUNC 1 FUNC 2 | MAS MEM DISK NEXT

b
TRIGGER SET

POSIT LEVEL SELECT RETURN

RETURN

a + Selects rising edge.

b - Selects falling edge.

(¢)  Selection of Trigger Position

The starting point for sampling can be set as a position with respect to the
trigger point. The setting is a value in the range — 65,536 to + 65,536.

In the initialized state, the setting is — 128 point (i.e., pre-triggering).

@® Display the time waveform selected as the trigger source.

@ Make the following soft key settings.
<<< MENU A >>>

MODE FUNC 1 FUNC 2 | MAS MEM DISK NEXT

TRIGGER SET
SOURCE | SLOPE

LEVEL SELECT RETURN

TRIGGER POSITION -00128

RETURN

The cursor will appear on the display. Make the setting as a value or
using the cursor position. The methods are described below.
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Numerical Setting Method

Press the NUMERIC key and then make the value input using the front-
panel numeric keys.

Press the SET key to complete the setting. When this is done, the cursor will
move to adjust its position to the setting.

Cursor Setting Method

Use the up and down switches of the SEARCH group to move the cursor.
Press the up and down switches to move the cursor to the left and the right,
respectively. The cursor position will be displayed numerically.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
10kHz A:AC/ 20V B:AC/ 20V INST 0/16 OUAL 1k

X 4.375mSEC *Y: 11.876 V

20

1
-20 a

TIME A LIN 40mSEC
b4 4.922mSEC Y -11.433 v

-00113

Fig. 3-24 Trigger Position Setting

(d)  Setting of the Trigger Level
The trigger is set as a voltage level.
In the initialized state, the setting is 0.0%.
@ Display the time waveform selected as the trigger source.
@ Make the following soft key settings.

<<< MENU A >>>
1 AVERAGE MODE FUNC 1 | FUNC 2 |MAS MEM DISK NEXT

b
TRIGGER SET

SOURCE | SLOPE POSIT

SELECT RETURN

TRIGGER LEVEL

RETURN

The horizontal cursor will appear on the display.
3-35



@ The trigger level is indicated by the displayed horizontal cursor.

Use the up and down switches of the SEARCH group to move this
cursor up and down while observing the waveform to set the proper
trigger level.

To check the trigger level, use the LEVEL % that is displayed on the
right edge of the screen.

Note

This cursor is not displayed if X-axis expansion is being used.

CF-350 PORTABLE DUAL CHANNEL FFT ANALYZER
10kHz A:AC/ SV B:AC/ 20V INST 0/16 DUAL 1k

*X: 4.375mSEC *Y: 11.876 V

20

|« R
REAL
’ v

x1

TIME A LIN 40mSEC
=X 4.922mSEC =Y: -11.433 V

46.9x

Fig. 3-25 Trigger Level Setting

(e)  Selection of the Trigger Type

The trigger type can be selected as repeated, single or one-shot. In the
initialized state, the repeated triggering mode is selected.

Make the following soft key settings.

<<< MENU A >>>
AVERAGE MODE FUNC 1 FUNC 2 | MAS MEM DISK NEXT

b
TRIGGER SET

SOURCE SLOPE POSIT LEVEL RETURN
lar
TRIGGER SELECT
CANCEL RETURN
a b c
a REPEAT ..... Selects the repeated triggering mode.
b  SINGLE ...... Selects the single triggering mode.
¢ ONEshot ..... Selects the one-shot triggering mode.
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Execution of the Triggering Function
Press the TRIG panel switch to turn it on.

When the trigger signal reaches the trigger level, the TRIG'D LED will
light.

For the single triggering mode, each time the SINGLE key is pressed, the
ready (waiting) condition will be enabled (thus arming the analyzer and
ready it for a trigger).

In the one-shot triggering mode, when the trigger occurs, the free trigger

condition is enabled and each time the ONE shot key is pressed, the ready
condition is enabled.
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3.1

3.111

Overlap Setting
Real-Time Analysis

In real-time analysis, data is continuously FFT analyzed with neither overlap of
windows nor missed portions due to spacing between windows.

In the CF-350, when sampling of the signal’s analysis data length (1024 or 2048
points) is performed, an FFT analysis then performed on the sampled data. During
the analysis process, data is again captured, enabling immediate analysis after the
first analysis is completed. Therefore, as can be seen from Fig. 3-26, real time
analysis is performed when the time required for sampling is the same as the FFT
analysis time (including the time required for display). However, if the sampling
time is shorter than the analysis time, there will be missing portions of the signal,
as shown in Fig. 3-27. If, on the other hand, the sampling time is longer than the
analysis time, there will be overlap between neighboring windows, as shown in
Fig. 3-28.

A/\,\/\/\/\ /\ﬁ/’\/\/\&j\ﬁ./\)\/\/\
AV 4 v v \V4

|
I
SAMPLING A FFT CALCULATION
|
|
|
\

SAMPLING FFT CALCULATION

(____*——_;__

FFT CALCULATION

]
|
|
|
|
|
|
A
|
|
SAMPLING * FFT CALCULATION
1
|
!
\ SAMPLING

PSRN, S NP —

SAMPUNG

N e S

Fig. 3-26 Real-Time Analysis
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Fig. 3-28 Overlap Between Windows

In the CF-350, real-time analysis is performed in the 2-kHz range. At lower
ranges, overlap processing occurs, and at 5-kHz and higher ranges data is missed
between windows.

Note
To perform analysis of data at 5 kHz or higher without missing data portions, the

data can be first stored in the time record memory and then played back for
subsequent analysis.
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3.11.2

Setting the Amount of Overlap

At frequency ranges of 2 kHz and lower, it is possible to adjust the amount of
overlap between adjacent windows. The overlap can be set to maximum, 50% of the
frame or absolutely no overlap.

Note

When the trigger function is being used, overlap processing is not possible. After 1
frame of data is analyzed, the wait condition is entered.

<Procedure>

In the initialized condition, the overlap setting is MAX.

Make the following soft key settings.

<<< MENU A >>>

TRIG | AVERAGE FUNC 1 FUNC 2 | MAS MEM DISK NEXT
t
MODE SET
LENGTH | WINDOW | W SET DELAY | SP ONLY | SOURCE | RETURN
t
OVERLAP SET
RETURN

Sets the maximum overlap.

Sets the overlap to 50% of a frame.

Sets the overlap to zero.
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3.12

3.12.1

3.12.2

3.12.3

Reducing the Processing Time

By performing only a single processing function and inhibiting others, it is possible
to shorten the processing time. This can shorten the averaging time, increase the
real-time range and increase the speed of GPIB data transfer. There are three
modes available, as described below.

Time-Only Mode

In this mode, only signal capture and time waveform display, with FFT and all
other processing and display functions inhibited.

In this mode, the time waveform is stored into the CRT block memory using
autostore, enabling continuous, high-speed storage. (Refer to Section 7.1.2 for
information in this autostore operation.) The stored waveform can be FFT
analyzed by specifying mass memory as the analysis signal source (Refer to
Section 7.4). When using this in combination with the display-inhibit function, it
is possible to perform continuous capture of time-axis waveforms up to the 20-kHz
range without losing data. This mode also increases GPIB transfer speed.

Spectrum-Only Mode

In this mode, only time waveform display, FFT analysis and power spectrum
display are performed.

Display-Inhibit Function

When averaging performed, this function inhibits the display of intermediate
results, so that only every other result or just the final results are displayed. In
addition, this function enables inhibit of the display for except whenever the

PAUSE switch is pressed. For the operating procedure, refer to Section 6.9.

Table 3-3 shows the processing times with the time-only mode and display-inhibit
function on and off.
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Spectrum- Display- Prgcessi;lg
No.of spectrum| sveraging only inhibit time (ms

lines mode function Normal High-precision

mode mode

OFF OFF 198 1064

OFF OFF ALL 197 940

ON OFF 185 853

ON ALL 184 727

100 OFF OFF 328 1546

OFF ON 198 1408

AVG OFF 1/2 263 1477

SUM ON OFF 253 1096

ON ON 186 363

ON 1/2 220 1030

OFF OFF 348 1194

ALL 263 373

800 OFF 432 1428

:é; ON 264 1208

1/2 348 1318

1/2:

ALL:
ON:

*  For single-frame display of the test signal.
1 Average, SUM: summation average.
Display-inhibit function

Inhibit all display update.

Inhibit update during averag-
ing
Update every other pass (the
processing time is the average
of the processing times with
the function on and off.)

*  For an 800-line resolution, cross modes such as the cross spectrum
and transfer function are not performed, so that there is very little
difference whether or not the spectrum-only mode is on or off.

Table 3-3 Processing Times with the Spectrum-Only Mode and

Display-Inhibit Function On and Off
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<Procedure>
(a) Time-Only Mode

Make the following soft key settings.

<<< MENU B >>>

DISPLAY UNIT VIEW TIMER | SEQUENC | PLOTTER NEXT
CONDITION SET

CONDIT POL.CHG | SEARCH | HI PREC RETURN
TIME ONLY MODE

OFF RETURN

(b)  Spectrum-Only Mode
Make the following soft key settings.

<<< MENU A >>>

FUNC 1 FUNC 2 | MAS MEM DISK NEXT

TRIG | AVERAGE

t
MODE SET
OVERLAP | LENGTH | WINDOW | W SET DELAY RETURN
SPECTRUM ONLY
A weight V2 RETURN
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3.13

Delay Function

In performing transfer function measurements on mechanical and other systems, if
the propagation time through the system is long, resulting in a time delay between
the input and the output of the system, accurate transfer function measurement
will not be possible. The delay function provides the ability to insert a delay
between the two channels of the analyzer, thereby delaying Channel B with
respect to Channel A to compensate for this delay.

The Channel B delay can be set up to 65,536 points from the sampling starting
point, in 1-point steps.

chA 4&— t

chB

kA0

DELAY

Fig. 3-29 Delay Time

In addition, the following functions are available.

Time Record Memory Playback Delay

It is possible to delay waveform data when playing it back from time record
memory. When doing this, playback of Channel B starts first, followed by playback
of Channel A after the set number of points. (Refer to Section 7.2.2 (c).)

Phase-Delay Compensation

For the transfer function of an already-captured signal, it is possible to delay
Channel B with respect to Channel A by some time expressed in seconds. (Refer to
Section 5.8.6.)
<Procedure>

Make the following soft key settings.

<<< MENU A >>>

TRIG | AVERAGE

FUNC 1 FUNC 2 | MAS MEM DISK NEXT

&

MODE SET

OVERLAP LENGTH WINDOW | W SET

SP ONLY | SOURCE RETURN
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CH A-CH B DELAY

+00000

RETURN

Press the NUMERIC key.

Use the front-panel numeric keys to set the number of points and then press the
SET key to complete the setting procedure.

The phase-delay compensation function is enabled by activating the ON key.
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3.14

3.141

3.14.2

3.14.3

Time-Interval Function

This function enables a time interval to be inserted between different processing
functions. This delay can be set in the range 1 to 9999 seconds.

Interval Between 3-Dimensional Displays

When generating a 3-dimensional display, if the time-interval function is turned
on, a line will be displayed every set time interval.

Autostore Time Interval

When performing autostore to the CRT block memory or to the floppy disk drive, if
the time-interval function is turned on, a frame will be stored every set time
interval. For the autostore operation to the CRT block memory, refer to Section
7.1.2, and for information on autostore operation to floppy disk, refer to Section
7.3.3 (b).

Note

The set interval is the time between the beginning of one function and the
begmnmg of the next function. For example, when performing averaging, the
interval is the time between the beginning of one average (following by a stored)
and the start of the next average. Therefore, if the time required for the averaging
and storage is longer than the set interval, the interval is invalid and has no effect.

----{ AVERAGING |STORE}--------- ! AVERAGING |STORE|------

o TIME INTERVAL -~~~ -

Autosequence Time Interval

If the time-interval function is used in combination with the autosequence
function, it is possible to insert a time interval between autosequence steps. The
interval can be inserted between all steps or between only selected steps. For the
setting method, refer to Section 8.2.6 (c).
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<Procedure >
First, place the analyzer into the PAUSE condition.
Then, make the following soft key settings.

<<< MENU B >>>
DISPLAY UNIT VIEVW

PLOTTER COND NEXT

TIME CONTROL
TIM SET

RETURN

b
INTERVAL SET 0001SEC

'RETURN

by
Press the SET ON key.

Use the front-panel numeric keys to input the time interval.

Press the SET key to complete the setting.

When the INT ON key is activated, the interval will be inserted, in which case the
clock display at the lower part of the CRT display will be highlighted.
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3.15 Order Ratio Analysis

3.15.1  External Sampling Clock
In addition to the internal sampling clock of 2.56 the frequency range, the CF-350
can perform sampling of data using an externally applied pulse signal as the

sampling clock.

External Sampling Input Specifications

Input level TTL level (low-to-high transition edge)
Fan-in 1TTL load

Maximum input frequency 102.4 kHz

Maximum allowable input 100 Vac rms for 1 min. (at 50 Hz)

3.15.2 Order Ratio Analysis

When sampling with an external sampling clock, the spectrum obtained by
performing an FFT analysis on the sampled data has an X axis that represents not
frequency, but rather order. The order ratio analysis function is used chiefly in the
analysis of vibration and noise characteristics in rotating machinery such as
engines and motors.

(a) Rpm Order Ratio Analysis
Rpm order ratio analysis is a technique used in analysis of the vibration and

noise characteristics of rotating machinery. It performed by using the pulse
signal from a detector mounted to a rotating member as the external

sampling clock.
SLOW ROTATION
A
ROTATIONAL PULSE
sampung LU L L Lo ottt bbbt teitliaetal [EEEEEEEE] I 1 1 1 | S IS W
| —
PULSES | TIME PULSES ! ROTATIONAL PULSE

! | FASTROTATION

ANV VAN
VN Y Y

ONE ROTATION

—~

(a) Internal Sampling Clock (b) External Sampling Clock
(No. of pulses per (P samples per
revolution depends revolution even if
upon the rpm.) the rpm changes.)

Fig. 3-30 Sampling Clocks
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In performing frequency analysis, a 1-Hz component completes one cycle
(period) in 1 second. In contrast to this, with rpm order ratio analysis, the
1st order refers to that component which goes through one period for each
revolution. Similarly, the 2nd order component is the component which
completes two periods for each revolution--two times the 1st order
component. In order to establish the reference of per revolution, it is
necessary to synchronize the data sampling to the rpm. As can be seen from
Fig. 3-31, with the internal sampling clock as the rpm changes the number
of sampled points per revolution changes. If sampling is synced to rpm,
however, using a rotational pulse, the number of sampled points per
revolution remains constant.

For example, for a body rotating at 600 rpm, the 1st order frequency is as
follows.

600 pm
60

= 10Hz

The 2nd order frequency would then be 20 Hz. If the rpm rises to 700 rpm,
the 1st order frequency is 11.7 Hz and the 2nd order is 23.3 Hz.

Thus, while the frequency changes as the rpm changes, if normalization in
terms of order is performed, the influence of changing rpm is eliminated,
thereby facilitating the observation of individual components.

(a) Rpm Order Ratio Analysis (b) Frequency Analysis

Fig. 3-31 Rpm Order Ratio Analysis and Frequency Analysis

In Fig. 3-31 (b), as the rpm is increased, it can be seen that the frequency
components in the 3-dimensional display also increase. In Fig. 3-31 (a),
however, with normalization to order rather than frequency, the order
remains constant as the rpm changes.
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(b)

Rpm Tracking Analysis

One application of rpm order analysis is rpm tracking analysis. In rpm
tracking analysis, the level variations of a given order component are traced,
enabling determination of what components are related to resonances at
given rpm speeds and determination of what multiples of rpm speeds (i.e.,
what orders) exhibit resonances.
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