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SCOPE

Thi s paper discusses signal performance of |ongitudi nal
Doubl e Density acquisition recordings nmade an flight
recorders and reproduced on a single |aboratory ground
station recorder. it includes conparisons wth standard
bandw dt h recordi ng signal performance.

| NTRODUCTI ON

The technol ogy for Double Density recordi ng has been
avai l able to the user community of | ongitudinal

I nstrunentation recorders since 1984. The inpact of the
technol ogy an the user is the ability to either double

m ssion tinme or double data rate capability. However,
questions of reliability and conpatibility between

acqui sition and ground station systens, plus the expectation
of rotary class recorders, have been factors in the limted
use of this technol ogy. Advancenents in head manufacturing
quality and experience along with inprovenents in signal

el ectroni cs have answered these questi ons.

GOAL

This paper is a report on the test results from an

eval uation run on the signal performnce of MARS and ML4

| ongi tudi nal acquisition recorders when reproduced on a
3700J ground station or |aboratory recorder. Qur intent was



to establish an understandi ng of conpatibility in Double
Density recordings made with flight recorders and their
ground station counter-parts.

W will first review sone of the definitions of terns used
i n Double Density recording foll owed by an overvi ew of our
approach. The equi pnent used will be described along with a
review of the test procedure. Test results will be shown in
graphic form

DEFI NI TI ONS

St andard Bandwi dt h--33 kil obits/inch (kbpi) maxi num

packi ng density at up to 120 ips as defined by IRIG
for Wdeband dat a.

Doubl e Density--a generic nane for double the standard
bandwi dt h (W deband) packing density or 66 kbp
maxi mum packi ng density at up to 120 i ps.

Hal f - speed--66 kbpi maxi mum packi ng density at one-half
t he standard bandwi dth speed for an IRIG data
frequency range.

ex. 1--the standard bandw dth MARS acqui sition
recorder has a top speed and frequency of 1 WMHZ
@60 ips. The half-speed version of this and
the one used in this paper is 1 MHZ @30 i ps.

ex. 2--any standard IRIG recorder with a top speed
and frequency of 2 VHZ @120 i ps would have a
hal f - speed version that would be 2 MHZ @60
I pS.

Doubl e Bandw dt h--66 kbpi nmaxi nrum packi ng density or
double the I RIG frequency range at any of the
st andard bandw dt h speeds.

ex.3--the MARS recorder in ex.1l above woul d have a
doubl e bandwi dth version of 2 MHZ @60 i ps.
This is the double bandw dth acquisition
recorder used in this paper.



ex.4--any standard IRIG recorder with a top speed
and frequency of 2 VHZ @120 i ps would have a
doubl e bandwi dth version of 4 MHZ @ 120 i ps.

Note: the 3700J recorder/reproducer used in the
tests reported, herein, can be used for either
doubl e bandwi dth or hal f-speed when configured in a
Doubl e Density made.

SNR (This Paper)--for the discussions in this paper SNR
Is the RMS signal to the RMS noi se UNFILTERED. The
purpose for this is to avoid confusion over
different nethods of filtering.

I N-LINE Double Density--the odd channels only of a 28
channel system

APPROACH

Using a conputer aided test system devel oped by DATATAPE
engi neering for frequency response and signal -to-noi se

eval uation, recordings were nmade on the acquisition
recorders and played back on a baseline tested ground
station recorder/reproducer. The results were plotted and
conpared w thout equalization adjustnents. A second

conpari son was nade after equalization was optim zed for the
acqui sition recordings. Sone additional conparisons were
perfornmed between standard bandw dth and Doubl e Density
recor di ngs.

EQUI PMENT and TEST PROCEDURE OVERVI EW
Three different acquisition recorders were used to acquire
the data with all tapes reproduced on one ground station

recorder/reproducer. The recorders used are |isted bel ow

Acqui sition Recorders

m MARS 1400LT-3B, 28 channel doubl e bandw dth recorder
® MARS 1400LT-3B, In-line half-speed recorder

m ML4ER, 28 channel standard bandwi dth recorder



G ound Station Recorder

m 3700J re-configured by head changes to support all of
the acquisition recorders used.

The conputer aided test systemused as the controller

consi sts of a DATATAPE devel oped nmenu driven programw th an
HP 300 series CPU, color nonitor, a 9153B disk drive, and a
7474A platter. The programallows for either read-while-
write or reproduce only frequency response data which can be
previ ewed on screen prior to either plotting or storing to
di sk.

In addition to the tape recorder/reproducers and the
conputer controller, sonme special test equipnment was
required. Belowis a |list of that equi pnment with brief
descri ptions:

Equi pnrent Nane/ Nunber Description
HP- 3325A Synt hesi zer Digital display signal
Functi on Generat or generator for record signal

f requency response.

HP- 3586C Sel ecti ve Digital display signal |evel
Level Meter measuring neter.

Tektrani cs 7603 Oscil | oscope

The test procedure followed normal recorder alignnent
practices per IRIG 118-89. Sone specific itens of interest
are:

m Al data was fromdirect bias recordings;

- 2% third harnmonic distortion for all acquisition
recor di ngs.

- 1% third harnmonic distortion for ground station
basel i ne.

m Al data is playback on the ground station reproducer
fromchannels 5, 9, and 11 as they were the only
channel s configured the sane on all recorders.



m  Reproduce equalization is adjusted for flat frequency
response with upper bandedge set intentionally at 2 dB
bel ow the 1 Volt rns system out put |evel.

B  Noi se response data is tine phased neasurenents in a
50 Hz to 40 MHZ bandwi dth (effectively UNFILTERED)
Ti me phased neasurenents are noi se data taken in the
sanme tine interval it took to gather frequency
response signal data. In other words nultiple
measurenents over time. In the graphic presentations
t hese neasurenents results in a straight |ine noise
plot that represents unfiltered SNR

B Two sets of reproduce anplifier cards of the sane
configuration were used, one set for standard
bandwi dt h recordi ngs and one set for Double Density
recordi ngs. The purpose was to keep the nunber of
adj ustnents to a m ni num

m The sane record cards were used in the ground station
recorder for all baseline alignnments regardl ess of
bandw dt h.

m Al data was screen previewed and then stored on disk
for later analysis and conpari son.

PERFORMANCE RESULTS and SPECI AL COMPARI SONS

The first tests perfornmed were baselining the ground station
recorder/reproducer. This was done for standard bandw dth 14
track and 28 track system configurations. The data was only
taken for system frequency response at 120 ips and 60 ips (2
MHZ and 1 MHZ top frequencies respectively). Results of the
14 track (50 m| track wi dth) standard bandw dth perfornmance
yi el ded SNR ranging from?29 dB to 31 dB for both 120 ips and
60 i ps tape speeds. Frequency response was well wthin IR G
+ 3 dB of 1/10 bandedge signal for all tracks at both
speeds. The 28 track SNR results ranged from26 dB to 28 dB
at 120 ips and 27 dB to 29 dB at 60 ips. Fregquency response
was also well within |RIG specification for the 28 track
configuration.

Figures 1 through 4 on the foll owi ng pages show the conpl ete
standard bandw dth results graphically.



FIGURE-1. 14 Tk Ground Station Baseline 2 MHZ @120 i ps
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FIGURE-2. 14 Tk Ground Station Baseline 1 MHZ @60 i ps
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FI GURE-3. 28 Tk Ground Station Baseline 2 MHZ @120 i ps
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FI GURE-4. 28 Tk Ground Station Baseline 1 MHZ @60 i ps



Basel i ne alignnments were then nmade to the ground station
systemin Double Density node. In this Configuration the
frequency response and SNR data was taken for 60 ips and 30
ips (2 MHZ and 1 MHZ top frequencies respectively). Wth
what will later be referred to double bandwidth (2 MHZ @ 60
I ps acquisition), the SNRresults ranged from 21 dB to 26 dB
with frequency response well within IRI G requirenents. One
of the tracks appeared to have hi gher noise than the others.
Because of tinme constraints we were unable to determ ne the
cause. The data was, therefore, not excluded fromthis
report. The half-speed (1 MHZ @30 ips acquisition) SNR
results ranged from23 dB to 26 dB with again the frequency
response well within IRIG requirenents. Figures 5 and 6
contain the detailed results.

FI GURE-5. 28 Tk Ground Station Baseline 2 MHZ @60 i ps
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FI GURE-6. 28 Tk Ground Station Baseline 1 MHZ Z 30 i ps

Upon conpl eting the ground station performance baseline
effort, we began the Double Density acquisition recording
effort. The in-line half-speed acquisition recordi ng was
made first. Wthout rew nding the tape, it was renoved from
the recorder and put on the double bandw dth acquisition
recorder. In order to determ ne conpatibility with the
ground station system the recordings were first reproduced
Wi t hout any equalization adjustnments. Figures 7 and 8 on the
next page show that these recordi ngs have | ow end response
wel | above the nomnal 1 Volt system output. The response
begins to dip at 1/10 bandedge and then | evel out towards
upper bandedge. This less than flat response is not
unexpected. The 2% record | evel produces the higher out put
while differences in the record pre-enphasis between

acqui sition recorders and the ground station produce the
difference in the response curve shape. It should be noted
that the noise level is the sane as it was for the baseline
ground station alignnent which is to be expected.
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FIGQURE-7. 28 Tk Acquisition 2 MHZ @60 i ps-No Rep Adjustnents
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FIGURE-8. Inline Acquisition 1 MHZ @30 ips-No Rep Adjustnents



However, when the tape was rewound and the equalization

adj usted, the response curves were well wthin IR G
specification. The SNR fell in a range of 27 dB to 29 dB for
doubl e bandwi dth and 26 dB to 28 dB for half-speed as shown

In Figures 9 and 10.

FI GURE-9. 28 Tk Acquisition 2 MHZ @60 ips-Wth Rep Adjustnents
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FI GURE-10. Inline Acquisition 1 VHZ @30 i ps-Wth Rep Adjustnents



The ground station standard bandw dth performance was
conpared to the acquisition recordi ngs Double Density
performance. In these conparisons, however, an aggregate
track was used instead of all three tracks. This was done to
sinplify the graphic presentation and elim nate confusion.
Figure 11 conpares the acquisition doubl e bandw dth
recording (2 MHZ at 60 ips) to the ground station standard
bandwi dth (2 MHZ at 120 ips) results. The three curves are
the acquisition recording before equalization adjustnent,
after adjustnent, and the ground station response. It can be
seen in this figure how the acquisition noise |evel inproved
when the equalization was adjusted. Effectively no
difference in frequency response can be seen between the two
recordi ngs after adjustnent of the double bandw dth | evels.
Only a 1 dB difference in SNR was seen after adjustnent.
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FI GURE-11. 28 Tk Acquisition 2 MHZ @60 i ps Before and After
Rep Adjustnments Conpared to 28 Tk Ground Station
2 VHZ @120 ips



Figure 12 conpares the half-speed acquisition recording (1
MHZ at 30 ips) to the ground station standard bandwi dth (1
MHZ at 60 ips) results. Once again the response before

adj ustnent vs after adjustnent can be conpared to the
standard bandwi dth result. Al though sone difference is
evident, it is not significant. The hal f-speed SNR is
approximately 2 dB | ess than the standard bandw dth
recordi ng, but very respectable at 26 dB.

FI GURE-12. Inline Acquisition 1 MHZ @30 ips Before and
After Rep Adjustnents Conpared to 28 Tk G ound
Station 1 VHZ @60 i ps



As we progressed in our testing, a standard bandw dth

acqui sition recorder becane available. Figure 13 conpares
this recorder's 2 MHZ at 120 ips performance with the double
bandwi dth 2 WHZ at 60 ips performance. The frequency
response was again virtually identical while the standard
bandwi dth SNR was better by approximately 1 dB.
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FI GURE-13. 28 Tk Acquisition 2 MHZ @60 i ps Before and After
Rep Adj ustnents Conpared to 28 Tk Standard
Bandwi dth Acquisition 2 MHZ @120 i ps




Two final conparisons were perforned. A lot of discussion
has taken place related to 50 m| vs 25 m | track widths for
Doubl e Density perfornmance. These |ast two conparisons | ook
at 25 m| doubl e bandw dth and hal f-speed performance from
acquisition recorders to the 50 m| standard bandw dth
ground station performance. Figure 14 shows the response

wi th adjusted equalization of a double bandwi dth 25 m |
track to a ground station 50 m| track (2 MHZ at 60 ips vs 2
MHZ at 120 ips). No difference in frequency response

resul ted. The doubl e bandwi dth SNR was only 4 dB | ess than
the standard bandwi dth SNR (27 dB vs 31 dB).
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FI GURE-14. 28 Tk (25 m|l|) Acquisition 2 MHZ @60 ips, After
Rep adj ustnments Conpared to 14 Tk (50 ml)
Ground Station 2 MHZ @120 i ps



Figure 15 shows the response with adjusted equalization of a
hal f -speed 25 m| track to a ground station 50 m| track (1
MHZ at 30 ips vs 1 MHZ at 60 ips). Again little difference

i n frequency response resulted. The half-speed SNR was 28 dB
whil e the standard bandw dth SNR was 31 dB
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FI GURE-15. Inline (25 ml) Acquisition | MHZ @30 ips After
Rep Adjustnments Conpared to 14 Tk (50 ml)
Ground Station 1 MHZ @60 ips

SUMVARY

G aphic presentation of tests perforned for 28 track
standard bandwi dth direct ground station performnce was
conpared to direct Double Density acquisition performnce.
The test results of the direct recordings yielded the
foll ow ng:

m Acqui sition double bandw dth 2 MHZ-60 ips recording vs
ground station standard bandw dth 2 MHZ 120 i ps--
Result 27 dB SNR vs 28 dB SNR



m Acquisition half-speed 1 MHZ-30 ips recording vs ground
station standard bandwi dth 1 HZ-60 i ps--
Result 26 dB SNR vs 28 dB SNR

Addi tional conparisons of standard bandw dth 50 m | track
performance vs Double Density 25 m| track performance were
made. These test results yielded the follow ng:

m Acquisition double bandwidth (25 ml|) 2 MHZ-60i ps
recording vs standard bandwi dth (50 ml) 2 MHZ-120 i ps-
Result =~ 4 dB SNR degradation but > 25 dB SNR

m Acquisition half-speed (25 ml) 1 MHZ-30 ips recording
vs standard bandwi dth (50 ml) 1 MHZ-60 ips--
Result =~ 3.5 dB SNR degradation but > 25 dB SNR

CONCLUSI ON

In every case tested the acquisition recorder Double Density
frequency response conpared favorably to the standard

bandwi dth ground station systemresponse yielding full
conpatibility. In a conparison wth a standard bandw dth
acquisition recording very little performance difference was
found. Al though a small degradation in SNR does occur from
the ground station standard bandw dth recordi ngs the

acqui sition Double Density recordings are conpatible with
ground station reproduce systens. In every case the results
showed very respectabl e SNR



