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ABSTRACT

The purpose of this report is to provide a synopsis of the data system designed to reasure,

To0ord, and procs3s High Altttude Critiasl Atmngnharin Turhnlance (HICAT) data.

The HICAT Projact is to measure gust velocity components in the altitude rangs of 40 0 70
thousand feet in several world areas, the goal is a stuiisiivni delinilicn oi the “roughacss'’
of the atmasphere which can be applied to design requirements for advanced aircraft struc-

tures.

A Pulse Code Modulation airborne system is described. Highly accurate sensors and com-
ponents, including an inertial platform, are used aboard a WU-2 test alrcraft in an attempt
to resolve fine soanle forces, acceleraiions, and aircraft motions in the atmospherin gust
field, The magnetic tapes and other pertinent informationare sent to a data proocessing ground
gtation for generation of a computer-compatible tape, processing, 2nd detailed analyais. Power

spectral functions of the gust components are of major interest. Cutput data are correlated
with meteorological and geographical data associaied with the test site.

This abstract is subject to special export controls and each tranemittal to foreign govern-
ments or foroign nationals may be made only with prior approval of the Air Force Flight
Dynamics Laboratory, FDTE, Wright-Patterson AFB, Ohio 45433,
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SECTION I
INTRODUCTION

The purpoae of this repor-t is to provide a synopsis of the data system designed to measure.
record, and process High Altitude Critical Atmospheric Turbulence (HICAT) data, Reports
offering groeater detoil in the areas of alrborne instrumentation, data processing, and data

snalyris ara liated in the References,

The HICAT Prcject is to measure gust veiocity components in the altitude range of 40 to 70
thousand feet in suovoral world areas., The HICAT Project is one of 8ix turbulence projects
being conduoted by the Air Force Flight Dynamics Laboratory under the ALLCAT Prograrm,
ADP 682E (Roferonce 1). Each of the projeots i1s assooiated with a particular altitudo band in
the fotal regicn of 0 to 200,000 feet, The gorl is o statistical definition of the ‘‘roughness'’
of the atmosphere whicii can be upplied to design requirenents for advanoced alreraft struc~-
tures, ’ :

The HICAT airborue instrumentation originally consisted of a Frequency Modulation record-
ing system and associated transducers (Reference 2). This system was used from April 1964
to 15 July 1964 to collect turbulence data raving wavelengths from 60 to 2,500 feet. On 1b
February 1966 the project was redirected to upgrade the instrumentation system in order to
collect additional data with greater accuracy and to measure turbulence having wavelengtis
of 60,000 feet. A Tulse Code Modulation airborne system was selected and is described in
this report, Highly accurate sensors and components, including an inertial platform, ars
used aboard a W¥-2 test aircraft in an attempt to resolve fine scale forces, accelerations,
and aircraft motions in the atmosphevic gust tield. It is possible to measure atmospheric
wavelengths of 60,000 feet with a resolution of 1 foot per second. The upper frequency is
limited to 5.0 CPS,

The magnetic tapes and other pertinent information ars sent to 2 data processing ground
station for generation of a computer-compatible tupe, processing, and detailed analysis to
aid in the definition of turbulence. Power spectral fractions of the gust components as well
a3 root-mean-square intensity distributions are plotizd. Correlation and coherence functions
are also possible, These quantities are correlated with meteorological and geographical data
associated with the test site,

This report is organized to cover the problem of measurement, airborre instrumentation,
data processing equipment, and data analysis,




SECTION I

THE MEASUREMENT PROBLEM

An aireraft ia naad aa the toot Lad for dho foolonnonils bodod W WBKBUDS HUTIOBPNETIO
gust veicoities. The basic instruments selected to sense the guat force are a pair of vanes - -
a “normul—force" vane and a ‘‘slde-foroe'’ vane. These vanes attached to specially con- ¢
Structsd siralin gaged bwems on a gust probe, are attached to the airoraft nose boorn (see ;
Figures 1 and 2), Obviously, the alroraft itself will respond to gust forces with translational
and rotational motions.

- These motione of the test alroraft and resuliing inputs to the vune system musat be separuted x
from those forces on the vanes caused only by the gust, : ;

This can be expressed as follows: : L : i

WG = yelooity of air relative to space, or gust velucity

ey e

WP = velooity of air relative tc the probe

. w A velocity of the probe to space

- For the vertical oomponent this can be described by the airoraft parameters as follows .
3 : (Reference 3): i

*612)

i

e At

Le)
Vyy - Vy B+ wA(Z)+ 257
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Wg = vertical velooity of gust (referenced to inertial frame)

(z)
VT = true airspeed
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a = aircrafi angle of attack
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Figure 1 Aircraft Nose Boom
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angle of rol} (posiiive, right wing down)

vortical velonity of airoraft (referenced to fnertial frame)

{z)
¢ = distance from aircraft CG to prube seunsor

NOTE: The equalion ahowve for gust veloolty assumes that angles are smail and can be ex-
rroscod dlrootly in radians. It 15 also asswned hal Wour bomilng iy soail and ibai
boom vibrations exe above the frequency of interest,

Tho W term i3 found by integrating the airorafi normal accelerat.on:

Mz

§

WA(“ = _[2 [oz cosf cosgh ~ a, sing cosf + a, slne] a + C
t
|

The a, term is the CG accelerometer output with 1,05 component remocved.

cwsf meg accounts for accelerometer tilt. '

The a.y te rin i3 a lateral component input to the vertical acceleromete: .

The ay term is a longiiudinel componsut input to the vertical acceleroinoter,

Cl is the initial velocity condiilon,

The ﬁ%e term accounté for pitching rate of the vane sensors relative to the aircraft
center of gravity,

If tae assumptions are made that:
a. ginugoidal atmospheric wavelengths of 60,000 feet are to be measured
b. resolution of 1 foot per second (peak-to-peak) is desired

c. aircraft true airspeed is 600 feet per secord, the requirements for accuracy in the gust
equation ahove can be determined, for example:

= 4 . 4 i ,
up = a (w) = at {0.5 sin wt)
- 600
w = 2ar —_—-—60,000 rad/sec

2r 600
g, = w03 cos wt= 69,000 0.5 cos wf

32.2 fi/sec’
g

.00! cos wtig's)

Q
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"
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Therefore, a resolution of one milli~-g must be obtained from the CG accelerometer. Similar
analysis shows that angles must be resolved to .05 dugrees of erc. Correspondingly low drift
rates are required for the equipment to make theso meacurements.

On this basis, & digital instrumentation system was selected to be carried zshoard the WU-2
aircraft (Reference 4). This rystem measures and rocords the gust velooity data m oompwt
form on magmetio tane. An ogoillnovanh s =lec imstcllcd of Loard Wio aliGiail so inai a
quick-look aualog record is available § immediately after each flight, This record is used for
determinaiion of Ug * values by manual methnds and is also used for trouble-shwuting

purposes in the field, The magnatioc tepe, edited oscillograph record, pllot reports, and other
pertinent luformation are aent to the data processing ground station for generation of a
computer compatibie tape and furthesr procesying. (See Figurs 3).

SECTION IO
INSTRUMENTATION SYSTEM

The basic measurement list is tabulated in Table L These measurenments fulfill the measure-
ment, analysig, and operational requirements for the HICAT Program, The transducers
selecteG are of various types depending oa ihe phenomenou to be measured, The major new
transducer element in the system js a stable inertial platform which provides the required
high accuracy attitude measurements and also highly accurate vertically siabillzed accelera-
tion measurements. The aircrafi digital instrumentation system block diagram is shown in
Figure 4. The airborne system volume and weight are approximately 15 cu, ft. and 450 lbs,,
resgpectively.

1, TRANSDUCERS

The Gust Probe developed and successfully employed with the Frequency Modulation System
is used to make the sensitive airspeed and normal and lateral gust sensing vane force measure-
ments required for the determination of true gust velocities (Reference 5). These gust
velocities are detected by the change in 1ift produced on small fixed-vane sensors, which
consist of light weight wedge shaped vanes attached to specially constructed strain-gaged
beams (Figures 5 and 6). The angle of incidence of the vans with respect to the longitudinal
axis of the alrcraft remains fixed even when lift forces are imposed on the vane, Thus the
vans measures shear foross instead of bending sirain. The Statham strain gage type airspeed
transducer senses dynamic and static preasures from the boom and provides an output to
determnine the longitudinal gusts,

A Litton LN-3 navigation system is installed on-board the aircraft. The inertial platform
provides precise determination -1f aircraft attitudes inpltch. roll and heading, and acceleration

* Derived equlvalent gust veiceity,
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TABLE |
HICAT MEASUREMENT PARAMETERS
Measurement Location m"’gam::: mru'{?:n H\,’m“:ﬂ" Mode! No.. Remacks
1. Alpha-Vans Normat Focel Probe 2 1b. 004 1B, Lockheed FT Note §
2. Bata-Vane Nosmal Force! Probe £21h TN Ciuriwed T Note §
3. rioow Mormgl Aecol.t Probe -2, 44 3 006 g United Controls PAL-5655-28
4. Proba Lataca! Accel.t Pyohe 3¢ 006 g United Controls | PAL-5655-18
5. C.3. Normai Accel.]:%3 Fse8 1.5 228, oL iiniied Conwols | PAL-5655-3C
6. U.G. Longitudinal Acce!.} FS 408 5, +5¢ 001 g United Controls | PAL-5655-4R
7. Laft Wing Nodal Accaid F$ 175 5, +2.5¢ 003 g United Contrals | PAL-5656-3C
8. Right Wing Nodal Accel.3 F$ 175 5,+2.5§ 003 g United Contrals | PAL-5655-3C
9, Indicated Airspsed 1:2 Probe 100-200 K .3 Knot Statham PL283TC-1-350 Note 5
10. Preasure Altitude3 Nosa 0-80 k 1t 500 ft Statham _ P96D-15-500 Note §
11. Prossure Altitudel:2 Nose 4580k ft 100 1t Rosemount 8061 :
12. Inc:emental Pressure Altitude’ Nose {.125 psi) & ft Rosemount 830G1 +521A
13. Total Temperatuie Nose - B0 to 0°C .08°C Rosemount | S10v6.~ .
14. Pitch Raie? Nose £10%sec 02%sec | R.C. Allen. F2880-045 .
15. Roll Rate! Nosz 110%30c 02%38¢ R. C: Allen F2880-045
16. Yaw Ratel Nose +10%s8c 02%sec R. C. Allen F2880-045 .
17. Laft Alleron Position’ L Wing 15° .03° Glannini 851728-93 Note 5
18. Elevator Positiond Tall - 15° +30° .05 Glannini 851725-93 Note §
19. Rudder Positiond Tail +30° .06° Glannini 851725-93 Note 5
20. C.G. Lateral Accel. FS 408 -5 +5 001 g United Controls FALS655-4B
| 21. Pitch Angle? Q-Bay $10° .02° Litton LN-3 Note 6
22. Roll Angle! Q-Bay 110° .02° Litton LN-3 Note 6
23. Yaw Angle} Q-Bay $10° .02° “Litton LN-3 Note 7
24, Heading (360°)4 'Q-Bay +187° .36° Litton LN-3 Note 7
25. Vertical Accel.3 PlLrt-a Q-Bay -5+05¢g 003 g Litton LN-3 Note 5
6. X Velocity? M 1 Q-Bey £1000 ft/sec | 2.0ft/sec | Litton LN-3 * Note §
27. Y Velocity? Q-Bay $1000 ft/sec | 2.0ft/sec | Litton LN3 Note 5
28, X Distancel 4 Q-Bay £500 nal 1.0mi Litton N3 Note 8
29. Y Distance!/® Q-Bay 500 mi 1.0mi Litten LN-3 : Note 8

5. Through CEC 1-361-0001 DC Amplifier.

3. Requiied for aircraft response snalysis and probe calibration.

6. Thiough Natel DGO0-763-GS-400-25-A Demodulator.

7. Through Natel D6006-781-CS-400-26-A Demodulator.

2. Reqdlrod for derived equivalent gust velocity (Ud‘) determination.

4. Raquited for determination of ground track and flight leve!l wind velocities.

8. ‘Through Litton RC18 Potentiometer and CEC 1-361-06001 DC Amplitiei.

1. Required for gust velocity determination. Measuremert ranges and tesolutions are those raquired to provide 1/2 ft/zec.
{.3 knox) gust velocity resolution.
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Figure 5 Double Beam Sensor with Strain Gage Installation for Stear Measurement
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Figure 6 Double Beam Sensor Deflection Due to Airlohd )
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in the vertioal direction, East-West and North-South velcoity and distance information are
t180 obtained from the LN-3 systems, The distance information ig displayed in the ocockpit
and used extensively in flight patterns through turbulent araas,

In addition to the scoeleration measurements available from the nlaiform. similar measure-
ments are taken at the gust probe, at the aircraft CG, and at the left and right wing uodal
points in order to define motions of the boom in relaiion to the airoraft, For this purpose,
force balancs accelervmeters, manufactursd by Uniled Controcls, arc lastallsd, In Whose
units, the seismic mass is loosely suspended and retained in position by a foroe eleotro-
magnetically developed from the seismic mass’s position error. The restoration force,
electrically measured, provides the output. The resolution and accuracy of these units are

sufficient to eliminate the need for dual range or redundant sensors at partioular locations,

Outside air temperature is measured with a Rosemount total temperature probe, This
transducer was used on the earlier HICAT testing, and the recovery factor, time constant,
and aocuracy of this instrument are compatible with the requirementa of the digital instru~
mentation system, ' :

Altitude is determined with a Rosemount multi-range pressure transducer with one output
for the overall range of 50,000 to 80,000 feet while a second output, automatically engaged,
provides expanded scale measurements over 16 bands of the overall range. Coarse altitude
fs measured with a Statham strain gage type transducer over the range of 0 to 80,000 feet.

The rate gyros provided to obtain a direct measure of pitch, roll and yaw rates are
manufactured by R. C. Allen. The output is an AC signal from a microsyn type pick off which
is demodulated to a DC level for recording. Availability of these measurements provides a
direct method of confirming the oporation of other measurements in the fleld as well as a
backup measurement to the hLeading and attitude information available from the stable plat-

form.

Surface position measurements are made by high resolution Giannini potentiometers linked
directly to the rudder, elevator and aileron control surfaces,

Ancillary signals may be used to describe such slowly or infrequently changing data as
gear position, flap position, fuel consumption, flight plan index, and so forth, Five digital
channels are available for this information to be entered directly into the digital mujtiplexer,
Six decimal thumbwheel switches are located on the cuckpit control panel. Each switch provides
a 4-bit parallel BCD output code resulting in 24 discrete bits of digital information that can
be entered into the PCM system format frcm the cockpit control panel, The remaining 26 bits
making up the total of the 5 digital 10-bit words may be developed from external remote
contact closures within the aircraft systems, The Rosemount multi-range altitude transducer
is connected to 4 of these bit positions to indicate the particular band where the transducer
may be operating. Signals from the LN-3 inertial piatform and from a pilot operated ‘‘event’’
switch are also entered into the digital data format in this manner.,

2, SIGNAL CONDITIONING

Some of the transducer cignals require conditioning prior to the digital instrumentation
system. The vanes, airspeed, coarse altitude, surface positions, and temperature measure-
ments require amplification to voltage levels suitable for digitizing. CEC DC amplifiers were
selected for this purpose. Some of the signals from the platform also require CEC DC am-~
plifiers while others require demodulators to convert from AC to DC voltage levels and Natel
amplifier~demodulator units were selected for this requirement. All signals are standavdized
to 0 to 5 volt limits with suitable voltage divider networks,

11
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3, DIGITAL SYSTEMS (PCM)

The system selected for this requirement was manufactured by Dynatronics Inoorporated,
Orlacdo, Florida. General specifications are the capability of 40 analog and 6 digital input
channels, The analog inputs are in the form of three wire differential signals consisting of
a sigonal hot wire, a signal common wire, and a shield wire. Each analog input channel has
a minimum o 60 db cOmmon e noise rejection at 4 frequency of ¢ CPS (DC) with a common
rode noise voltage of up %o 5 wolts DC,

The conditioned transducer analog signails are passed through presampling filters, and
associated buffer amplificrs, with a low pase characteristic to minimize aliasing errors, To
prevent noise due to aliasing caused by transducer output signals in the frequency domain
ab.ve the frequency of interest, it is necessary to provide low pass filters having cutoff
characteristics tailored to certain practical requirements, The ratio of the sampling frequency
to the cutoff frequency can only be lowered while making the cutoff characteristics more
severe, This ratio is 25 samples per second-to~7 cycles per second for the HICAT case,
whereas a ratio of 2 is tho minimum theoretical value. The volume of data 18 proporilonal to
this ratio when other factors remain fixed, The cost and compiexity of low pass filters rises
rapidly with increasing cutoff severity while maintaining quaiity, The contradictory require-
ments are best reconciled on an economic judgment basis, For the acouracy required for the
HICAT Project, satisfactory filtering is achieved using an 8-pole Butterwurth filter with a
corner frequency (3 db point) of 7,0 + 0,5 CPS, The filter is flat within +0,76% from DC to
0.5 CPS, #1.5% from 0,5 CPS to 4 CPS and +2% from 4 to 5 CPS and hus a rolloff of 48 db
per octave minimum,. Side lobes, beyond the frequency of the theoretically determined 60 db
point, are at leust =60 db with respect to the pass band out to a frequency of 100 ke.

The outputs of the fillers are sampled by a high-level analog multiplexsr. Ail channels
are sampled within a 1.0 millisecond period with follow and hold circuiiry to provide time
correlation between samples within 10 microseconds, The scanning rale is switch-selectable
hetween 20, 25, 40, and 50 scans per second,

The multiplexed analog samples arc then digitized to 10-bit binary words with a ~r~
responding resolution of 1 part iu 1624 by the analog-to-digital (A~D) converter, Each s .al
wire pair is multiplexed to the A~D converter as a differential pair. For a 5.0 volt full scale
input the A-'D couversion accuracy is +0,05% of full scale +1/2 least significant bit.

A word generator is incorporated in the system t{o produce two parallel 10~bit Barker Code
(Reference 6) words for synchronigation at the start of each frame, The five channels of
digital data appear as the next five words in each frame followed by the time-of-day code
as the pext three words. The scanning and sampling rates are synchronized with this clock
and with the time code ger-arator which outputs time in IRIG-C format for analog recording
on the on~board oscillograph, The time code is also recorded on the magnetic tape to facilitate
automatic tape search operations at the data processing ground station during preparation
of the computer compatible tape for further data analysis. The clock is provided with standby
(battery) power which can operate the time code generator for up to 30 minutes during an

interxuption in primary power,
4, MAGNETIC TAPE RECORDER

The digital instrumentation system output is multiplexed into a 10-bit data word nlus a
lateral parity and a synchronising clock bit resulting in a 12-bit parallel format, An Ampex
model AR214 magretic tape recorder used on the previous HICAT Program was modified
with an IRIG 16 track digital recording accessory kit, This recorder is capable of recording
the digital instrumentation systsni output for a continuous period of four hours at a tape speed
of 3-3/4 inches per second using 1.0 mil thin oxide magnetic recording tape. A tape speed
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of 1-7/8 inche: per second is also available which increases the packing density to 670 bits
per inch, Additionally, the pilot's voice annotation and the IRIG-C time code are recorded on
two of the recorder channels using analog techniques.

6. ANALOG RECORDER

A multi~channel oscillograph installe. on~board the aircraft, records guick-look data
during the HICAT test flights and a portable processor is used to develop the record im-~
mediately following the flight at the test site. The outputs of the transducers, after being
passed through the PCM system presampling filters, are isolated and padded to s suitable
galvanoreter recording level at the oscillograph integrated corntrol system panel, All trans-
ducers on-board the aircraft are recorded on this unit which is operated throughout each

flight, This record provides a very valuable monitor of transducer and syatam Operation for
maintenance and trouble—shooting purposes,

6. SYSTEM CONTROL PANELS

A system control panel 18 mounted:in the cockpit permitting pilot control of the PCM sys-
tem and the magnetic tape recorder. In addition, this control panel contains the 6 digital
switches for insertion of anocillary inputs into the digital instrumentaiion system by the

pilot, Cockpit control panels are also providad for the analog recorder and the LN-3 inertial
platform, i

SECTION IV : /
PHYSICAL AND ENVIRCNMENTAL CHARACTER#STICS

The HICAT instrumentation system operates from standa.rd +28 'bolt DC aircraft power.
The PCM system package is contained within a maximum ¢nvelope of 7 inches high by 34.75
inchus long by 18.2 ijaches wide and welighs 143 pounds, The code generator is 5,0
inches wide by 10.5 inches high by 20.5 inches deep and weighs 26 pounds. The magnetic
tape recorder is 27 x 12 x 8 inches in size and weights 85 pounds/ The electronics cabinet
has the dimensions of 16 x 8 x 4 inches and weighs 9 pouuds The a - recorder system is
15 x 18 x 40 inches and weighs' approximately 150 pounds :

The instrumentation system major components are mountad in

exception of some signal conditioning units, transducers, /and o
throughout the aircraft,

aireraft Q-Bay, with the
panels which are located
,' -
The system is designed to operate over a temperature range of 10°C o +80°C at an altitude
from sea level to 50,000 feer and to withstand a range of tempergtures from -55°C to +125°C
in a nonoperating condition, The system is also designed to withptand vibration lévels of 0.08
inches double amplitude, 10 to 50 CPS and of up to 10 g*s random, 50 to 2000.CPS and 3 axis
shooks to 30 g's for up to 11 milliseconds, as well as relative dity up to 100% with sand
and dust conditions as encountered in desert areas, , C o
13 ,
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SECTION V
FIELD SUPPORT EQUIPMENT
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This unit provides a capability of developing input signals and displaying cutput data for
analysis of the PCM system operation and calibration, The unit is & self-contained checiout
package, which counects to the PCM system vic, cables and test connectors, and is divided
in‘o two sections, The analog subsection develops a very acourate reference input, selectable
by front panel switching, in conjunution with simulation of source impedance. The second
subseotion is digital and monitors the final PCM/NRZ-Mark coce that drives the Ampex
digital tape recorder. A binary light display provides the decoded NRZ-Mark PCM da‘:.
selectable by front panel switching for all words in the PCM system format. A test point r. <
power monitor proviasion i8 provided and permits the operator to monitor the internal funotiiim
ing of the PCM system on suitable auxiliary test equipment such as voltmetara, osoillosoc: -8,
counters, calibration and standards equipment which are stored in the fleld support v,

SECTION VI
PATA PROCESSING GROUND STATION

The purpose of the HICAT Data Processing Ground Station 18 to pi'ovide a meaus to edit
airborne digital PCM data recorded on magnetic tape and to convert it into a format ocom=~
patible for input into an IBM 7094 soientific computer for further processing.

The Data Processing Ground Station performs the functions of retrieval of data from the
airborne magmnetic tape, decomnmutation of data, decimal display, data editing, digital-to-
analog conversion with snalog display, format oonversion, and recording of re-formatted

computer compatible output data onto magnetic tape. The ground station block diagram is
shown in Figure 7 (References 7, 8, and 9). .

1. EQUIPMENT LIST

The cemplete HICAT Data Processing Ground Station with all peripheral aquipment oon-~
sists of the foliowing items:

CEC Model VR-2600 Input Magnetic Tape Reproducer
Astrodata Model 5220-1® IRIG Time Code Translator
Astrodata Model 5224-100 Tape Search and Control Unit

14

-

T P gy e

R o

-

TR e et i1, r

amemm,

o o T

e e




W

AFFDL-TR-67-1

MAGNETIC TAPE  |les _.
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Figure 7 HICAT Daia Processing Ground Station :
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LEC Model PCD 101A PCM Telemetry Deccmrutation and Computer Tepe Buffer-
Formatter System

CEC Model 5-133 Direct Print Oscillograph Recoider (Lockheed-owned)
IBM Model 729 V Magnctic Tape Recorder (Leased from IBM)

2. INPUT DATA

The airborne data, which is digitally recorded on magnetic tape at 3-3/4 inches per second
vsing parallel format PCM techniques, is played back on the CEC Model VR-2800 Magnetic
Tape Reproducer at 66 inches per second and lnput into the ground station permitting data
conversion at 16 times the resl-time recording speed. The HICAT digital input format is
a parallel 12-bit format with a 10-bit data word, a lateral parity bit and a synohironizing oluc
bit. Additionally, pilot’s voice annotaiijon and IRIG-C time code are recorded on two of the

remaining 4 tracks using analog techniques,

The HICAT recorded frame length 18 50 words with 2 Barker Code worde for synchroniza~
tion, 5 words for referencedata, 3 words for time~of-day code and 40 words available for data,

3. INPUT CAPABILITES

The aystem will accept the parallel duta inputs at a rate of 36,000 words per second for an
11-bit word, The input format, includirg the input coding, word length, f-ame length, and frame
synchronization is programmable on a removeble patch board. The system is capable of
handling serial or parallel data in NRZ (Cj or RZ format, The word length is programmable
from 4 to 16 bits. Prime frame length is prograzamable from 2 o 399 words, The frame
synchrounization word is programmable from 4 to 32 bits in the search mode. In check and
lock mode, the frame synchronization is programmable as one, two, or three adjacent words,

4, INPUT CONTROL

The input from the VR-2600 Tape Reproducer is coutrolled by the Astrodata Tape Search
and Control Unit and the Time Code Translator. By means of thumbwheel switchas, the start
and stop times for the sclected data to be processed through the Ground Station may be
manually set into the Control Unit. The data to be processed through the Ground Station is
visually selected from tha airborne-recorded oscillograph record, IRIG-C time is rocorded
on the osciliograph record to provide the start/stop time inputs to the Control Unit, The
IRIG-C time code recorded Ly analog tachniques on a separate track on the tape is input
to the Time Code Translator where it istranslated to a parallel BCD iime code which is input
to the Tape Search and Control Unit, A visual display presents the translated time from the
input tape in days, hours, minuies, and seconds for monitoring purposes, When the search
mode is put into operation, the tape time, as received from the Time Code Translator, is
constantly compared with the run start time set in by the thumbwheel switch on the Tape
Search and Countrol Unit. When equivalent time is achieved in the narallel comparsalor, a
start pulse initiates the transfor of data from the input tape to the level shifting amplifiers
in the Ground Station. Data is read into the Ground Station until the timme comparison logic
detects equivalence between tape time and run stop time as manually inserted with the
thumbwheel switches, A stop pulse is then generated to stop the transfer of data from the

input tape.
5, SERIAL CONVERSION

Parallel dnta from the input tape are amplified and then input into the shift register where
a 500 kc clock pulses to shift the parallel data hits out of the register in serial fashion,
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6, DECOMMUTATION

Tho seriul word-bit pztterns, both synchrondzation and data, are clocked into the decom-
mutator., The frame synchronization pattern preceding the data words is compared to a patch
synckronigation ocdae. The input serial dats train is converted to oontinuousiy avalianio
paraliel output data, These data words are gated to the decommutator output subaystem by the
dooommutator cowtmnl logie which o demandant yimon tha natnhad wond, aynchronization. and
frama format.

7. DECOMMUTATOR OUTPUT SUBSYSTEMS

There are three cutput s:i:hsystems which provide analog, visual snd digital cutpu= =!ioul-
tanegvsly; the Digital-to-Analog Conversion Subsystem, the Decimsl Display Output Subsys-
ton:. and the Buffer-Y¥ormatier Subsystam,

8. DIGITAL~ANALOG CONVERTERS

There are fourtcen storage registers and fourieen digital-analog converters which siraul~
taneourly provide i4 DC analog outputs selected from any of the digital data words by means
of thumnbwheel switches on the Control Unit, The analog signals are input to ¢ CEC Direct
Write Osc’’lograph Recorder for immediate and simultaneous analog display of up to 14 data
chainels plus IRIG-C time, This aralog record provides a means of monitoring the playiack
of the data, for analysis and editing and fo1 iroubleshooting. The aight most significant bits
from the decon.mutator output MSR bus (Most Significant Bit) are parallel-connaoted to each
of the 14 indepsndent digital~analog converters.

9. UVECIMAL DISPLAY

The deciu al display provides a visuai digital monitoring of any two channols simultaneously,
Two four-decude decimal displays are provided which simultaneocusly convert the 13 most-
significant bits of any pair of words from binary to declmsal. There are two display modes:
a ‘‘Read Contimuous’’ and ‘‘Read Bold''. ‘“‘Pead Continmuous’’ iz automatically updated,
“Read Hold’ may be manually updated, Channels are selecizbie bty mesns of (humbwheel
switches on the Control Unit,

10, BUFFER-FORMATTER

The buffer-formatter assembles the docommutated dsta into the standard IBM gapped
format,

Tke buffer-formatter receives words »srogrammable from 4 to 14 bits from the decom-~
rmutator output MSB bus. In addition, there are 24 bite input to the buffer—formatter for run
id:ntification informaticn which are input manually Ly means of thurcbwheel switches on the
Control Unit, The run identification data are entered beiore the first data character in each
Trecord.

The core memory has a capacity of 4096 7-bit characters,. Da.a sets uro gated into the mem~

‘ory in $-bit groups with each group hecoming oune memory character. Euch character is

accompanied by a parity bit {odd parity) duriug entry into raemory which is geversated at the
input data gate and mcnitored durieg tha memory read-cycle at tae outer register, Data
are loaded into the ‘‘input side’’ of memory until the numbesr of 6-bit words that are stored
is equivalent in pumber o the celected record length. Record levgths of up to 2048 6-hit
charuciers may be selected hy nmeeans of octal switches at the rear of the control panol ke
HICAT record length is 1446 characters.
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When a full recorv length is “echieved in thw input storage regisier, the output storage

register dumps the stored record. The record in the imput storagw r-gister is transferred
to the oulyut sicrage register and new data are loaded into the input storage register to
complete the oyoie. Memory cycle time 18 2.0 microseconds,

il. DATA OU'I‘PUT

Data records ave output to the IBM 729 V Tape Recorder under automatio control of the

buffer-formatter control loglc. The control logic furthar provides a data reset-to-eero for

decommutator pavity errors and a parity check for core memory operation, Data are stored
ou 7 track magmetio tape in computer compatible format at a recording density of 800 bits
per inch per traock zt a tape speed of 76 inches per secoml The format consists of parallel
6-bit characters with lateral and longitudinal parity, a 3/4 inch inter-record gap and an end-

of-file mark and gap. Eaoh 10-bit word plus 2 dummy bits is formatted into 2 parallel, 6-bit
characters,

SECTION VII
DATA PROCESSING AND ANALYSIS

1, DATA PROCESSING

The computer compatible tapes will be processed as diagrzmmed in Figures 8 through 10
to obtain the following:

1. Filtered time histories of all measured quantities as well as derived . ‘cht parameters
such as Mach number and true airspeed.

2. Equivalent derived gust velocity (U d ).

e .
3. Vertical and lateral gust velocity time histories,
4. Peak counte and exceedances.

5. Power spectra and associated statistical functions (for example, cross gpectra, cross
correlation functions, coherence functions),

6. Cumulative probability distributions of RMS rust velocities.

The processing desoribed above will be performed using tiie programs written for the initial
phase of the HICAT Program, Where this is not feasible, new programs based upon those
describedd will be written. Because long wave turbulence requires long data samples for
analyses, it is anticipated that the gust velooity power spectra wili be generated over two

overlapping frequency ranges,
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2, ANALYSIS

The gust velocity analysis will be performed essentially as desoribed in the ‘“HICAT
Progrum Preliminary Data Reduction and Analysis Report’' (Referemce 10). Though this
rq)ort was written durtn( the first phue of HICAT, the Methods Analysis Section is com -
pioioiy nppuuluu W tnis pEugrain,

mmwzmamuwmﬂnmwmm&emﬂnMthm-mm
of data. This may require, as stated in the disoussior of the data procesing, that the power
spectra be ocomputed in two frequency ranges and -then overlapped. Otaer than applying the
criterion that the overhpped sections agree no newW malyam medn(h wﬂlberequired.

The anaiysis will oousist of the following:

1. Exasmination of raw nndmmrednwuuremnttime historiu .ndtbeoonxputedgust
veiooity time hiatories, .

2. Evaluation of gust velooity powJr spectra particularly with mspoot to slope and socale of
turbulence.

3. Evaluation of gust velocity perk count and exceadance curves,

4. Comparison of RMS level siatistics and evaluation of cumulaiive probability distribu~
tions of RMS gust velocities,

6. Evaluation and oomparison of derived equivalent gust welocities '_U ) with those
of NASA-TN D 6548 (Reference 11}, e

6, Categorizing and correlation of data tsking into acoount the meteorologioa.l factors
involved,
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