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SUMMARY 

This report is concerned with the technique of measuri.ng the 

attitude of a tubeflight vehicle ~lile it is traversing through a 

guideway. In addit{on, a method was designed for measuring the fluid 

velocity ahead of the vehicle. Specifically, this study was directed 

toward developing measurement tcchnj.ques for appl:/cati.on to fl:l.ght 

vehicles tested in Rensselaer Polytechnic Institute's T-2 facility. 

It is determined that the mc)st ef:f.:t.cicmt way in which to record 

inflight data is to use an FH telemetry system. SUdl a system has 

been designed, fabricated and tested. 

The output of a telcmctl.-Y system is feel into a di.g1.tal computer 

program which f:urn1.shes the ti.mel history of the veh:lcle motion as well 

as the fluid veloc:l.ty inuncdiately upstream. l11C~ rel.i.~lr.)nj.ty of the 

program to give an accurate profile of the transit is found to be 

directly dependent on the unit of: time between telemetry readings chosen. 

The total telemetry system is analyzed and areas requiring 1.mprove

ment is discussed. 



INTRODUCTION 
, 

The testing of a small-scale model tubefli~ht vehicle has been 

conducted in the T-2 facility constructed by Rensselaer Polytechnic 

Institute. This facility is a 2000 foot long welded-up steel pipe with 

an inner diameter of 12.40 inches. In order to determine the vchlcle's 

stabi.U.ty derivl:ltives and to analyze the vehi.cle' s per.formance, it 1.s 

required to know the mot1.on of the tubeflight vehicle relative to the 

fixed guideway as a function of: time. The vehicle motion cannot be ob-

served directly nor can' il.1.strumentat:l.on be connected to j.t ex.ternally 

as is the practice for wind-tunnel testing. In order to 8a1.n s()me llSC-

ful. data about the vehicular motton, the T-2 facility was instl:':uman.tcc1 
. 

wtth photoelectric cell transducers at 10 foot intervals along the 

longitudinal axis of the tube. As the vehicle passed each of these 

transducers, lights carried by the vehicle triggered the cells and the 

transit-time interval data between all of the stations was recorded 

for later analysis. The only indications of the vehicular motion Chat 

could be obtained were its velocity and acceleration averages over the 

10 foot intervals between transducers as a function of time and tube 

location. 111:1.8 was not sufUcient for a performance and stability 

analysis. 
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DATA RECORDING SYSTEM 

Some possible solutions to the problem of obtaining data from 

which vehicular moti.on can be interpreted would be to 1) carry on-

board fli.ght instrwncnts recorded by camera, 2) carryon-board record

ing devices, or 3) utilize electronic transmitting equipment and record 

the vehicular motion cxternal to the vehicle. Solution 1) suffers from 

the drawback that flight instruments are quite sluggish in opE~rati .. on and 

consequently such a system would be adaptable only to low frequcmc.y 

studies. Solution 2) is limited in that on-board recording devices, 

such as tape recorders, are not only acceleration sensitive but also 

bulky and heavy. 

After a careful analysis of the problem, the staff o~ Project Tube

flight, in conjunction with Malech Engineering and Eltach Laboratories, 

Iric. proposed an electronic telemetry system employing on-board trans

mitting and receiving equipment (Solution 3). A system of tl,"ansducers 

attached to the vehicle is continually monitoring the vehicle's attitude 

and motion, which are electronically transmitted to a recording device. 

Figure 1 is a drawi.ng of a typical tubeflight vehicle equipped 

with sensing devi.ces. A system of seven transducers is shown) two of 

which are, used for. POwc17plant studies. 

The proximity transducers (Bently Nevada) Model l~l06) measure the 

position of each support pad from the inner. diameter of the guideway 

as a function of time. The longitudinal acceleration transducer (Bourns, 

Model 602A, ± 2. 5G I s) is sensitiVia to changes in the axi,a1 velocity of 

the vehicle and thus records the acceleration of the vehicle along its 

longitudinal axis as a function of time~ A palr of acceleration sensors 
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(G. M. Giannini & Co. Linear Accelerometers, Model 3858, ± 2.5G's) 

comprise the roll sy;stem. They are mounted equidistant from the model 

centerline and aligned in opposite directions. The average output of 

the two transducers is electrically accomplished and indicates the net 

;r,oll acceleration of the vehicle, also as a function of time. Both the 

longitudinal accelerometer and the roll acceleration systems are shock 

mounted (see Figure 2). The natural frequency of the mounting system is 

~mall enough so that the accelerometer outputs are not effected. The 

pressure transducer (G.M. Giannini & Co., Model 302, 0-.5 psi) measures 

the difference between the total pressure and the static pressure of 

the air upstream of the vehicle. One of the powerplant transducers 

measures the engine RPN as a function of time. This is accomplished by 

means of a highly sensitive magnetic proximity transducer placed near 

an eccentricity on the engine crankshaft. The other engine transducer 

(Kistler, special design) monitors the combustion chamber pressure. 

The information from each of the sensing devices is continually 

supplied to a voltage controlled oscillator (VCO), multiplexed and 

transmitted to a receiver at the end of the tube (see Figure 3). There 

are eight channels of transmission; seven are for vehicle information 

and one is for monitoring the transmitter performance. The signal is 

then demultip1exed and introduced to a visicorder (Honeywell, Model 1508) 

which makes a permanent and continuous record of the time history of the 

vehicular motion. The visicorder record can be analyzed by use of the 

digital computer scheme introduced later in this report. 

A reliable' system for braking the vehicle at the end of the tube 

was also needed. Thus, a "fai18afe" deceleratio)4 system w?s ip.corpocrated 
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in the telemetry system. Mounted on the vehicle is a sheet of soft 

rubber wrapped around the fuselage and firmly attached and scaled 

along Hs edges (sec Figure [j,). If air is forced into the space be-

tween the rubber and the fuselage under pressure of approximately 5.0 

psig) the rubber sheot will expand to almost f:l.11 the tube but not 

touch it. This expansion system works similarly to the old style air-

craft wing lending edge de-icer system. Tho decrease in cross-sectional 

area will act as an aerodynatn:f.c brake. The braking system is actuated 

electronically as the v~hicle passes a predetermined location in the 

tube and triggers a photoelectric cell tr.ansducer. This then signals 

the failsafe transmit tel' which in turn sends a s:l.gnal into the vehicle. 

Appendix A is fl report by E1 tech Labot:at:ori,cs, Inc. describing the 

electronics of: the telemetry system. This report also expla:i.ns the pro-

ceduro to be followed wilen operating the telemetry system. 

SYSTEM CALIBRATION 

Since the total system is composed of many separate components 

(transducers, transmitter, receivcr, visicorder) etc.) each information 

channel must be calibrated in stages. An example of the necessary 1"1'0-

ced1.lre is Sht1Wl1 hetc for one of the proxi,mi ty transducers: 

1) Transducer output voltage va Transducer location 

2) Voltage out of demultiplexer VB Voltage into voltage 
controlled oscillators 

3) Voltage into visicorder va Visicorder deflection. 

This procedure must be completed for each transducer. Step 1) should 

be performed while the transducers are mounted on the vehicle to 

account for all interaction effects. Step 2) must be executed for all 

seven information channels. Appendix A includes some inj.tLa.l linearity 



system tests (called for in Step 2), The system test,outlined in 

Appendix A, should also be tested at a few locations along the tube 

to assure this portion of the calibration does not vary with the 
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vehic Ie t s location" Step 3) of the calibration procedure has pre

viously been completed, The calibration charts for the proposed visi

corder channels are presented in Figures 5 through 12, No special 

channel on the visicorder need be used with a specific transducer since 

all visicorder channels meet the maximum output frequency specifications 

of the FM telemetry system. After completing the three individual steps 

listed above, the steps can be consolidated into one calibration chart 

for each channel of information presuming Step 2 is found to be inde

pendent of vehicle location. These charts should be validated at regular 

intervals to assure that the system components have not changed their 

chhracteristics (temperature variation, time delay, recorder limitations, 

etc.). 

COl<1PUTER ANALYSIS l-lETHOD 

The purpose of the telemetry system is to make available a time 

history of the data related to the motion of a tubeflight vehicle and 

the absolute velocity of the air upstream of the vehicle. The engine 

horsepowe~ will be handled by means of direct calibration charts and is 

therefore not considered in this section. 

Table I is a breakdown of the information that is required to 

determine the vehicular motion. Table II,is a listing of the data avail

able from the visicorder readings. Witlt the present system, five channels 

of data can be recorded which 'are directly related to th$ motion bf the 

vehicle. As these sensors are pl:'esent:),yii,i'l,$j;:alle!a; only motions of!the 
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vehicle which lie in a diametrical plane are discernible. Motions 

associated with yaw'and/or transverse displacement cannot be determined. 

Since two of the vehicular data transducers measure acceleration 

(longitudinal and ~oll) and two sensors measure displacement (proximity 

transducers on pads) both integration and differentiation of the data 

is necessary. The best way to make the transfer of available (input) 

data to required (output) information is by the use of a digital com-

puter method of analysis. The following is a discussion of the data 

reduction program and the procedure for its usage. 

Figure 13 is a flow diagram presenting the calculations necessary 

to achieve the required output. The computer process is mainly uni-

directional and the~efore each part of the program can be handled 

separately. It is completely written in Fortran language as used by 

the IBM 360 System. The basic progrrun terminology is listed in Table III. 

INPUT 

The input phase has been designed to provide an ease of specifying 

input data that will help avoid input errors. To provide insight into 

data requirements and the processing used, the logical structure of the 

input is described below. 

The first five entries Table II are continuously recorded by the 

visicorder. At regular time intervals, starting with the launch condition 

and progressing completely to the vehicle's final resting state (or some 

convenient other time), these five yar:iabte$ should be tabulated. This 

data, in addition to the times to arrive~":t each photoelectr;i:.c cell 

tq:msducer from the starting po~n,t <::0J;;lstitute 

All input cards USe one;EQ:m~)t,'sb~'Jt'~m~nt, 
~"<J;!,J';"'r ' 

standard Fortran computer cards';h. 'Fhe: 
,j:' '~,,', '1,";/1' I 

, 'I:; 

input. 



illustrated using Figure 14, which is a representation of one card. 

The basic card consists of 80 columns; therefore, the numbers on the 

figure represent columns on the card. Since all of the data follows 

the same format statement, all data should be prepared in the same 

manner. The format is an E13.6 type specification which is analqgous 

to a pow'er of ten representation of a number: 

+428.013 = +0.428013 x 10+3 

in computer notation: 

+428.013 

+0.0007273 

-S790.02l2 

-1-0. 428013E+03 

+0. 7273QiOE-03 

-0.S79002E+04 

When preparing such numbers for data input, they should be punched on 

cards in the form shown in Figure IS. In general, the form is: 

Column 1F 1 

Column 1F 2 

Column 1F 3 

Column 1F 4 

Column 1F S - 1FlO 

Column 1Fll 

Column 1Fl2 

Column 1F13 - #14 

The order of data input 

THiEl 

TOTIME 

ROLLAC (J) 

FOWPRK (J) 

RERPRX (J) 

TUBEAC (J) 

PRESSR (J) 

is as 

Blank 

The Number Sign 

Zero 

Decimal Point 

The Digits 

E 

Sign of the Power of Ten 

The Power of Ten Digits 

follows 

1 Card 

1 C<:!or<il 

(refer to Table III) : 

NUM.Gl:lridS~n .Chl::ltonological Order. 

7 
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TIM I Card 

TIMLON (J) TIM Cards in Chronological Order 

TUnpOS (J) TIM Cards in Chronological Order 

FOWINT I Card 

RERINT 1 Card 

PRSINT I Card 

START I Card 

TEMP I Card 

TOTPRS I Card 

PRXDIS I Card 

GGFORW I Card 

GGREAR I Carel 

GGPROX I Card 

TIle complete elata deck should be placed inunediately behind the mai.n 

program deck following the /nATA card. The actual computer program 

is presented in Appendix B. 

The methods for calculating the required results follow. Note 

that in each section the respective acceleratj.ons have been assumed con-

stant in a time unit interval. Thus the smaller the time unit, the more 

accurate will be the results. 

PITCH VARIABLES 

Pitch Angle 

Pitch Velocity 

Pitch Acceleration 

Calculation Exact 

Averaged betwet:\n indexed time and 
previous time 

Averaged between indexed time and 
previous time 



(see Figure 16) 

PICHV}~(L) 

111'--'1-117';'(-· ) "II ·.,"',nlI1~(I _. 1) r. .. t..~ .... \ I . .J 1J -. r. ~ l.J \ I, J..J .. 

PICHAC (1,), =: ---.•. ~.----.-.~-- ··~rl"):ris'--.. -·····--·-····-·~ 

HEAVE VARIABLES 

Heave Position 

Heave Velocity 

Heave Acceleration 

(see Figure J.7) 

Nosc Up 

Calculation. Exact 

Averaged between indexed time and 
previous time 

Averaged between indexed time and 
previous time 

H1lVP OS (I) ~ R;TIlU' u:;: (I) ,. [0 OS lP I CI-u\N ( 121J[C GJ? 11. o;~ 
+ [SIN [y?1CHt\N (1. ~J[OGIUi:A[~ 

Nosc DOiVl"!, 

HEVPOS (I) :;: FmlPL~X(I) + [cos ~ICHl\N(I3JJ[OGPRO.:~ 

+ [SIN WICHANCI21][CGIYOEF-Q 
Hl~VV'i:r.,(1) = IBVJ?OS(I) ... Hl~VPOj(1 ... 1) 

--~------"-r"T"'i'?t----~-1 l\',uil 
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ROLL VARIABLES 

Roll Angle 

Roll Velocity 

Roll Acceleration 

ROLLAC (N) - lIeasu.:ccc1 

10 

Integration based on average acceleration 
between indexed time and previous time 

Integration based on average acceleration 
between indexed time and previous time 

Exact Measurement 

ROLL VE (H) _ IlOLWS (N - 1) -I- EI1.r]@-OJ,gG_(HL;~().JA.II.QQ1.::.1 ~ 

ROLIAN(N) =[!!H~[Wl,I..vE(N - 1~+ ROLLAN(N - 1) + 

[JUliD 2 ['lOJ:»'S:J.tl ) ~_ ?-.Q!.cLAC (l~ -__ 1 ~ 

LONGITUDINAL VARIABLES (from Telemetry Input) 

Longitudinal Position 

Longitudinal Velocity 

- Integration based on average 
corrected acceleration between 
indexed time and previous time 

- Integration based on average 
corrected' acceleration between 
indexed time and previous time 

Longitudinal Acceleration - Exact Measurement corrected 
for pitch angle 

TUBE1-\A(IJ) 

TUBEV2(IJ) = TUBEVE(IJ - 1) 



'I'lF' !:'J) 0 ("[ J') .... J .. ,J _ .. '" 

LONGITUDINAL VARIABLES (from Photocell Readings) 

Longitudinal POsition 

Longitudinal Velocity 

Longitudinal Acceleration 

Known 

Averaged between indexed 
photocell station and the previous 
station. 

Averaged between indexed 
photocell station and the previous 
station 

TtTP'I.lO'" (~ II f) "'11'J::)')O"" ("<\1 r 1 ) _ ... ).J" l,) J.l .. t .. L l ,.... ',j J ... , .,.. "'A 

Tlfo:1.THO"E 1 ):'-"ifi]JIJ':C)TT(ffi~f-':'-"T)' 

- 'J.'unVJ'a/Hi'·I) ... 'I'U:SVl'~lJ(lfH - 1) 
'rjJ.TJ:-61.T(T?'~1 r-:--'lrrrrr:6ir(1:r;:r-:-r) 

UPSTREAM AIR VELOCITY and VEHICLE MACH. NUMBER 

Vehic18 Bach nUmDC:L" ... :Based on the avcra2:e.d ve.locity 

TUBEVE(KK) 

VEHi\.C l:I (YJ,O = 

Upstr~am .l\ir Velocity - Based on the Clvet'age velocity 
TUBEVE (KK) 

11 
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AIPVI'" (I'Tr) .\. v.!. 1. ,'~.'" 

OUTPUT 

The printed output from the program has been divided into three 

sections. The first is a printed listing of the input data organized 

in va.d.able name groups (all FOWPHX(I) together, etc.). The second 

is a time history of the vehicle motion and the velocity of the air 

upstream of the vehicle. The form of this output is shown in Table IV. 

All of the data :1.n this sec tion has been computed with the aid of the 

telemetry system. The third and last section' of the output is a l15t-

ing of the data obtained from the photoelectric cell transducers mounted 

on the tube at 10 foot intervals. This dat~l is organized as shown in 

Table V. 

ANALYSIS 

The capacity 0;( the program to gj.ve very accurate results 1s a 

function of the amount of data fed into it. In other words, the time 

unit parameter :I.s the only direct control of the error imposed on the 

results. If howcvel: the timel llnH chosen is overly small, the amount 

of data requiring key punching will become unbearable. A compromise 

must be made which will allow convenience, yet will yield reliable 

indications of the motion of the vehicle. 

The program has only one limitation in its present form. The 

maximum number of data inputs for the subscripted parameters is ~,OO. 

If) for any reason I more i,npll t data is necessary) the lid imension" 

statement within the program body must be corrected by changing the 

number l~OO to the necessary figure. 



The program was tested for reliability with a rather rigorous 

specified flight profile. Table VI is a listing of the equations 

describing each phase of the vehicle's proposed motion. A time unit 

of 0.05 seconds was chosen and the variables required as computer 
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input (see INPUT) were calculated and keypunched for processing. This 

block of data constitutes the computer input. After running the input 

through the program, comparative graphs ~verc made relating the computer 

output to the completely known motion of the vehicle. The resulting 

curves are presented i.n Appendix C. In each case, the solid curves 

are the plots of the proposed known motion and the circles are discrete 

poi.nts from the computer output. 

It is readily seen that the digital computer representation of 

the vehi.cular moHon and the proposed motion are just about one and 

tl1e same. Thus, the computer program presented here can be used as part 

of the total telemetry system and thus yi.cld very i'eliable results. 

SYSTEM ANALYSIS 

As it is designed, the telemetry system is an extremely versatile 

method of determtnin8 the vehicular moHon. The system can be used 

with any tubefHght vehicle. However, as the system is presently c.on~ 

stituted .a number of characteristics arc still lacking. The proximity 

transducers have an output voltage versus displacement curve that 

levels off at about 0.6 inches. If the support pads were to heave more 

than 0.6 inches, the output readings would indicate only 0.6 inches. 

Also, the vehicular yaw and transverse displacement as yet has 

not been examined. The present system includes a sensor arrangement 

which assumes that the vehicle is always a~igned along one of the tube's 

croBs~sectional diameter Hnes. If the vehicle wer.e to yaw without 



heaving, the output with the system in its present state would 

indicate a pure heave (see Figure 18). 

From stability theory, it is known that the degrees of freedom 

for modorate disturbances are coupled. Thus, a yaw ancllysis is re

quired for a completo vehicle stability and control analysis. This 

is particularly true if it is desired to examine the motion of tube

flight vehicles in curved guidoways. 

A total solution to this problem could be accomplished with the 

maximum addition of four extra channels of transmission and four proxi.

mity tl:ansduccrs (sec Figure 19). A minimum of two addit:i.onal channels 

would be required if acceleration transducers are used. At the present 

ti.me it is felt that the lISC of proxim:l.ty tr.ansducers would be the most 

reliable method of recording yaw and transverse moti.on. When the system 

is equipped with these newly proposed transducers, the required six 

degrec of freedom analysis can be made. 



Longitudinal Loc8.tion 

Longitudinal Velocity 

Lonrritudinal Acceleration 

r.Joll~it1.1dinal Location 

I ... on[~itudinal Velocity 

Lon~itudinal Acceleration 

:',011 Anf~le 

:loll Velocity 

lloll i',ccelcration 

Pitch Anele 

Pitch Velocity 

.pitch Acceleration 

Heave position 

Heave Velocity 

Heave Acceleration 

(from photoelectric cells) 

Vehicle Lon~i tudinal I-fElch Number 

Velocity of Air Upstremn of the Vehicle 
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'X'iill V;; I I 

Lon:situdinal Acceleration (uncorrected for pitch) 

;1011 Acceleration 

Heave of Forvard Support Fad 

Heave of aeal" ~j1.lpport Pad 

Pressure Differential Upst~.'eaI~l of the. Vehicle. 

'l'he 'rimes to Arrive. a:t Each of the Photoelectric Cells 

from the. S·tfl.rtil1.~ Posi'cion 
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AIRVEL( ) 

AVLGAC( ) 

AVRLAC( ) 

CGIHIT 

CGFORH 

CGPROX 

OGRT~AR 

FOHACH( ) 

FOVELO( ) 

FOfnNtl' 

FQ':-:'PRX( ) 

HEVACC( ) 

ImVPOS( ) 

HEVVEL( ) 

NUM 

PAINIT 

TABLl~ III 

'rL~miINOLOGY 

absolute velocity of' the air·forward of the 
vehicle at time interval ( ), FT/SEC 

average lonzitudinEll acce.leration in time 
interval ( ), F'r/s;~c2 

average roll acceleration in a tiP1C interval 
RAD/';~EC2 

initial ve.hicular h.eave, FT 

longitudinal distance from forHard proximity 
trc:msducer to the ce.nter of f{.1.~avity, FT 

vertical distance from the ccnter of gravity 
to proximity transducers, FT 

lOl1.8:itudinal distance from rear proximity 
tl"ansducer to the. center of gravity 
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Hach number of vehicle l"elative to ail., forward 
of the veh.icle at time interval () . 

ve.locity of vehicle relative to air fOn'lal"d of 
"I:he. vehicle at time interval ( ), FT/SEO 

ini tial heave position of fO~>lard proximity 
transducer, FT 

height of fOI'iV'ard prox:imi ty transducer at time 
interval ( ),. FT, position up 

heave acceleration of center of gravity at 
time interval ( ), F~e/Sl;:G2, positive up 

heave. position of cc.nter of n;rnvity at time 
interval ( ), FT, positive up 

heave velocity of Center of gravity at til'l'le 
interval ( ), FT/Sl~C, positive up 

number of data time points 

initial pitch angle, RAn 



PIcnAce 

PICH.AN( 

PICHVE 

P'")F'SS'~( .'"~ .... ,,~., 1: 

PRSINrr 

pP'::'P:,\tf( ....... ,J .l,'-i 

PRXDIX 

RERIN'f 

REPJ?RX( 

ROLIN'f 

ROLLAC( 

ItOLLAH( 

ROLLV8( 

SOUND 

S'fART 

TE1-1J? 

TIM 

) 

) 

) 

) 

) 

) 

) 

) 

tfABLE III 
(contt.) 

pi tch accelere.tion at t:ime inb~1.val ( ), 
r:.AD/JEC2, positive nose up 
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pi tch an.gle at time in'i:erval ( ), R..4.D, positive 
nose up . 

pi tch velocit:y at time. interval ( ), nAD/SEC, 
positive nose up 

pressure differential at time intel"'val. ( ) 
J ... n/IN2 

initial pressure differen'tial LB/IN2 

pressure ratio, P/PTOT, at time interval ( ) 

distance betw'een proximity transducers, FT 

ini'tiel heave position of rc.'ar pro,dmity 
transducer, FT 

heiGht of re ar prm·::il'1i ty transduce.r at time 
interval.( ), FT, positive up 

initial roll angle, RAD 

roll acceleration at time interval ( ), RAD/SEC2 , 
positive clocl~~,lise 

roll anGle at time interval ( ) t RAD, pos.itive 
clock~vise 

roll velocity at time in1:crval ( ), HAD/SEC 
positive clock~vise 

speed of sound in tube, FT/SEC 

initial longitudinal position, FT 

tota.l temperature of "at 1:'est't air in tube, 
degree.s R 

number of longitudinal photocell photocell 
pi ck.ups 



'rum 

TJ.l.ILOH( ) 

'£0:..'1118 

TO~L'?RS 

TUBACC( ) 

TUBEAC( ) 

'rUI3EAA( ) 

rl'UBEPO( ) 

'IUBEVE( ) 

TUJ3POS( ) 

. tnJBV'1~T.J( ) 

VE:HAOH( ) 

TABTJE III 
(cantt.) 

time unit for divic'~in~ ~,-n to intervals, <1EC 

time to lon~itudinal Dositions of photoc0lls, 
from s tarti11:1 positio~, S:,~C 

·',-.o~- r.l "-1.. ··1e o·r." "~-I' ",·t ('"':'("' L... _ L'·· "_ I.. :.. ." , . ,J ....... 

total pressure in 1:u;")e, LB/IN2 

lon::,itu.dinnl acceleration at phoi:oc811 pickup 
averaged in range, F'£I::-~r~c~, positive fOl'"1'mrd 

, 
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lon~~i tudinal acceleration at time interval ( ) 
uncorre.cted for pi tch, FT/r;;~c2, por,i tive fot'1',rard 

lonc;itudinal acceleration a'~ time interval ( ) 
corrected for pitch, l?Tj:mC-, positive forivard 

10n::;i turlinal position at time. intel"val ( ) 
corrected for pitch, Fir, positive :E'or~'Tard 

10ngi'l. ... l.lclinal velocity at time interval ( ) 
corrected for pitch, F'r/:)~W, positive. fOJ:"l;Y's.rd 

lon(~i t1..1d:i_nal dis tnnce. to photocell picl~up 
frol!1 starting position, li'lr, positive. fOl"ward 

lonrr,itudinal velocity at photoce.ll pickUp 
averClr;~d in the range t Fr.r/:-)l~C, positive fOl'"1:'ard 

actual Hach number of vehicle relative to the 
tube at time 'intel"'val ( ) 



20 

TlillLE IV 

ACTUAL ~WBEPO ROJ-IL.I\N I-r·~Vl')OS PICIIAN V':::l·!ACH 
'rr:HE 

'l'UBEVE~ ROl.,LV8 HEVVEL PICHVE AI RV1'.:L 

TUB}!JlA ROLLAC I-BVAGC PICHAC 

TABLI~ V 

TU13POS TUBVEI-J 



0 -
3.5 ... 

4.6 .. 
5.6 -
6.5 -
7.3 ... 

16 ... 

o ... 

:? .. 5 

l~ .. 6 -
5.6 .. 
6.5 ... 

7.3 ... 

TABLE VI 

Lon~itudinal position 

3.5 sec. 

4.6 sec • 

5.6 se.c • 

6.5 sec. 

7.3 sec. 

16 sec • 

6t2 

S(t - 3.5)2 + 42(t - 3.5) + 73.5 

2 3(t - 4.6) + 53(t - 4.6) + 125.75 

1.5(t - 5.6)2 + 59(t - 5.6) + 181.75 

0.5(t ... 6.5)2 + 61.7(t ... 6.5) + 236.065 

62.5(t ... 7.3) + 285.745 

21 

6"Tl sec • ·2 
-31.25 (t - 16) + 62.5(t - 16) + 829.495 

6"11'.. r6 

Longi tuclinal ''i,Teloci ty 

3.5 sec. 12t 

t~ .. 6 sec. 10(t ... 3.5) + t~2 

5.6 sec. 6(t - 4,,6) + 53 

6.5 sec • 3(t - 5.6) + 59 

7.3 se.c • l(t - 6.5) + 61.7 

16 sec • 62.5 

16 ... 60h' sec. ... 62.5 (t - 16) ... 62.5 
6~ ... 1.6 



a -
3.5 -
4.6 -
5.6 -
6.5 -
7.3 -

16 .. 

0 -

'10 -

11 -
, . 
12 .. 

16 ... 

TABLE VI 
(con't.) 

Longitudinal Acceleration 

3.5 sec. 12 

4.6 sec. 10 

5.6 sec~ 6 

6.5 sec. 3 

7.3 sec. 1 

Hi sec. 0 

Gun sac • -62.5 
6tT((- 16 

Roll Angle' 

10 sec. v1f t
2 

400-
" 

10)2 11 sec. ~(t - + "i(t - 10) 
:~ 1000 20 

12 sec. 2641 (t .. 11) , + 3010jf 
500 . r600 

2 
16 se,c. -qf (t - 12) + 26'fT(t - 12) 

660 506 

60(( sec. 160.341 - 1603'!l BinV "1l ) ( t 
3000 . 6000 6~ - 16) 

22 

+ 'iT 
Z; 

+ 353'1{ 
1060 

- 8 - 3m) 



o -

10 

11 -

12 -

16 -

o .. 

10 .. 

11 ... 

12 -

Roll Velocity 

10 sec. ~ 
200 

TABLE VI 
(con~t .. ) 

t 

11 sec. ~(t - 10) +ou 
:50 20 

12 sec. 260fT 
500 

16 sec. -:if (t .. 12) + 26<tT 
300 505' 

6-:rn' sec. 58"'11 - 1603"Tl "'IT cos( "'It )(t 
1:550 '6000 

. 
6"71:-r6 (6"1r .. 16) 

Roll Acceleration 

10 sec. ?oo 
11 sec. (;'(f 

550 

12 sec. 0 

16 sec. ..c:::v 
300 

23 

... 8 

. ~ - 3"11») 16 - a=rrr"sec. 160,311['( otT' ) sin c;r ) (t ... 8 
60"00' '(6Oif _ ' 16)'" (~ .. ]]") 

- ~) 



'rABI .. E VI 
(con't,,) 

24 

Pitch lmgle (e ) 

0 _ '11/2 sec. 

OW /2 .. 0'f1 sec. 

orr - %/2 sec. 

S~/2 - 1991/8 sec. 

190\1/8 -
I 

2'l'lV8 sec. 

22~8 "7~2 sec. 

71V'2 ... 5 9j{ sec. 

59\ - (5 C>\l sec. 

0 0 0043635 + 0.0043635 sin(2t -"'l1/2) 

0.008727 

0.0043635 + 0.0043635 cos(2t - ~ 

0.00218175 sin(tl-t - 691) 

...0.001090875 + 0.001090875 sin(St/3 - l~lory6) 

0.0043635 + 0 .. OOL~3635 sin (Bt/3 - tr 70/6) 

0.00000 

0.00218175 + 0 0 00218175 sin(2t - 21OU/2) 

pitch Velocity (<9) 

0 - orv2 sec. 0.008727 cos(2t -17rf!2) 

~/2 .... orr sec • 0 0 00000 

'ott. - 3q1/2 sec.' -0.008727 sin(2t z:tt} 

: . ~.r.7f}I2 - 19~/8 sec. 0.008727 cos(4t -6l1Jl) 

19~8 - 22 /8 sec. 0.002909 cos(8t!3 - l~1t;f/6 ) 

22'11/8 - 7W2 sec. . 0.011636 cos(8t!3 ... 47tTJf/6) 

7~/2 - .5ctf sec. 0 .. 00000 

Scm' .. GI7U' sec. 0.0043635 cos(2t ... 21~!2) 



TABLE VI 
(con't.) 

25 

Pi tch Acce.le.ra·tion '0 
(er ) 

o ... errT/2 sec. -0.017454 Si11(2t - "Tr/2) 

'4{ /2 -"'1\ sec • 0.00000 

~ .. 3~2 sec. -O,,017l}5lr cosC2t 2'«) 

3ary'Z - 19~/8 sec. -0. 03l~908 sin(l~t - 6'IT) 

lif11/8 - 2Z'lT/8 sec. -0.007757 sin(8t/3 41ory'6) 

2;!o/8 - '?'Tr/2 sec" -0.0.31029 siu(8t/3 47"6) 

70ryZ - 5~ sec" 0.00000 

5"", - GOff sec. -0.008727 siu(2t - 2141/;2) 

He.a.ve position 

~/2 - 3~2 sec. 

?/iT/2 .. Se>nf2 sec. 

5~/2 - 7~/2 sec. 

7qr/2 ... 9~2 sec. 

9ort/2 ... 5 ~ sec. 

5 orr.. 6 O')J" sec. 

0.1115 ... 0 0 0035 cos(2t) + (6 .. 5/12) cos( e) 

0 0 1165 + 0.0085 sin(t -.,-r) + (6.5/12) C08(8) 

0.1250 + 0.0020 cos(60t/7 ... 195rr/~4) + (6.5/12) 
cos(G) 

0.t2.50 + 0.0150 sin(2t - !j:1f) + (6.5/12) cos(G) 

0.!1.250 + 0.0020 sin(8t - 28qr,) + (6.5/12) cos( e) 

0.:(250 + (6.5/12) cos( e) 

0.:f125 + 0.012.5 sin(t .. 99"9'2) + (6.5/12) cos(e) 



TABLE VI 
(con't.) 
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Heave Velocity 

o ... ~/2 sec. 

an /2 _ 3ctV2 sec. 

3~2 - 5~/2 sec. 

.5~2 ... 7"11/2 sec. 

71Y2 ~ 9~/2 sec,_ 

9C1fJ12 ... 517fT Dec. 

.5 rIT1.. 6 rtrT sec. 

de 
..0.9070 sin(2t) -I- (6.5/12)(sine)dt 

de 
0.0085 cos(t .. qj) + (6.5/12)(sin6")dt 

dGl 
0.0171 cos(GOt/7 - 195qy'14) + (6.5/12)(sine)dt 

de --
0.0300 cos(2t 5"f() + (6.5/12)(sine)Cit 

cis 
0.0160 cos(8t 28~ + (6.S/12)(sine)dt 

de 
0.0000 + (6.5/12)(sin9)dt 

de 
0.0125 cos(t - 9~2) + (6.5/12)(sin~dt 

Heave Acceleration 

~2 ~~ 
0 ... crv2 sec. .. 0.0140 co~(2t) .. 6.5/12(COS~.dt) + sine-ldt~ 

2 eli ~ . (~ . J9 

dfr/2 .. 3'TJf2 sec. -0.0085 Sil1(t -"1D ~ 6.5/12 (cose[df) + sine ~ 

3<1f/2 ... :11(/2 seC. -0 0 ll~69 sin(60t/7 - 19PIT/14) - 6.5/12 (cosG>~ ,~ 
+ s).n t" 

5'"W'2 .. 7urrj2 sec. -O.OGOO sin(2t -" .'PIO - 6.5/12 (cose.~ + Sin.,,~) 
2B"i]) - 6.5/12(cose~f + ~"~ 7~2 ... 9OW2 sin(8t .. 

. --2 
sec. ... 0.1280 (nne -t 

9tTJY'2 .. 591 SeC. 0.0000 - 6.5/12 (coce[?ffi + sin",~l) 
511 ... 6c;rr: sec. .. 0.0125 sin(t - 9Cl)f2) - 6:5/12 (cose&1f + fJe~ sine (ff2 
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This report describes the operational procedures of 

an eight-channel telemetry system developed for monitoring 

the in-flight characteristics of vehicles developed under 

Project Tubeflight. 

This report consists of three parts, which are, 

a) operational instructions for the telemetry 

receiver, the vehicle on-board transmitter, and a failsafe 

transmitter and vehicle on-board receiver; 

A-I 

b) block and circuit diagrams for all transmitters 

and receivers; and 

c) a system linearly study of all eight on-board 

telemtry channels. 



OPERATING INSTRUCTIONS 

A. TELEMETRY RECEIVER 

The receiver has been pre-tuned for optimum operation 

with the vehicle transmitter and voltage controlled 

oscillators (VCO's). No further receiver adjustments should 

be necessary. 

OPERATION: 

1) Turn on 115v ac switch. This will activate the FM 

tuner. Allow five min~te warm-up before proceeding further. 

A-2 

2) The 28v dc supply should only be turned on immediately 

prior to testing or to an actual vehicle run. Without an 

input signal at 675 MHz, the receiver will pass, random, front 

end noise to the channel output circuits. While this is in 

no way harmful to the receiver, the random fluctuat.ions can 

be damaging to a recorder pen drive. 

3) with proper transmitter signal present at the R.F. 

input, the receiver panel meters or any external dc voltage 

indicating device will show vehicle sensor status. 

4) Check receiver output with varipus levels of sensor 

output. See calibration curves for comparison. 

The following is a guide for interpreting various receiver 

output conditions. 

1) Random fluctuations on panel meters. 
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Pbssible Cause. 

a) No R.F. carrier at receiver input. 

b) Receiver no't tuned to R.F. carrier. (Only sligh-t 

adjustment of second L.O.frequency would be necessary 

if this were the cause). 

c) Second L.O. not operating. Check output level of 

L.O. with a power meter. Normal output is 

approximately 80mw (IOmw to IOOmw is required for 

the mixer) • 

d) Tuner front end not operating - check this out 

with any available signal in the FM broadcast band 

(88 to 108 MHz). Apply this directly to the tuner 

input, bypassing the first mixer. 

e} First mixer defective - bench 6heck with an L.O. 

input of 587 MHz (+IOdbm to +20dbm) and an R.F. 

input of 675 W{z (-20dbm to -90dbm). Use PM 

tuner to detect the difference frequency of 88 MHz. 

21 No discernable meter deflection (0 reading) 

Possible Cause: 

a) If all vca's have a zero dc input this would be a 

normal meter reading. 

b} Check for 28 vdc at the filter discriminator 

deck (bottom shelf). 

c} It should be pointed out that the panel meters are 

in seri~s,with the output load (see fig. 5). When -' 
output plugs are not inserted in the panel jacks, 

the load is an internal 5600 resistor. When-the 



output plugs are in place, then the internal 

resistor is automatically disconnected and the 

external load is substituted. Current readings in 

this cas~, as in the case with the internal load, 

will be wholly dependent on the ohmic value of the 

load. 

Knowing the value of the load resistance in ohms, 

current through the panel meter is simply: 

I (rna) = 
E out (V) 
• R CK ohmS> 

Naturally, f,or high impedance devices such as 

oscilloscopes, the panel meters will be indicating 

o current flow. This will not affect the accuracy 

of the voltage readings. 

B. TELEMETRY RECEIVER , 

FRONT PANEL CONTROLS 

1) ,Composite 8 channel ampli tuc1e - This is the FM tuner 

volume control. Do not alter this setting. Too much 

signal out of the tuner will saturate the 8 channel pre

amplifier causing intolerable channel intermodulc'1.tion (cross 

talk}. 

A-4 

2) Second L.O. frequency - This is the frequency control on 

the PM tuner. It should not, ordinaril~ have to be adjusted. 

3) Bias potentiometers (adjacent to panel meters) - These 

control the amount of bias voltage necessar:9 to convert the 

normally minus - plus output from the discriminator to zero -

plus only. DO NOT ALTER SETTINGS. 
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C. TELEMETRY TRANSMITTER 

Before operating the transmitter for external test or for 

transmission in the tube, be sure the output is connected to 

the vehicle probes '(see fig. 8) or to some other, adequate 

dummy load (SOn termination, power meter etc ... ). Normal out

put power to the 180 degree hybrid is approximately 15 mw. 

For testing with the receiver prior to a vehicle run, 

connect a variable attenuater (.0 to 70 db) between the 

receiver input and the transmitter. 

All testing can now be made as outlined in receiver 

operating instructions. 

If the transmitter does not operate (no power output) 

and 28 vdc is getting to the transmitter (no power line break) 

rotate the oscillator stability slug (so marked on transmitter) 

counter clockwise two or three turns and then back in until 

output power is noted. 

This type of starting problem can occur if ambient 

temp. is below 50°F or higher than 100°F. 

It is only a starting problem and will not occur again 

during a normal operating period. 



D. FAILSAFE TRANSMITTER AND RECEIVER 

TRANSMITTER: 

1) Set up with external power supply output connected 

to the input power jack on the rear of the failsafe cabinet. 

Use the cable supplied. 

2) Set output vol t.age control on the B+ power supply to 

minimum. 

3) Connect ill' output to guideway probe or to adequate 

equivalent load (50: ohm termina'l:ion, power meter etc ... ) 

Output power is normally 900mw average (1.8w peak) . . 
4) Turn on +28vdc supply (front panel switch on failsafe 

cabinet). Allow 30 second warm up before proceeding 

further. 

5) TUrn on B+ power supply. Increase voltage output 

to +225vdc. Use meter to set voltage since the graduations 

on· voltage control are not accurate. 

A-6 

6) Transmitter driver will now be operating into the 50 ohm, 

lOw load. (See fig. 9). 

7) To activate transmission on the failsafe signal, 

provide a short circuit at the 'BNC' panel jack on left 

side of cabinet (photo cell input). This will switch the 

transmitter driver output from the dummy load to the final 

tripler. The tripler is a passive device and will 

prov1de, virtual, instantaneous transmission with input 

from driver. 



FAILSAFE RECEIVER: 

Before vehicle run, 'check reception of the failsafe 

signal at the failsafe receiver (on the vehicle). 

Observe 10kHz tone at the input to the braking amplifier. 

A-7 



~1 r 

" '''~"'' \ .,-:. I , .oj -.-:.' fn ,.\ ,-. /7 !! 1 "mp. t,.~"'h! J IOI'.er t "'S",ri~ I ropier t dimii'J r; "'p. '- S"'t ";I 

I I I .0oS t •. < AI', I ! I • -.,.".J;.' • u~ DD t;" r / ' 
, • """"J

Fi

•

1 
,100 • - V.::;!;'t"J' ~ 

.d!.I'r I) I =\ r-l[o ,t"""A T 'l rih ~b r;':'''"'-;''!~ r=--" -. ~ II I ") .=r-~ .. I I~ 'I '00 11 ~~(Oky c-l I ' ' . , - + ! -

I . 3 ...L -;:c 5,t<K 1 -; ."0, IS'> I" = .,_.;;. I ~ 

1

,- r' ll.~!<~ T'~ r -, .01 I .", f .or. ~5}.i. 'i.-,r-~ I 
,""" ...L :> '7 ~ -=- I "'i ,I -:- ~ f--! . If I i - • ,= , ~ I , ~ i 

1\ ' ' ~ , ' 

L'7lr~. I If I 
rtf)d"fr>.,l- tAn ' ! 

0' .""L? V i I ~ +- .' ' .L"P"" .! 
f?-

;28vdc. 

A 
!'l..-,r .t) 

. Tripier (nS-mil2.) 
mp. ,u.cr.::Jm n~ 

• .ooS" 

. <g . 
- 5;;fC.f~ ~ 

:¥~~ f rr T ? ~ fJ<' I 
- "' ...... ..c. i ~ 0<_-_ I 

-=- 2.8 vde 

-,- r· ! to .;-:nqf 

Fig. 1. Telemetry Transmitter 

, • I 
-I~ . ,"' ..... 
... r'i?!I,;;( 

l> 
I 

co 



-r_ L !' 
_I.-riP:;!,. ,:>pr 

1_!5pF 

1 
-:-

t ....., , 

,rV I (f!5!lf.'lC+
l'~ '< ~;~c: .-

\ 
~ 

L • ~ r ~n . ' . 
\ i) 

MOv , J/ .., i I c @ .'\~.,.;(..... r ,I <.... 
<.. /ill ~ l'!i! . i~ r - Jr" j; :£ I _ 1 j / ~ 1 1'opi +1 ! 

I) '-re.femc try 

\ 
'-.t L. 

:J.j rct i! 54- .; e 

T ..... . ') .-1.).4 " , '~(·S /?; ... -,-r 

A'i:~; ~~ 

( r - (7"- I' '\ TO - <l .J n: ,-;:::! 
j 

( r _ r] r. ,( I'l ,,/) 
To - 1(/ -"L)rl') ~- J::'" 

fp '0 \ DO, nJ 1 o.ss 

t .t. ,... t~ ,...,., · 
(.ft,;) :"".:i"" 

\! ! () .n: 
:: I ':-'Oc.et i SCI {/.r.;~;jr' 

f ~ ( t. _ CR I c,-=; ,:.1,1 
'- J 0 - J U b. ,_on, .,~.) 

Fig. 2. Final TripIer for Varactor Tripler 

@ !o) 

(h) 

> 
I 

\D 



;::npuf: 
1{j}{1;~ 

c-
r: 
rif'tJm ,. B.A 

r:;ils~{c 
Delector 

p ... " 

Tifte.lt 

IOKf 

~ -, 

, 4iI ~ "'.Q .. I • ~""·>rac.. 

2lK 

:< fit;) 9;J, Af 
~~ 

-... _1 I ~ 
-r- r:?r.'" .V· I C> [..}, --Ill t?!1' 

. r ~. 
ftc j. ~ . 
?..iIr.P·IY!'~f' 

fls-gufJ 
lK

f 
T 

Fig. 3. Vehicle 10 KH~ Band Pass Filter and Amplifier 

!> 
I 
t-' 
o 



:;::r:.npv1: 
from 

J;;ner 

_1-

...... 0 1 
.~ ~ ~ m ~ ~ 0 o~o V 0. C 

IK~ 
h 6Sl;I Tq~,cJ 
Ij 

PJ<5-
> 

o~-!fJ 

JP-o-'(\-~ 

"""." -'.i><." 

~ 

." fi''} c;; 'I ,,; 
t?'...,C'"oo-,.' C"-o-7 

~
. . '1 1":".. _ I')VFP 

.:1;iJ( m'-·>-• ~'''t_s or --r-
,,~ 10 

~ IK( ~33oft 
~ -'-n It .-1-- t 

lK

f 
4- 5'r;afd 

~ 

Fig. 4. Receiver: Eight Channel Pre-Amp 

Pio.x. 

! /3Qnrj. A.}£c; ...... -- hliars 



I ( 
.-( l.I-t: :rro ((I, 
y1"l1' m9 ore. -D-" • . o:

+.28'1dc. rl _ i 

f
' ~-:;.' - l 

..... ....;i<\., ;}..:l.,°1 loor<: ,. 
~ .01 r---i .pl 

~ -r-n: 1---4 j, ' 

:J.N:i8:J.Jf __ , •. 

.If' f 1~K3 

hI I I 1 
s£~~d~ II' I 

1 T 7 I 

1 -

I 

! . .' ! o ISC f'l m:r.C( cor 
-c a,-n"-

I 

5./r"!<"'"\r~ <:" \;;.\.,).-"....:..-
) 
l 

) '~I ' ~"SK lC;;,~'-· meter 
.. ..----'t" /'. '- i~: :-/ C/ 

r ~ I ,* ~i ~, .' 
t ~ 

7' t -j 11 0f" ,,'i' 
' ~ ~ <:: ./' 

il 

§ ~ ~, 'I~ '':1 ~ ~Ii~:t, I f.:'. ../. _~. ~ 
'- .J::!·~l Uf' i. ~ 
C ?,~ • (-; (, ",/ .~Il- 1l.,,1.' r' r I I! ~v'" I -,-- y- 0-

j " '~, -b 1/ 

I ~ -& - dO" . i 
i I _ I ' ,---A!.~ . .fV'.-----$ .28'1dC 
-.i.,- -L 10K 

, - r 
d..l\2~~:t 

tJrf'-S£T / 1. 
/.)/ f} OUi:.-f?1.I f.-
lU. ,S r : ___ 

(c ,- + I, 0 -0_ -, -
"o"'!Jer t: - Olscr'm. r.J - 0 :! 
-', ~ 0 <. 'A',,;; 
oA n, u t ./',;: - S 60.('/ t----' r ') 0 

"1 •. '\ ~ \,.re-r.or~r / 
o,7Jy -rIO" J ~ r 

.tf70Jl. 

ft.;' A~,'1 0 tJ I: r:' v t ? /0 If /.:; 

Co r; r:$c. fed ,~c i~ terr. .... I 
./ I . I' ~/' '-.1 .; 0,.. .:: ~6.L2. em! "' .... er lOt-e.G I", 

I ,E 
1- , tPd C:SC0I1,1Cc.'1;~ • 

Fig. 5. Receiver: Channel separation and Detection 

:t> 
I 

I-' 
N 



A-13 

. 
1..0 



DiScrim
i nl; fo,-' 

Fig. 7. Receiver Block Diagram 



t11 ~ Ch 1 en 1 
, I' r "{;. .. T rafl.s &'cer- ~ondr .. 10r.;/7:'i 

~. 

/
8 vco£. 

VC.O r· .1-
~ 

I 
...::. \..J rc VI 1... . -

I . , ! i 

r~~: 
. i 

-

I 

P 
i i ~ i 

oJ it<J: ~q1 

U)( I 
, r ! 

t· / . .;.! 
h f rtffi{) lYle," 

f!;> 

,~;~~ ' ... ~e, 
,VI ilY 

~& ({V 

r i8~dc I I . 
I S"PP~ I I I X:'i:r. I 
I. I !, \ 

~ 
1800 Hfhpd 

I. ! 1 . '. 

I • I I 
I I 

7(J~ Uyhr J-[ 

I I 

c --~~. ----------~1~ I \ f ,-

I 
I ! I f,f I 

J 1J J J' , rt~~===- J----i I~KH2- t' 
. 1I1:1) ~o __ < In '\ limpliiif?i'l '> r. /?,,-" ... -.L il! JI \ /3<i!;K-J' , • v "q '''" 

\ 

7 .J; '7" . ,,,,... A !!' " 

~ b' h ",' ,/ ", {.. ~.~' . ,. . ~"v ",;. II! " .75m nz Je+ p , f-o I' .; /f-/J (l r; e F 

1f, .. il"'''' !il (r> .. ; ---- r- ' 
\ I-.t! t.::JCrn f (" I :; iii: ... '1' .. 0. -0 "ff'-,p, n 

ill 0 pen .' ~ I~ 

Fig. 8. vehicle Block Diagram 

:> 
I 
t-' 
lJ1 



A-16 

.. 
" "'~Jl -t3 ~ 

Q.... 
--+" ~ ..... -

o 

bO 
Or-! 
~ 

'··'fl'·'l"'t'1 



<... 
QJ 

-"-0 
L 
() 
<..) 
Q) 

('\:~ ~ 
~ 

0 () 
"1..) ;. 
~ 

-4J 
Q. 

-\-J 
':.:l 

0 

A-17 

to 

8 

b 

't 

o -----.-.-. -_ .. _ ...... "'-- ··_······· .. ···_··_-····:i· __ ·· .. ,_ .. ··_--:·_·-3-·· ··.;.'~""'·'-··-"··' .. ~·-·-"-·)7·.:;;,;;..,-;;·::;.'----·-·---i-·-"'-'··" ... " .... " .. 

]-.: 1/ p u tf 0 V C 0 
(Vf(/I;s) 

Fig. 10. System Linearity 
Channell (1700 Hz) 



1:2. 

10 

-I Y1 pvi:. 1.: 0 V Co ( l/()/br.) 

Fig.'ll. System Linearity 
Channe~ 2 (2300 Hz) 

A-1S 



J.?. 

:Inpvt 1.0 VC 6 

( vo/·b:;) .. 

Fig,' 12, Sys tern Linearity 
Channel 3 (3000 Hz) 

A-19 



'l:~ 
""{l --~ 

':>. 

"'-' 

l 
,. ~.l 

~ 
<i 
\.' 

,.(:) 

~}: 

c 
"'~~ 

"\1 
~ 

,.~~ 

c:) 

1.2. 

If) 

8 

~ 

A-20 

I 
Q.. --'--3-·--'·-·----.;;r--·---___ '·h:;;:'-' __ ._.M-

In p{)i to VC6 
(vol';;z) \ 

Fig: 13. System Linearity 
Channel if (3900 Hz) 



~ -... 
<;J 
::. 

'---" 

C. 
\) 

r'''(J 
(..:, 
'(j 

\l 
(II 

C'( 

<::', 
..... ~~ 

-~.\ 
':.\. 
~~ 
~ 
~ 

() 

It) 

<3 " 

0 

;·l 

/ 

./ 
/ 

f/ .-
;/'" 

L1rV'~ -to' V co 
(ucH:,,;;) 

Fig. 1L~ .. System Linearity 
Channel 5 (5400 HZ) 

...... , , \ 

A-21 



? 
.... ,;"j ... .::., 

........ 
G 
'), ......., 

I 
" ~J 

.~(! 

~" 
1,;, 

\) 
.,.,,('t; 
~ ),: 

,', 
.j 

.... ":~~ 

e-t~ •. ",\ 

~1 
" 

I\'"J;:}~ 
", 
~. 

(') 

, ! 

J11 "J 

8 

J·I 
,~,l 

/. ,/1' 
:fl' 

,Fig. 15. System Linearity 
Channel 6 (7350 Hz) 

A-22 



..... ~ 
'1 

''''I.~ --... 
~ 
'::':> 

'-.....J 

l.. 
Q) 

~'Ij 

l. 
C 
U 
v a:: 
~ 
-W 
~ 

-\:t-
~ 

0 

I,?'. 

ID 

, 

1/ 

Eig. 16. System Linearity 
Channel 7 (10500 Hz) 

A-23 



/ .... 
VI' 

:~~ 
~" 

~ 
..... -' 

~~ 
~J 

". Ij' 

~. 
,~) 

\..\ 
Q) 

(.r: 
(') 

.... p 

.. ~;...,' 
~ 

t\.. 
... p .. ) 
a 

A-2'-l, 

/6 / 
8 

11 

a .. - .... --.. , .. -----.-.-.-----..... ,-...... , ..... _ ...... _-......... _ ...... -.- ......... --..... _ ....... - .... ,.-...... --.... -.~ ....... -~ .............. -........ -... -
~ 315 

vco 

F~g. 17. System Linearity 
Channel 8 (14500 Hz) 

( 



APPENQIX B 

Digital Conpu~er P.ro~ram. 



B-1 

IJOB hIS} rOWFLL,PAGES=200 
1 D I : ~ E r..1 S r c: \1 i<. n L L ,\ C ( 4 0 0 ) • R P'L L \f C { It 0 O} J r{ n L L .\ ') { 1\ 0 0 I t F 0 >1 p p. X ( 4 0 U 1 , ? [ K P ?. X ( 4 

1 0 I) I , H F. \I pes ( 4 () 0 ) ,H E \f V ~ L ( tt 0 0 I , h f V A C r: ( 4 no) , pre H !\ t·J ( (t a Cl) , P [OW E ( It 0 D ) , p [ 
2 C H II C ( l. GO 1 , T tJ rt [- !\ C ( I! (' r:,) , r LJ e [ A A. ( 4 (\ 0) t T U Ii F V E ( 4 Q 0) , T U P, E P 0 ( 400 ) , rUB P D S ( It 
300 1 , T U[\ Ir= L ( I, i) I) ) , Tl J P. Ace i Ii 00) , r R [5 S R ( (t 00) , T I ~~ Lor ~ ( I~O 0 ) , .f), V 
4· R U'l C ( It 0 0 ) 1 ,~ V L :; !\ C ( 4 (I 0 I t r- [' :.; .1\ C.I-! ( (t 0 (;) , V E ~! ,.-. C I! ( 40 D) , FOil E UJ ( It 0 0 ) , t, t R VEL ( 4 
500) ,PRSR!IT{lI0 f1 1 

2 Rr:~[1 (1,1.0G(,) TIME 
3 1 0 0 0 F (If<Y .,H (J X, F. 13 • 6 I 
4 REf\D (1, lOI)()) HlTI/v'E 
5 N U M = T () T [ /'1 [ / r [ ME 
6 M!Ut·': -= Tn f! tiE' T [~~E 
7 IF (!\~~uv-nu") :)'7)'),777, 88H 
8 99C) r'H)!":= ~HJ~' + 1.0 
') GO TO 777 

1 0 8 B B ~.,iU ~': = ' I U I' - 1. 0 
11 777 READ (1,1000.) (R.()l1,·r-.C(Jl,J=lJ·~Uf11 
1 2 R ~ A D (1 t 1 0 C· C 1 (F 0 v; f) ;~. Y ( J ) f J = 1 , N lJ M I 
13 REA D (1, 10 ('. r ) ( :~ t: p p 11 X ( J) t J = 1 , N lJ ~\l 
14 REA!) (1,100,0) (TU~.E!\C(J),J=l,,~LJM) 

15 READ (1,1000) {PRFSS~UJ) .. J=1,NU1U 
16 READ (1,100() T[M 
17 ITIM = TfM 
18 R F.: l\ D (1, 1 Q 0 (I) (f p.' U)"l ( J) ,.J == 1 f r'" J I~ ) 
19 RE~D (1,10(0) (TLJPrOS(J) .. J=l,lfI~) 
20 REt\1) (1,IOOn) F{)y'INT 
21 READ (1,1000) RERINf 
2 2 p, E A D (1., 1 8 « ~J) 1{ 0 LIN f 
23 [{C/IO (1,1')00) PRSHlf 
2 It REf, 0 (1, 1 0 0 (I) S rAP, T 
25 I?"r;:I\O (l,lO~I(\) TH'~P 

'26 RE.'\D (1,lO('0) TllfPRS 
27. K,i:AD (1,10nO) PRXDlS 
28 READ (l,100('l) CGFORW 
29 READ (1,10CC) CGREAR 
30 HEAD (1,1000) CGPRrlX 
31 \-I}UTF. Drl) 
32 
33 
34 
35 
36 
37 
38 
39 
40 
ttl 
42 
43 

't it 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54, 

\JR IT E ( 1,2) 
~'k I f E (3,10()J) fIt-IE 
\.' R 1 T F. (3,,, I 
\'IRITr: (3,1C0CJl TUTIME 
1-1 R {T [ (3, 9 1 
~JI~ IT E D ,11)01) I (IV'LLI\C (J, t J'=l, NU/l) 
!";:~ ITt ( '3 , 5 ) 
I-IR I TE (3,1000) (Fm~Pf~X(.J) ,J=1,~W11) 

WRITF (3,6) 
WR r fE (3,1000) (RfRPRX(J',J=11 NUM) 
WRITF. ( 3,7) 
WRITE (3 f 1C'OO) (TlJBEAC(J),J=l,NUM) 
I'IR T TE ( 3, ') 
I-/RITE ('3,1000) (PRESSR{Jl,J=.l,NUMl 
WR I TE {3 1101 
~IK. I TE (3,11)00) TH~ 

WRITE (3,l1l 
I·m I TE (3,lOnO) ( T ! t', I~ [) t~ ( J 1 ,J = 1, I TIM 1 
WRITr: (3,12) 
WRITE DflOOO) '(TUBPOSCJ),J=l,TTIH) 
WR I fE (3,13) 
WR fTE( 3,lC()O) FOWINf 
WRITF. (3,lA) 



55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
7"3 
74 1 
75 2 
76 3 
77 4 
78 5 

79 6 

00 7 

81 9 

82 10 
R3 11 

84 12 

85 13 
86 14 
87 15 
88 16 
89 18 
90 19 
91 20 
92 21 
93 2~ .:> 

94 26 

95 27 

C 
C 
C 

96 
97 
98 
99 

100 1001 
101 
102 

HRITF. (3,1Cr.n) RERINT 
WRITE (3;15) 
I'IO, I H: ("3, t C· ')") ) R n LI ~If 
\~ KIT f (3, 1 t. ) 
WRITE (3,lC08) PH~I~H 

h'p.ITf. (3,18) 
~J R r T 1: ("), 1 0 () () ) S T 1\ R T 
W:1,ITE (3,19) 
\'\RITE ('~'tl(iOi)) rE~'p 

hRITE (3,20) 
v!RIT[ (3,1000) TOTPRS 
\~ R t T E (3, 2 1 ) 
WRITE (3,1000) PRXnIS 
W Rf Tl: ('3, 25 ) 
WRITE (3,1000) CGFORW 
WRITt= (3,26) 
WQITE (3,1000) CGREA~ 
1-1 R. I T f (3, 2 7 ) 
~RITE (1,1000) CGPROX 
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r-O;'!'MAT {5/dll-l:'*****I:****II'*I:'***~1I: (),\T,\ PJPUT *1l-********I1-*) 
F 0 :U·! l\ T ((. 1 H (l 1} * * Ii * * * T[ I·' E Wl[ T , TI ~~!: BE T\..J E r:: \1 REA DIN G S ) 
f (J R 1·1 A T (2 (, l~ [r -IH:· * * * * * Tr I f;\ L T r ,.., [ rJ F T EST) 
FOi\/'.\A r (3CIIQ'1H ***~'*RIJLL ACCELERI'>.T I fJ"I<:; VERSLJS T I ME) 
F ("\ R r·\ 1\ T (~ H H 0 * II -/: * * ~. 11· Ii t: I G H r 0 F F n Il \~ /\ R D r R n X T r., I T Y r R /\ N S fl U C E R V E R SUS T 

1 [t~r:) 
FORMAT (55HO*l:'***~*HE1(;Hr OF f{EAR PRqxIMrTY rr~ANS[)UCr:K. VERSUS rPIE 

1) 

FOR I~ A T (691! 0 if iHHI * * * L 0 ~ J G ( T U I) I N A LAC C f l F. R. /" T J r 'J , UN C [) H R E C TED FOR PIT C 
1 H, V E R S I.J ~ T IiI, E: ) 

Forl·jAT (G3'·IC~·***lI-*I<Pf~I:SSUR[ D.lFFERr-rHll\L FDl..JARD OF THE VEHfCLE VER. 
1 SUS T I r·~ E 1 

r: 0 RIII.\ T (I, B I i a * * ~. * * * i!' N lJ F B E R (1 F jJ HOT Cl eEL L LON G T T U 0 I N ALP I C K UPS ) 
F f) R r~ AT (~j (! Ii Cl * * * * * * * 1'[ I~ E· TOP H () Toe F. L L PIC K UPS, MEA S UK. E D r- ROM T H I: S T 

lART) 
FOR~lAT (60H0****II-**GISTANCE FRON ST.t\RTII'IG POSITION TO PHOTOCELL PI 

1CKUPS) 
FORMAT (5 /,ll(\lt'*'IHHHt-INITIAL HEIGHT OF F(1R~JJiRO PROXIMITY TRA\JSDUCER) 
FOR ~~ A T (5 1 H n 11 II- i! II- * * * PH T [ 1\ L HE I G ,., T n F REA R PRO X J M [ T Y T RAN SOU C E ~ ) 
F [) R rv,;\ T (2 6110 I: * -/:. * * * "* T N [ T U\ L R () L L A !,~ G U: ) 
F n R r~ A T (1 7 H 0 * * "* * * * it PH T 1 1\ L P I~ r: s SUR r: [) IFF ERr: "J T [ A L ) 
FOIH1r\T (]·7110*1l-*****PlrTl.t\L LnNGITUnl~ll\L poSrrrON) 
F [)Rr-IA T (." UIOH.oII-IHH I) A.r R TE~PE R/H U!{E Hl TUB E) 
FORMAT (301In****II-*I:-TrHAL PRESSURE IN TtJElE) 
FORMAT (46IfOIl-***If.*l1DISTANCE RETl4EE~1 pqnXll'IITY TRA~SDlJCERS) 
FORI1l\T (63110.*****~DrSTANCE FROI~ FO!HI~RD PROXIIHTY TRANSDUCER TJ C 

loG. LTNE) 
FOR f'.1 A T (601/ 0 1l- IH II: iHHI- f) T S TAN C E FRO M REA R PRO X I MIT Y T RAN SOU C t:: R TOe. G • 

1 LINE) 
FOR t"i A T (5 511 0 * * * * * * * fn S T /\ NeE FRO Me. G • TOP R 0 X I MIT Y T R /\ N S Due E It L I t\j E 

1) 

********************************************************.** •• *.* •• 
********.**~~**.*****.**.**~**********.*****.************.*.- ••••• 
C/\LCtJL/\T[ON OF HEAVE VARIARLES 
DO 1012 I::Il y NUM 
A = F 0 ""If' r~ x ( 'r ) 
B '= HERPRX( J) 
IF (A-R) IG01,lOO?,l002 
C = (B-A)/f'lRXDIS 
a ;: l-C s"* 2 
e ;: s l~R T( D) 



103 
1 Q/. 

105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

131 
132 
133 
13 /t 
135 
136 
137 
138 
139 
140 
U.l 
I /t2 
1't3 
1'+4 

145 
146 
147 
148 
L,II:9 
15'10 
~:;~j;l 

t5'a 
lSJ~ 
ii~';5!4\.·. 
"!~~;5 . 

1002 

1003 

1004 

1005 

1006 

1007 

1008 
1009 
1010 

1011 
1012 

C 
C 
C 

1013 

1014 

1015 
1016 

1017 
10H~ 

C 
C 
C 

1019 

1020 

1021 
C 

HEVPOS([) = ~+CGPROX*E.CGFn~w*c 
GO TO lon, 
C = (A-f.\)/P~X()rS 
o ::: l-C*1}2 
E .= SQiH I D ) 
HEVPOS(I) = B+CGPRQX*[+CGRFAR*C 
K = I-I 
IF (K) 10f)'1 1 l004,l008 
,UERO = r-f)l,'!PIT 
[HERD = Rr:RI~H 
[F (AlfRn-PIERO) 1005,1006,1006 
CZERO ::: (rlERJ-AlfRn)/PRXDIS 
07ERO = 1-C1E~O**2 
EZERO ::: S0QrIDlERn) 
C r, I ~l r T= 4. ;"tR r) +CCPR ex * E Z:::r!,n+ CGF(1IU: *C Z f=:RO 
GD Tn 1007 
C 7 E ru J = (!~ 1 F IW - f1l E I~' D) I P R X 0 I S 
D1ERO = 1-CZFRU**2 
ElERO = SORTlDZERr) 
C GIN [T -= Q Z ,.:!~ CJ + C G P R D:< * Eli": R ()+ C G RE i', R ~c l !7 R lJ 
H E V V r L ( I) ,= (H [ V P 0 S ( I ) - C G I :-J I r 1 / T I ~, r: 
GO TO 1009 
HE V V ~ LC I 1 .::: (II f V P (] S ( [ ) - It E V P 0 S ( K l ) / T HI E 
IF (K) 101 0 ,1010,1011 
IIEVACC (I) = }F:VVEl! 1) IT PH: 
GO TO 1012 
HE \I /\ C C ( [) -= (H [: V VEL ( I ) - f-H: v v f: l. l K ) ) / r [ ~1 E 
cOt'n rr~lJE 
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******.**c***.*.***~**~******************************************* 
***********~****************************.*********~******* •• *.~*.* 
CALCUL~rln~ OF PITCH V~RIARLES 
0["1 lOlE' L:::1,"'UJ,1 
M == L-1 
IF (M) 1n 13,1013,1014 
PAINIT = ARSI~«FnWINT-RERINr)/PRXO(S' 
prCHM~('-) -= ,'?"SIN( (Frlv·'PRX(L)-RERPRX(L) )/PRXOIS) 
PIC H v r: ( L) '= (P I ell f\ ~~ ( L ) - P ,\ r ~l [ T) I TIM E 
GO TO 1015 
PICHrUl(L) = ,~~SIr\!I(F('I'PRX(U-RERPRX(L) )/PRXDIS) 
PICHIJEILl '.= (P[OIAN(L}-PICHI\N(r·1)'llrH1E 
IF (f~) 101( ... ,1016,1017 
PIC H /\ C ( l.) ,: p or 0 I V F ( l) I T U'i E 
GO TO 1010 
PICHAC(ll '= (prCIIVF(ll-PICHVEonl/TrME 
CONTrNUE 
*********.***c*****c*********************************** ••• * •• _** •• 
.*.*******.***********.**.**.* •• ***.******.***.*.***************** 
CALCULIIT{OI'I UF ROLL VARIARLES 
/) 0 1 0 2 1 II) = 1 , N lm 
NN= 'N':"l 
fF (NN) 101Q f l019,1020 
AVRLAC·(N) ~ ROLLAC(N)/?O 
RO~LVe(N) = AVRLACIN)*fIME 
ROLLANCN·) = O.5*AVRLAC(N)*(TIME**2.' 
GOTDI02.1 
AVRL·ACIN) = (~OLLAC I "J) +RnLLI\C( NN) ) 12.0 
ROLLVEfN) '= ROLLVE (NN)+l\VRLAC(NlIlTIME 
ROt\:.r!\N"(N) =R 0 L L VE ( WJ) -l: T r I"'e +0 ~ 5 *AYRLAC (N) * ( r lMe** 2,·.) 
CONtI Nl)'l; , 

"!I' *,tj;j*,'lIT *i***, * '* ** *' .. " * * It * * ** if .* * if * '* * if *' '* *'.~.'* * ~* I}*if * IHI'* -fl.,jI1 *.*,).*,),*;411' 
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c ******c***~**~*********c****~~.*********.**************'***.**.c~* 
C CAL C U l !\ rID 'J (1 f L CJ r·J SIT U D f ~.; ,', L V In I A P L E S ( t\ S PER 0 "J B C ,'\ R 0 ~ tAO 1 'r; s ) 

156 DrJ 1024 [J=l~~!lJt.l 
157 JI ;:: IJ-1 
158 IF (Jf) 1027,1072,1023 
1 59 1 02 2 TL.I f', E ;\ 1\ ( I .j) - fl.J!1 E ,/I C ( I J ) 1 C r s ( ~) I C II 1\ N ( r J ) ) 
160 t,VLGhC(I.J) = TlJ['.EA~(IJ)/2.0· 
161 HJP EV f ( I J) = ~ VLG t:, C ( I J) * T H1E 
162 TUPEPO(IJ) = O.5*~VLGAC(IJ).(TIM~**2.} 
163 GO TO 1024 
164 1023 TU~EA~(IJ) = TUBEt\C(IJ)/CGS(PICH~~(rJ}) 
1 6 5 A V L G 1\ C ( f ,j) = (T I J!-\ E f::, A ( I J ) + T U P F !\ lI. ( J I ) } 1 ? • 0 
1 6 6 T I J f:\ EVE ( I J) -= T U P., E \j E ( J I ) + f\. V L r; !~ C ( r J ) * T U1 F 
1 6 7 T U!:\ ErG ( I J' = r U 2 EVE ( J I ) ... r I '\ [ ~ 0 • '5 * rl'IL r; ~. C ( I J ) II- ( T Ii·, E H· 2. ) + T Ll [!, E P u ( J I ) 
168 1024 CONTINUE 

169 
170 
171 
172 
173 
174 
175 
176 
177 

178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 

C ********~***************.********************.*****************_ •• 
C ****.****************.***************.*****.~.******.******.**** •• 
C C 1. LeU L'\ TJ [) I\l n F L CJ \j G IT lJ C [!-J t. L V 1\ fI. L,\ B L r.: S (A S PER P HOT 0 eEL L K E r\ f) l"J G S ) 

1025 

1026 

1027 
C 
C 
C 

102A 

00 1027 v~=lyrTrM 
LK = l'r~-1 

TF (LK) 1025,1025,1026 
T U R v r: L ( ~: M) -= T U 3 P n s ( r"~' ) / T I I'-' LO \J ( 1'1 M ) 

TURACC ( ~~:~) = T (J'wr L (~111) / TI 1··;LC~~ n~:·q 
GO TO 1027 
T I J (l. VEL ( !.~ t.') = (T U~, P f' S ( I •• ,~!- ) - Ttl S P !J S ( L K) } 1 ( T I f~ L [l ~~ ( :" ~1 ) - T I ~l L 0 \l ( l K ) , 
TlF{ACC (r.~:,,) = I TtJPVfL( t·~~' )-TUGVEL (LK» 1 (TI ,~~LorH :·~~'n -TI ~'iLON (LK») 
crWTIl\lUE 
********.**~*~*********.*********.*****************.******** ••• * •• 
******R*.***~***********************.***********.***************** 
C i\ Leu LH I C q f1 F F L lJ I 0 V f. L n CITY FOR vl/\ R. 0 n F THE V F. HIe 1. E 
SUPER =(-7.)/7. 
S n l.! N (i = l,c). [12 *'S Q R T ( T E ~1 P ) 
o fJ 1 G ;( f\ K K = 1 1 1~ U t-l 
VE[';I\CH(KK) = TU8EVE(l,K}/SrJUNO 
PRSR~T(KK) = 1.0-PRFSSq{KK)/TOTPRS 
A!:\C = ,5.rl:·(Pi~SKI\T(I<t<,) uSUPER-l.0) 
F n J~~ A C H ( K Y) = S (.1 R T ( An C 1 
FnVELO (ICK) = FUII:i\CI' (:-'.K) *SUUND 
AIRVEL(KV) = TUREVE(KK1-FOVELO(KK) 
I-)~ J T f (3, 100) 
vi f~ T T E (3 1 1 (\ 2 ) 
\.oJR I T E ('3, 1 a 3 ) 
\~RJTE (3,lC4) 
~IIUTE (3,105) 
WRITE (3,106) 
\>j R I T E (::3 , 1 07 ) 
\~R I Tf (3 J 1 C'8 ) 
hR. I TE ('3, Ill) 
viR I TE (3 J 112) 
\~ RITE (3 , 113 1 
1,~lUTE (3,lH) 
HRITE (3,115) 
WRITf: {3dl7l 
WRITE (3,L18) 
\,I;~ J T E (3 J 120 ) 
WU TE (3,121) 
l'iR I T E (3 ,1 22 ) 
I.JR ITE (3, 123) 
\,~ R J T E (3, 1 2 'd 
viR lTE (1,125) 



208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
22'+ 
225 
226 
227 
228 
229 
230 
231 
232 
233 
23 /t 100 
235 102 

236 103 

237 l(JIt 

238 105 
239 106 

2 /tO 107 

241 108 

2 /t2 III 

243 112 

2 l , It 113 

245 11/+ 

246 U5 

247 117 

248 118 

249 120 
250 121 
251 122 

25? l?3 

B";S 
v!~ r T E (3,t2(,) 
Y.:R r TE (~,l2n 

~!R I TE ( "3,l2P) 
\1~ I TF ( 3,129) 
\'''':', I T E (3,130) 
!ARlTE (3,131) 
ltiR r T r: (3,132) 
\., R T TI:: (3,133) 
viR r T E (3,lVtl 
~:p. HE ( 3 d 36) 
~'iR rTf (3,t:H) 
\'i~ I Tf (3,138) 
l·iR I T ~~ (~,13q) 

\·.'R I Tf (3,U,O) 
\-IR r TF. ( 3, tt,1) 
~!R I H: (3.,1 /12) 

\~R I T[ (3,tt,) 
~iR I TE ( 3 r 1 (, It ) 

\-{R I T r: (3,tt,5) 
WRITE ( 3, ll, () ) 
'tJRIT[- ( 3,147) 
viR TTF: (3,148) 
'r'JR I TE ("lit") 

I-m In: (3,151) 
\·:k I TF (3,l~)n 

\~ P. I T r: (3,1'5'3) 
F I) R ". A T (5 Ii H 1 IHl- ~ * .1(0 l:} * * * * * *If IHHH~ lI-~ * * " T I: R ,,/ T N 0 L [] G Y if *11- * * * * ~ * * * * * If * * IHt IHt ) 

f: n R ~ ~ T ('17 H A UW F l( ) - - - - - - t\ r. S (l LlH r~ v f l C' CITY 0 F THE A [R F 0 W " R 0 J 
1F THE VEllICLE AT TIPf. [~H[RVi\l ( ), FT/SEC) 

F f) R 1",,\ T (r. 511 t\ V L r, 1\ C ( ) - - - - - - t\ V E R 1\ r; E L WJ G IT U D [ N A lAC C E L ERA rIO N [ ~ 
1 A T r /J E I' I r r: Q, '/ "L ( ), F T / S E r: / s r: c ) 

F n I" ,V 1\ r (7 B H ,'\ V I"~ L,'\ C ( ) - - - - - - A V F. RAG r- R n L til. C C E l eRA T I [) N ("J A T I ..., E I 
1NTCRVAl( ), R~r/SEC/SEC) 

F [) R t·~ A T (i+ 5 Ii C GIN I T - - - - - - - - - I N IT 1 J\ ~ V f: H I C U L 1\ f{ H I: A v E , F T) 
FDRMAT(lCIH ·CGFnRW---------lO~~ITunINAl OISTA~CE FROM FOHARD p~o 

1 X ft.~ I r Y n .. V: s n IJ C E R T [! THE: C E i\i T E R 0 F ('j q !\ 'J :r T Y, F T ) 
FOR (11 A T (?, 711 C G PRO X - - - - - - - - - V ERr r c <\ l 0 [ S T 1\ NeE FRO M C [N T E R D F G ~ 1\ V 

lHY TO P~[)):[I,';fTY TF{MJSOtlCER$, FTl 
FOR r·\,,\ T (9'1 f! C G R i: A R - - - - - - - - - LON G [T U n Hl A L DIS T A ~ C E FRO [.1 R E /\ R P i? J X I 

11': I T Y T R N~ S /) U r. r: H Hl T Ii I: C E NT E ~ 0 F' G R -'W IT Y, F Tl 
FORMAT(IGOH fOMACH( )------MACH NUMO~R OF VEHICLE RELATIVE TO AI 

1 R r (1 R \M IU,' Ji F r H f: v E II [ C lEA T T o~ E ( "l T E R V A L ( » 
FDR~'AT(lC~I' FOVELO( )------vELOCrTY f1FVEHIClE RELATIVE TO IdR. F 

lO\~l,R[i OF TIle Vcl'lIClI: AT rI/-1E UHERVAL ( ), PT/SEC) 
FnR:'\I\T (75H Ff1(1PH---------Hf[TIAl HFAVE POSJTION OF FDI~ARD !)R(1X 

11 MITY TRA~SDU:~R, FT) . 
FOP.~AT (')[,1-1 Fo\~PKX( )------HErGHT OF FOR.~'ARD PROXIMlTY TI>.I\~SDJr:E 

1R AT TI"1t= I'Hr-7RVAL ( ), FT, PlJSITIVE UP)· 
FORMAT(103H HEVACCI )------HEAVE ACCElERATlON OF CENTER OF G~AVI 

lTY ,'\T rIME J~HERVI\'- ( ), FT/SEC/SF.C, POSITIVE UP) 
FOR ~1 A T «(] 211 HE V P 0 S ( ) - - _ ... - - H E A V E P n SIT 1 0 I\j 0 FeE N T E R 0 r- G R A V I T Y 

lAT TIME I~Tf~VAl ( ), FT, POSITrVE UP) 
FORMAT (05H HEVVfU )------HEAVE VELOCITY OF CENTER OF GRAVITY 

IT TIME PHERVI\L ( ), FT/SEC, posrnVE UP) 
FOR~c:.J\T (liAII NUtl ---- .... -------NUfvlBER nF DATA TIME POINTS) 
FOf.!.I~AT {lt211 Pi\INIT------~--[~IITIAl PITCH ANGLE, RAD) 
FClPMAT (:::lr.H r[CHAC( ) ... ---.... -PITCH ACCELERATION AT -rIME PHERVAL 

1 ), RAD/sec/sec, PDSITlve NDSE UP) 
FOfiYf,T (73H PICHAN( ) ....... ,..---PlTCH .I\NGLE.AT TIMF. INTE~VAL ( )'i~AD 

1, pnSlfrVE NOSE UP) 



i3 

B-6 
PICIIVF( )------PITCH IJ:::LOCITY AT rIr"E INTERV:\L ( ), 

1 R AC~ I S [C, p n SIr I V E ~4C S E tJ ~ ) 
i 4 1 2 5 F (l q 1"\ ,,\ T ("10 H P r-~ F: S S;{ ( ) -- - - - -? RES SUR E D IFF ERE ''IT Ill. L AT T P'l E I \j T E ~ V A 

1 L ( ), L III r ,.~ I IN) 
15 126 FOF:/I-'AT (~j7H PRSPH---------IN(TIAL PRESSlJRE rJfFFERE~(r IAL, LH/I'iI 

i6 
1 r N ) 

1 2 7 F n;H~,\ T (6 2 II 
Ivfl.L ( » 

p:~SP,rlT( )------r~ESSIJRE RflT(D, P/PTOT, AT TUi!: I'lrE~ 

57 1?l3 FrJiH<AT (6f)H pi{xnrS---------DrSTI\~~CF. BETyiEE'~ PR[)XII~lTY rR"~JSDU::E~ 
IS, FT> 

5R 129 FORII.AT (731-1 fU.:RTNT---------[\JIfI/\L Hf:AVE rOSIfION OF REAR PRDXIM 
1 I T Y T P,,11 r~ S [) II C r: ;~, F T) 

59 130 FOiHL\T (9lH ;),.[?,DRX( )------Hi::ISHf nF R[t\~ PROXIt"ITY TRt\~lSDUCE~ A 
1 TTl V t r;.~ TJ= r~ V 1\ L ( ), r: r, P f) S [ fI V E liP) 

SO 131 FIJRM.l\T (1.111 ,,:{)UNT---------IIHrr.-'L !U1LL ANGLE, RflD) 
S 1 1 3 2 F n IU". '\ T (8 8 H K n L u~ C ( ) - - - - - - R n L L'\ C eEL t r, A T IC1'J A T T lf~ E 1 'IT E R V A L ( 

1) ,qAD/SEC/SEr., POSITIVE CLOCKWI SE) 
62 133 FORMI\T (7 6 11 ROLLA;"( }------ROLl ,\'~r,LF. I\T TI/v1E [NTERVAL ( ), =to'O, 

1 POSITrVE (lnCK~[SE) 
63 1 34 F n R t·1 A T (HI H R n L L V F. ( ) - -- - - - R fJ L L 1/ E L n CIT Y A TTl 1,1 E I 1'1 T E R V A L ( ), ~ 

lAD/SEC, PQS!TTV~ CLOCKhISE) 
6 4 1 '3 6 FOR ~ A T (4 r. H s n LJ "H) - - - - - - - - - - s p r: E [) n F S 0 lJ N [1 I N T U 13 E, F TIS f C ) 
65 137 FnRMAT (51H SThRT----------r~IrI~L Ln~G{TUDr~hL POSITIO~, FT) 
66 118 FO~MAT (7CH TE~P-----------TOTAL TE~PERATURE OF AT REST AIR l~ 

ITUPE, CEGR[fS K) 
67 139 r-np.t'I~T (;iflll fJl·1------------I·wnl~ER flF Lf1N!';ITUD['IAL PHDT:JCI:LL pr:;< 

lUPS) 
6 8 1'+ 0 F n R /V. II T (() 0 H TT ~~ ~ - - - - - - - - - - - T I HEll "I [Y FOR n I V I 0 I N G I 1\1 T 0 PH E K V A L S 

1, SEC) 
6 9 1 4 1 F n R MAT (q 1 II rr ~, L (1 N ( ) - - - - - - T I I"if: rn Ul "I G J C.J 11 PI ALP 0 SIr 1 0 !\J S 0 F ~ H Cl 

ITOCfLLS, FRn~ STh~TI~G POSITION, sec) 
7 0 1 '+ 2 F () R ~'. A T (I, 1 H r i) n ~I F - - - - - - - - - rOT '\ L TIM r: f) F T E S r t S f C ) 
7 1 ll~ 3 F (1 RY ,\ r (15 0 H T ~H P !{ S - - - - - - - - - Tr! T !\ L P I),. F: S S I.J R ~ I 'J r U [) E t L L} II N / 1 N ) 
.,2 144 For.~'I,'\TC 11111 nmf,CC( )------LONGJTl1r:'tINAL I\CCELERi\TION AT PllurOCEL 

lL PICKUP ,\vr.:i~.\(;i-D TN IV\~'JGE, rf/sr:C/SF.r:, POSIT[VE FDr<.WARD) 
73 lLf~ FOK~t.T(ll/d·1 TLJr.r.:t\ll,{ )------LO\lGITUI)PJ/\L r\CCELERArTIJN AT frME f'H 

1 r:: R v 1\ l ( ) en :P.F C T HI r n :.1, p r Tell, F TIS F r: / SEC, P n SIT I V E FOR WA R f) ) 

7 /t 1 /f6 FOPYAT(116H TUPEf~C( )------Lfl'~GTTUOPjAL6CCELERATILlN AT TIME I'H 
1 E R V A L ( ) lJ i'H: r} I" ~( F C T E () F n K P Ire 11,. F r / s r: r. / $ F.: C, P 0 S I TI V E FOR 1,-1 J\ R. 0 ) 

7 5 1 4 7 F (") r~ "" I~ r ( 1 0 2 H T U Po t= r 0 ( ) - - - - - - L rJ N G I TlII) p~ t\ L P 0 S IT I 0 \I A T 'f 11" E {1\1 T E ~ IJ A 
1 L ( ) C ():~ R Fe Tf: /) Frl R P rr C H 1 F r, P D S IT [ '/ [ FOR \-1 " R () ) 

76 140 FnRt.'ATCV'CH TUrF:VC( )------LONGITUf)PJAl VELOCITY AT rIME rNffRV/\ 
lL ( ) cn~RECTPO FnR PITCH, FT/SEC, pnSrTIVF FORW~RD·) 

7 7 1 4 9 F 0 :H1 r\ T( 1 0 ttfl 1lJ B P n S ( ) - - - - - - LON G IT U () r N t\ L DIS T A \j C E TOP t-\ CJ TOe ELL P ( 
?CKUP FRO~~ ~,Ti\RnNG P()SITr[Jr"J. FT, pnSITIVE FOR\1~RO) 

78 151 FOR~'lAf(1()7If TU8VCL( )------LO~~G[TUDPJAL VELOCITY AT PHOTOCELL PI 
lCKUP AVEr't,GEf) TN THE RAf'-JGE, FT/SF.C, pnSlfIVE FORWARD) 

79 152 r-nRMt\T (Wil-l VI:~1J\C:H( )------ACTUAL MACH NUMRER OF VEHICLE RElATIV 
1 E T () THE r UfW /'!o. T TI!J r: r!H E R V /\ L ( ») , 

!30 153 FOIU:AT'(l)tlH ------
1 ) 

Rl \'IRTTE (3,1~()O): 
B2 150n FORMAT (~4Hl DATA OUTPUT SCHEDULE ) 
83 W~ITE (),1501) 
84 1501 F()R~\t\T (lHO) 
85 W~[TE (3,1502) 
(36 1 502 FOR ~'I\ T (HI n, If X , '+ H Tf ~! E , 1 1 X 1 MH U fi E PO, 9 X , 6 H R 0 L L A "I , c.; x , 6 H H [: V PO S , <J X t 6 H P r 

1 eli M'>l , q X, f 6 H IJ r- !'! f\ Cit / 70 X , A H T U p, r.= v r.: , 9 X 1 6 H r" 0 L l V F. , 9 >< , 611 H E V V EL f 9 X , 6 H pre H liE, 
? '.1 x, clll!\ ( R v H.l2 :) X , 6H T un E A '\ t ') X, 6H ROL l;\C , !) x , 6 HH E V Ace, 9 X, 6 HP [C t-IA C) 

87 WRIT~ (1,1501) 



viR ITF ('3, 1.5'H)· 
KS[C = 0 
SEC:: 0.(\ 
BEGIN = o.r. 

B-7 
88 
89 
90 
c)l 
92 \'; q. J T E (3 t 1 5 n:;) SEC, S Tl'd~ T , 17. (; L Iii r 1 C G r 'H 1 P 1\ I NT, P, :: GIN , t~ E G I ~ 1 t3 E G p~ , BEG I 

1 r~ t F3 f G I [.J , fa: r~ f ~,l 

93 1505 FnRNAT (1.Hn,~x,F7.4,5X,FI0.~,5X,F10.~,5X,F10.4,5X,FlO.~,5X,Fl0.4/1 
1. 7 X , FlO. (t , :i '! , !-] (\. '-1 t l) X f r 1 o. 4 , 5 X, FLO. I., 5 X 1 FlO. (f I 2 0 X , 4 H - - - - r 1 1 X 1 't H - - - -
1, 11 x, L~H----, 11 X, Itf-I----) 

9 f t 1 5 0 3 r 0 H /I A T (1 II ,~~ , It X , F 7 • tt, .':J X 1 r 1 0 • It , 5 X , F 1 0 • If t 5 X , F 1 0 • It , 5 X , FlO. It- , !5 X , F 1 0 • 4 11 
l7XtFJ0.4,5Xt~10.4t5X,F10.4,5X,F10.~,5X,!-10.4/l7X,F10.4,5X,~10.4,5X 
2,FlO.~,5X,Fl~.4) . 

95 KK~K = 100 n .O-TIME 
96 DC 1504 JK=l,~UM 

97 KSEC = KSEC • KKKK 
98 SEC = KSEC/I000.0 
99 I_I R I T F (3, 1 '5 C'"3) S [C , Ttl n E P (l ( J i< ) 1 R. OL L :VJ ( ,.1 1< ) , HE 1/ P 0 S ( J K ) , PIC H Ml ( J K ) , 1/ E ~ 

lAC H ( J f( ) , f U :l, ~ V!= ( J K) 1 R 0 L L V E ( J K ) , H E V V F:: L ( J K ) , PIC H v r:: ( J K ) , A I R V F: L ( J K ) , rUB 
2 E 1\ /\ ( J K ) , p n L L'~ C ( J K) , H::: V.h C C ( ,I K ) , PIC H t\ C ( ~J K ) 

00 150't CmlTI r~UE 
01 liRrfE (3,1506) 
02 1506 FORM~T (54Hl O~TA OUTPUT SCHEDULE 
03 WRITf (1,1501) 
04 WRITE (l,1507) 
o 5 1 5 0 7 FOR:I, ,\ T (1 H r: , Ii X , 6 H HI::\ pes , r:>:< 1 6 H T U (W F.: L , 9 X , 6 H TUB :\ C C ) 
06 \'IR Tn:: (3,151)1) 
07 WRIT~ (3,1~01) 

08 \fr=L :: O.flOOOO 
o 9 \-1 P. r T E (:3, 1 ~ () ~-l) S T ,\ R T , VEL 
10 150S fORMl\f (lHC',4y,Fl()./~,5YyFlO.'t,BX,411----) 

lion 1510 vJ = 1,ITIM 
12 VRIT!:: (3tl~)C9)' TU'1,PCJS(I(J) ,TUr1VEUKJ) .TURACC(KJ) 
1 3 . 1 5 0 ~ HJ R tJ,·,\ T (1 II \"', 4 X , r- 1 0 • tt, 5 X, FLO. It , 5 X, F 1 I) • ttl 
llt 151 0 CO~.JT PIUI: 
15 CALL EXfT 
16 END 

IOATA 



APPENDI:{ C 

Plots Analyzing Computer Output Reliability 
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'" III 
1/1 

'" oil 
J 

'" It. 
It. 
::l 

'" l< 

- -- - - -. -I--I--H+++-I-,H 

C-l 
+-j-,H-I--++-+-h f-

+-f-f--f--j-f-I I 
[ 

I--I-+-+--H-l-+lr-
-4--~-~-~~-I-~-I~ I 

f+-~I-~-- -- - _. -- -- - - ... 

'-

___ =1= 
-~]= 







t- - +-1-1-+-1-
1--1--12 -

I--I--I-t-t--t-I--I--I---H-+- - -.. I-I--I-.~-+-j-
I-+--l-t--l-- '- -

O'Vl'O~ 

C-4 

t-
---/-



c.:..s 

r 
r 

( 

1-1-- -f--t-+"H-/-+-~-j-

f--1---HC-+++-I-I--I--+I--_'-b".':._~I: _ _. _~_ = ~E.~,~_ tl-,=.E ... "_'~_~ _~ -_~.=_- ~ - = -:G~ ~ ~ ~ ~ ~=~ ~ ~ ~,~ = ~= .. ~ =: .~ ~ ~.~ ~ j ~ ·~~~~t·~ ~~ :.~ ~ ~ 
... "r- ... .. . ""I' .. ~. - -I·.. .. ... -- -"'" -- .. _ ...... , ....... _ ........ -- , .... " - .. -- .. . 

-1'- - .. f-.. -I--f--I- - - 1--. - - '-1- ..... - ........ - .. .. .... "'''''' ...... - ...... .. ...... , ... '" ... " .. 
1--1--+.+-+-1-+- _ .. - -- - .. I- .- ..... 1-·1-1 - - -- .. ----.---- ... -- ............... -+ .................... _ ............ -.... .. 
f-- -- - . - ... -I-- - - - -- "r .... - ... -/-....... 1- .. - ..... - - ....... .,.-.. - ... " ... --"" .................. -- '" ... -....... . . ~ ~ ---- ~ ---+--T -------- ---- ~..:+>-?~- --?;-,-~ =~,~ -- ~~ :, 
-~ -'~; ='~~ -~:~ ~= =~J =1-~~~:~~'~ ~~=.: ~~ ~:; ~ ~~: ':.~ ~ ~~.:.:I~~'~ ~.::=. - .... . . .... =:.~I: . E .. _. I·. ·-1"'· .. 

-' "'~, ,._. -",. ....... ... ~~ .... ,,- - . .", " . . ~. ... 
" .. , .,.- ~' .", .~. --, -. ' .. ,..". 

>r ___ m ••• ____ •• ~ , ,«~_ ..... ~._",,,,, ,~_ 

., • p .. • ~ .. ~ - ~ ~... ~~. 
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( 

I-

-I-- ---
I--+-+-+-l-f--i--

1--- -

--\----\---

\--
\--- - f-. 

- f---

C-6 
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N\1110~ 



C-7 

H-+-!-+-+-+-++- -+-



f ... ·.·.I·! f .. 

" 

C-8 

t=-



I 
1"--

I 
I 
I 
I 
I 
I 

C-9 

-~- H- -!-HI -j-t-H-++-H-+--I--I-+--l-~W---W-il-l-l-l 
H-1-I--+-l--l-A t- -~ tj~ --l++-H--H--~- -1-+--11-1--+-1---1-- -f-+-II-Hf-f-H 

r-I1ItTtTt-I--H-H-H-+-H-+--l-llt1ij~ITII-I-I--l--l-d:.r --1-,- -'----. " f-f--- I-
'._ -I---'I-I---'~I1"-~~ f-'7tr- I-f- - -r-t-H-Hf-+-I-+-I-I--I-I---t-l--I 
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