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DEFINITIONS 

Flutter:    A dimensionless factor describing an effect due to the difference between the instantaneous 
tape speed during recording and the instantaneous tape speed during playback. 

Interchannel time displacement error (ITDE):   Relative time error between two tracks of a multi- 
track magnetic tape recorder. 

Differentiated Interchannel time displacement error (DITDE):   Derivative of ITDE with respect to 
time.   Gives difference frequency between same signal on two tracks of a multitrack magnetic 
tape recorder. 

Time base error:   In analog instrumentation magnetic tape recording, the total time error of a play- 
back signal with respect to a relatively error-free reference. 
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SUMMARY 

This report presents the results of a study on the flutter, servo, and interchannel time displace- 
ment error characteristics of analog magnetic tape recorders. The main conclusions are that the flutter 
spectrum of a crossplay between two tape recorders can be predicted if the flutter characteristics of 
each tape recorder are known, and that many tape recorders have underdamped servo systems that 
cause some flutter components to be amplified in the tape servo mode. 
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PRECEDIMJ tm BLAMUNDT FIIMED 

INTRODUCTION 

The work reported herein was conducted under AIRTASK A5355352 054D 5W47410030, Mis- 
sile Flight Evaluation Systems, and work unit A535210000002, Range Telemetry Support, which was 
established to provide technical support to the Telemetry Group of the Range Commanders Council. 

The primary purposes of this study were to determine the power spectral density of flutter in 
an analog instrumentation magnetic tape recorder and to try to predict the resultant flutter spectrum 
when a tape is recorded on one tape recorder and reproduced on another tape recorder.   The tape 
recorder flutter experiment consisted of recording tapes on each of six tape recorders (designated A, 
B, C, D, E, and F) and reproducing each of these tapes on each of the six tape recorders.   E^ch of 
the tape recorders was a different model and three different manufacturers were represented in the 
sample.   The flutter output of each of these playbacks was recorded for later analysis.   Plots were 
then made of the power spectral density of the flutter.   Samples of these plots and the results of 
their analysis are presented. 

The tapes were played back in both tachometer and tape servo mode on the four tape recorders 
which had tape servo capability (recorders A and D did not have tape servo capability).   The servo 
responses of these four tape recorders were measured and are presented.   The interchannel time dis- 
placement error (ITDE) was measured and differentiated (DITDE) with respect to frequency for these 
four recorders.   DITDE is proportional to the instantaneous difference frequency between the outputs 
of the two tracks on which the same signal has been recorded. 

FLUTTER TEST PROCEDURES 

First, the following information was recorded on 9,200-foot reels of 1/2 inch degaussed virgin 
tape at 60 ips (inches per second) for each of the six tape recorders (see figure 1): 

Track 2 - 108 kHz sine wave from a MICOM 8300W flutter meter at 13 decibels (dB) above normal 
record level (for best noise performance*).   The MICOM 8300W includes a stable oscillator; a 
high-quality, phase-lock discriminator; a statistical volmeter; and a wave analyzer. 

Track 4 - IRIG B timing. 

»Secretariat, Range Commanders Council, White Sands MissUe Range.  Test Methods for Telemetry Systems and Sub- 
systems by the Telemetry Group Inter-Range Instrumentation Group.   White Sands, NM, Revised July 1975 
(Document 118-73) UNCLASSIFIED. 
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Track 6-100 kHz reference signal (for only the four machines having tape servo systems). 

Tracks 1, 3, 5, 7 - No signal recorded. 

108 kHz 

IRIG B 

100 kHz REFERENCE 

TRACK 2 
TAPE RECORUER 

60 IPS 
TRACK 4 

TRACK 6 

Figure 1.   Setup for Recording Flutter Tapes. 

Each of these six test tapes was then reproduced on all of the six tape recorders, using the set- 
up shown in figure 2.   Sections of approximately 2 minutes duration at the 10, 50, and 90 percent 
locations of each of the reels of tape were recorded on a second tape recorder and will be referred 
to as the data tapes.   The four tapes with the recorded 100-kHz reference signals were also played 
back in the tape servo mode on the four recorders equipped with this feature.   This gave 108 two- 
minute segments in the tachometer mode, and 48 two-minute segments in tape servo mode.   The test 
tapes were processed as follows.   The flutter meter sensitivity was set at 0.03 percent and the low- 
pass filter was set at 20 kHz.   The voltage-controlled oscillator (VCO) was set to a center frequency 
of 225 kHz and the deviation sensitivity was set at approximately 84 kHz/volt.   Both a DC and an 
AC calibration of the VCO were recorded on the data tape.   TI;'; DC calibration levels were -0.8V, 
0V, and +0.8V, which set the VCO to 157.5 kHz, 225 kHz, and 292.5 kHz, respectively.   The AC 
calibration consisted of a 118 mV (millivolt) rms (root mean square) (or 333 mV peak-to-peak) sine 
wave at a frequency of 1 kHz.   This is equivalent to a 0.035 percent rms (or 0.1 percent peak-to- 
peak) flutter reading, because the flutter meter delivers a 100-mV, peak-to-peak signal when the peak- 
to-peak flutter equals the selected sensitivity. 

i 
TAPE RECORDER 

60 IPS 
FLUTTER METER 

O   O- 

\ 

1 kHz OSCILLATOR 

225 kH? VCO 

REAL TIME IRIG B 

y± 
TAPE RECORDER 

30 IPS 

I 
AMPLIFIER 

Figure 2.   Setup for Recording Flutter Test Tapes. 

SäSMäBS,. .,.. -.„■ -.„•-i-u^iwsaSJu-atou.. . . ..   , .,  *,.M*mJ&, 

: 4 



y-g-.^ -   ■-^-■^? liipii.^-y^^-TTO-p, 
■fs* 

IIWUIillHH 

v    -   ;• 

FLUTTER ANALYSIS PROCEDURES 

The data tapes were plotted for analysis as shown in figure 3. The EMR 410 discriminator was 
set to a center frequency of 225 kHz, with peak deviation set to 90 kHz and the low-pass filter set at 
40 kHz. 

• 

TAPE RECORDER 
30 IPS 

I 
DISCRIMINATOR 

225 kHz±40 PERCENT 

I 
SPECTRUM 
ANALYZER 

n 
X-Y PLOTTEF 

1 
OSCILLOSCOPE 

Figure 3.   Setup for Recording Power Spectral Densities. 

! 

The EMR 1510 spectrum analyzer samples the input signal and calculates a 256-point power 
spectrum using a 1,024-point discrete Fourier transform.   The analysis bandwidth, full-scale amplitude, 
number of spectra averaged, and windowing function (either rectangular or Hanning) are all selectable. 
Four analysis bandwidths (25.6 Hz, 256 Hz, 2.56 kHz, and 25.6 kHz) were used in this study (see 
table 1) and the Hanning window was always selected.   The Hanning window weights the Xnth data 
point as follows: 

Xn (out) 
P ne 2IT (n-l/2)\ 

0.5 - 0.5 cos       .      ' 
[ \    1,024    / 

Xn (in); 1 <; n < 1,024 

Table 1.   Spectral Analysit Parameters 

Anaiytit 
Bandwidth 

Filter Equivalent 
Noise Row* 
Bandwidth 

(Hertz) 

Number of 
Spectra 

Averaged 

95 Percent 
Confidence Limits of 

Spectral Accuracy 
(Random Data) 

(Decibels) 

Full-Scale 
Amplitude 

(Volts) 

25.6   Hz 
256       Hz 

2.56 kHz 
25.6    kHz 

0.15 
1.5 

15 
150 

4 
32 

128 
128 

+3.4,   -5.7 
+1.4,   -1.7 

+0.72, -0.76 
+0.72, -0.76 

3.16 
3.16 

10.0 
10.0 
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The X-Y plotter was calibrated using the spectra" of the AC calibration signals.   The vertical 
calibration was 10 dB/inch, while the horizontal cb'ibration was the analysis bandwidth equals 10 
inches.   The plots were calibrated so that full scale equaled 0.08 percent rms flutter for the 25.6 Hz 
and 256 Hz spectra and 0.25 percent rms flutter for the 2.56 kHz and 25.6 kHz spectra.   Figures 
4 and 5 show the typical spectrum of the AC calibration signals in a 2.56 kHz and a 25.6 kHz 
bandwidth.   All spurious spectral components are more than 70 dB below I percent rms flutter, 
which verifies the fact that no significant error was added by recording on the second tape recorder. 
The flutter spectra are analyzed in appendix A. 

RECORDER TRANSPORT SERVO RESPONSE PROCEDURE 

The tape transport servo response was measured using a method proposed in an informal mem- 
orandum by Dr. M. H. Nichols.*   Figure 6 shows a block diagram of the measurement method.   The 
100-kHz reference signal was frequency modulated by a sinusoid and recorded on a tape.   This tape 
was then reproduced in the tape servo mode.   The reference output was applied to a discriminator 
and then to a spectrum analyzer.   The ratio of the output in tape servo mode to the output in ta- 
chometer mode was the measure of how well the servo system performed at that frequency of flutter. 
The measured servo responses of the four tape recorders are presented in figure 7.   All four servo 
systems are shown to have regions of flutter frequency where the servo system amplifies the modu- 
lating frequency. 

In this study, the peak deviation of the 100-kHz VCO was 50 Hz for three of the recoiders and 10 
Hz for recorder B.   At higher peak deviations, all the servo loops broke into severe oscillation (at some 
modulation frequencies) for all tape recorders used.  For example, figure 8 shows the flutter spectrum of 
recorder B with a 150-Hz modulating frequency and a peak deviation of 50 Hz. With this combination, 
the servo loop of B was unstable, and this caused the large low-frequency components, therefore a lower 
peak deviation had to be used.  Normally, the 150-Hz component would be the largest component.  This 
and the fact that the underdamping of the servo loop increases the amplitude of certain flutter compo- 
nents (see servo response curves and appendix A) strongly suggests that either the tape servo mode should 
be used very cautiously or servo systems should be readjusted for critical damping. 

INTERCHANNEL TIME DISPLACEMENT ERROR PROCEDURES 

The setup for the test is shown in figure 9.   A 100-kHz sine wave was recorded on both track 
2 and track 6.   T;i: was done for the four tape recorders that had the tape servo feature.   These 
tapes were then reproduced on all four tape recorders.   A signal proportional to the phjise difference 
of the two 100-kHz signals was then derived (see appendix B) and differentiated to give the DITDE 
signal.   This signal was passed through a 2 kHz low-pass filter and then used to modulate a 225-kHz 
VCO.   The VCO output was recorded on a second tape recorder as in the flutter tests.   The data 
tape playback procedure for the DITDE was the same as for the flutter (figure 3).   The DITDE 
spectrums are presented in appendix G. 

"Consultant, Del Mar, California. 
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Figure 6.   Setup for Servo Response Test. 
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Figure 7.   Tape Recorder Servo Responses. 
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RESb   «S 

The results of the tests are as follows: 

1. The low-frequency flutter components of the tape recorders tested were narrow-band sinusoidal 
processes, while high-frequency components were relatively wide-band random processes (see 
appendix A). 

2. The servo systems of the tape recorders used in this study were all underdamped.   This caused 
some flutter components to be amplified rather than attenuated in the tape servo mode. 

3. Interchannel time displacement error does not appear to be a large contributor to total flutter 
in the tape servo mode (see appendix A). 

4. Recordings made using brand x tape appear to have 1 to 3 db more high-frequency flutter power 
than those made using brand y tape (see appendix D). 

5. Two different recorders of the same model can have significantly different flutter spectra (see 
appendix E). 

CONCLUSIONS 

1. The flutter spectrum resulting from a crossplay using two tape recorders can be predicted fairly 
well if the flutter spectra of each machine are known and it is known which components are 
record processes and which are reproduce processes. 

2. There is a need for standard test procedures to measure tape recorder servo system response. 

iMWiii I 
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APPENDIX A 

ANALYSIS OF FLUTTER AND DITDE SPECTRA 

The Hutter spectra of all six tape recorders used in this study are presented in annendix F 
Analys« of these spectra shows that most of the spectral components   rw^prolS^^ 
are sinusoidal and the high-frequency components are random.   Since the sum of serndLeoendent 

iri nHds :r;d a•nor^la, probabi,ity "^function ^* ^ ZoLTl 511" 

Figure A-2 shows the low-frequency flutter spectrum recorder of A at the beginnine and the 
middle of the reel of tape recorded and reproduced on A.   The spectrum at the enTof he L 
was very similar to the spectrum at the beginning of the tape in this case.   CZ sp^L L 

pTslÄThe0   5^ t ^^V^ ™ ^ " the ^ ^ ^3^^ 
Tt the middle of th "        T* T dUe t0 the Upper reel rate of U revo,utio^ P^r second. At the middle of the tape, the upper and lower reels both rotate at about 1.9 Hz    The only fre 

cq
0

U:;CoyneCn0rnentS    ^ ^ ^ ^^ ^ ^ ^ 0f ^ ™* the very-lo^equtcy 

Figures A-3 through A-9 show that some flutter components were record phen rniena (occurred 
only on reproductions involving the tape recorded on a certain machine), some were Zodu« phe 

bTnTo: Ä ro   y IT ^ WaS rePr0dUCed 0n a Certain maCh^' and -ewe a cot bination of both (occurred whenever a tape was recorded or reproduced on a certain machine). 

Figures A-3 and A-4 show that the crossplay spectra of A and B overlaid on the spectrum of 
A.   Those overlays show that A had large combination components at 15, 30. and 45 ^2 
record components at 60, 75. and 90 HZ; and large reproduce components ^105, 135   ISoTsO 

^ , I,™'       ^      ^ t0 ^ a Iarge combination component at 16.7 Hz (the capstan rotation 
Hz    All ofth^H     e C0Tnent at 50 HZ; and lar8e record comPone"^ « 133, 233  and 250 Hz.   All of the above recorder A components are at multiples of 15 Hz and all of the above re 
corder B components are at multiples of 16.7 Hz. 

i 
! r 

Hoel, Paul G.   Introduction to Mathematical Statistics.   Wiley, New York. 1971. 
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Figures A-5 and A-6 show the crossplay spectra of C and D overlaid on the spectrum of D. 
These figures show that D had large components at 150, 165, and 180 Hz that were mainly due to 
record phenomena.   They also show that C had large combination effects at 5 and 20 Hz.   Figure 
A-7 is an overlay of F record with D reproduce spectrum on the spectrum of D.   This shows that 
the component at 165 Hz was a large reproduce component whereas the 150 Hz component was 
still a record component for this combination. 

Figure A-8 consists of two overlays:   the C record with the B reproduce spectrum overlaid on 
the C spectrum and the B record with C reproduce spectrum overlaid on the B spectrum.   This fig- 
ure shows that B had a large record component at approximately 13 kHz and a large combination 
component at approximately 9 kHz.   The C had large record components at approximately 14 kHz 
and 8 kHz (crosstalk with 100-kHz reference signal).   The C also had large reproduce components 
at 1.3 and 2.1 kHz. 

Figure A-9 shows the C and E crossplay spectra overlaid on the E spectrum.   This figure shows 
that the E had a reproduce component at 11 kHz and a record component at 13 kHz.   It also 
shows the C record component at 14 kHz. 

Figures A^IO and A-ll are overlays of B flutter spectra taken using the same recorded tape but 
played back 7 months apart.   Figure A-10 shows that the high-frequency flutter components showed 
little change over this interval.   Figure A-ll shows that some of the low-frequency flutter compo- 
nents changed considerably over this time interval.   Figure A-12 shows an overlay of the greatest 
difference observed between low-frequency flutter components of several playbacks on one day.   This 
shows that most low-frequency components show very little change but some components can change 
as much as 6 dB.   This appears to be due to a lack of stationarity in the flutter rather than a lack 
of degrees of freedom of the plotted data.   This means that accurate prediction of some flutter 
components may not be possible because they change from playback to playback.   Also, some flutter 
components change due to various changes in the Upe recorder transport.   Changes in a tape re- 
corder's flutter components can be used to detect possible problems in the tape recorder transport. 

Figures A-13, A-14, and A-15 are overlays of the B flutter spectrum in tachometer mode and 
tape servo mode.   These figures show that the B servo system attenuates flutter components below 
about 110 Hz, amplifies flutter components between 110 Hz and 300 Hz, and does not appear to 
affect flutter components above 750 Hz. 

Figures A-16 and A-17 are sample overlays of the flutter in tape servo mode and the DITDE 
for the tape recorded on C and reproduced on F.   Figure A-16 shows good correlation in the 7 Hz 
and 14 Hz components but no correlation in the 4-Hz component of flutter.   Figure A-17 shows 
fair correlation in the 115 Hz and 230 Hz components.   However, the important point is that the 
maximum DITDE component had an amplitude approximately equivalent to 0.001 percent rms 
flutter (see appendix G).   Therefore, DITDE has a relatively minor effect upon total flutter in the 
tape servo mode. 
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APPENDIX B 

DESCRIPTION OF PHASE DETECTOR AND DIFFERENTIATOR 

Figure B-l is a schematic of the differential phase detector and differentiator designed and 
built for this project.   The two 100-kHz signals from the tape reco J;r are applied to inputs No. 1 
and No. 2.   Input No. 1 contains a network which has a 45-degree 'id of input versus output 
phase at 100 kHz.   Input No. 2 contains a network which has a 4i' c'egree lag of input versus out- 
put phase at 100 kHz.   This gives a net 90 degrees phase shift between the inputs.   The MC1596L 
is a balanced modulator-demodulator which operates as a linear phase detector provided that the 
inputs have an amplitude greater than 100 mV.   Amplifier AR1 sums the differential outputs of 
the MC1596L. 

The output of amplifier AR1 contains a component directly proportional to the phase differ- 
ence between the two inputs (provided that this angle is less than 90 degrees) and a component at 
200 kHz.   This signal then goes to a 3-pole, Butterworth active filter with a 3 dB bandwidth of 
10 kHz.   The output of the filter is a signal proportional to the phase difference between the two 
inputs, with a sensitivity of 100 mV/degree.   This signal then goes to a differentiator with selectable 
RC time constants of 0.03 ms, 0.1 ms, and 0.3 ms. 
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APPENDIX C 

PROCEDURE FOR CALCULATION OF TIME BASE ERROR 
SPECTRUM FROM FLUTTER SPECTRUM 

The rms time base error at a frequency fj can be calculated from the rms flutter as follows: 
time base error is proportional to the integral of flutter with time error 

2ir 

and the derivative of phase with respect to time equals frequency, therefore: 

/ d0 = /AWJ cos (Wjt)dt 

or 

0 = sin (w-t) 
Wj 

Awi    Af; 
.'. peak amplitude of 0 = = — 

wi        fi 

and 

T peak 
TAfj 

or 

T rms 
TAfj rms 

27rf: 

where 

T = period of recorded signal in seconds 

A fj = peaK frequency deviation in Hz at frequency fj 

A fj rms = rms frequency deviation in Hz at frequency fj 

(j) = angular displacement in radians 

um 
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For the data presented in this report 

1 

(1.08) (105) 
second and 

A fj rms = (1.08) (10^) 03)\l020) Hz 

where yj is the left ordinate value at frequency fj in decibels with respect to 1 percent rms 
deviation. 

) lio20/ _ A .            (1.08)   (10 
T A fj rms = •i '—^— 

(1.08)   (105) 

.. T rms = 10 

i 

20 

200 TT f. 

10 20 

100 

This same equation for T can be also be used to convert DITDE to ITDE. I 
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APPENDIX D 

COMPARISON OF FLUTTER POWER SPECTRAL DENSITIES 
OF TWO BRANDS OF TAPE 

Flutter tests were also conducted on several tape recorders using both brand x and brand y 
tape.   Both were the two most commonly used wide-band, group II-type tapes.   Typical flutter 
spectra are presented in figures D-l and D-2.   Figure D-l shows that the low frequency flutter com- 
ponents are nearly identical.   Figure D-2 shows that the brand x tape u'^J has about 1 to 3 dB more 
flutter power in the frequencies above 2.5 kHz.   This occurred for all samples of tape used, all tape 
recorders used, and all record levels.   This difference is probably not a problem because the most 
important flutter components are the low frequency components.* 

f:  1 

*Ratz, A. G.   The Effect of Tape Transport Flutter on Spectrum and Correlation Analysis. 
SPACE ELECTRONICS AND TELEMETRY, Vol. SET-10, December 1964, Pp. 129-134. 
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APPENDIX E 

COMPARISON OF FLUTTER POWER SPECTRAL DENSITIES 
OF TAPE RECORDERS OF THE SAME MODEL 

Tests were conducted to measure the flutter spectrums of two tape recorders of the same model 
(recorder 1 r d recorder 2).   These tests were conducted exactly the same as the other flutter tests. 
The flutter spectrums of the two recorders are shown in figures E-l, E-2, and E-3.   Figure E-l shows 
that recorder 1 had no components under 256 Hz that recorder 2 does not have.   However, recorder 
2 also had components at 43, 86, 129, 172, and 215 Hz.   Figure E-2 shows that recorder 1 had 
large components at approximately 1 kHz, 1.48 kHz, and 1.93 kHz, while recorder 2 had large com- 
ponents at approximately 640 Hz and 1.97 kHz.   Figure E-3 is an overlay of the crossplays between 
recorders 1 and 2.   A comparison with figure E-2 shows that recorder 1 had large reproduce com- 
ponents at 1 kHz, 1.48 kHz, and 1.93 kHz, while recorder 2 had a record component at 280 Hz 
and large reproduce components at 215 Hz and 640 Hz.   This figure also shows that the flutter 
spectra of the crossplays of two recorders show a strong dependence upon which recorder was the 
recording machine and which was the reproducing machine even for two recorders of the same model. 
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APPENDIX F 

FLUTTER POWER SPECTRAL DENSITY PLOTS 

Figures F-l through F-24 present the flutter spectra of the six tape recorders used in this study. 
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APPENDIX G 

DITDE POWER SPECTRAL DENSITY PLOTS 

Figures G-l through G-12 present the DITDE spectra of the four tape recorders with the tape 
servo capability used in this study. 
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