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DITBDDtJCTlOlf 

A epace project which baa b4ten receiving incre••lna c:onsideratton 

recently ia thi• c~l'Y ts the concept of e1tal>U.1hiq a perraaaeat, 

manaecl 1pace laboratory orbitin& the earth. ln geaeral. capabilitie• 

of auch a •at•ll1te tdll iuclude the abUiti•• of "grovtna" • Mblta111iag 

a cout.nt po•itioa. aad obanaiD& to a uw po1tttoa vnen deaired. Uaeful 

taau t~t the aatelU.te lliaht be expected to ,.rfora inolude weather 

observation. apace exploration, coauuaie&tiOns, and enemy obaervation. 

There are aeveral factor• •hlch create • need for a ayatea of 

ferry vehicle• to operate betw.en the earth and •uch a aatellite. In 

the fint place. a •.Cellite of the veraatility deec:ribed would be a 

oomplex atr:ucture. too large to lav.nch froe the eartb in one Ulllt. 

reny vehicle• would allow che eatellite te l>• launcMd gradually ill 

aavatal part• and to be aaaetnbled in apace. Alao, becau•• the aatellit• 

will be IMall*d (at lu1t pan of tb.• ttM) ad wU1 have poeltioa coa-

trol •naiae• and other equt,..ut on bond. ferl'y vebic:l•• ar• ••ded 

to coavey the mea and neeeeaary f~el, part•. aQd other •~ppli•• to and 

from the ••t•ll1t• vhn requf.red. 

!be problem of laU11Chilag and guiding • fer~y vehicle, or 1atereeptor, 

to an orbittq ••telU.t• ia complex and of lara• tcale ill icself. It 

1• beat handled by separation into four phaae• that are deatanated •• 

1auub. aidcour•• gutdace. teraiul guWace, and docking. The'fe 1• a 

great deal of tntei-d.epelaCleoce UlOlll the•• phaaea, but for pr• U.mtury 

1nveetlgatioa it 1• convenient to treat each aeparately. 

The launch pbaae 11 ••lf••xplanatory, being 11.llply the •cent ot 
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the interceptor fl"Olll urth into •pac:e. Th• middle two pwea, aid.eouree 

and tarmlul au.id.ace,. are a•aerally referred to •• apace rendesvoua. 

During tn... phaaea the interceptor b brought 1'near.. tu orbiting 

aatelltte. 'l'he final MIMt\IYer, dOdtina, la coucaraed with the actual 

joiDina of the interceptor with the eatelU.te, or taraet. Doekilag b 

of particular importance, for a aoft. e.cc~xate UlliOG of the two vehicle• 

ta eaaential if the tranamlaaton of delicate cargo la to be aucceaafully 

accoq>liahed. 'Dli• .ftu.1 dockina phaae 1• the •ubJect of thla reaeal'ch. 

Docking dlf fer• frOPt reude•voua be.ca.•• the scale of diatauoe• ilnd 

velociti•• i• finer. Another factor alto aatna importance in the dockitta 

phaae, for the target cq no lona•r be treated •• a poiat 1n •Pu• by 

the interceptor. lll•t•ad. it• attitude, or relative Mg\ll&r aua .. nt 

to the interceptor, mutt be aeneed and couidered. '?be•• lactore create 

a need for a more accur•te •hort•ranae auidance eyat•• than 1a cOAaidered 

neceHary tor the renduvou.a phaea. Studiee have •bowo that tbie need 

caa most eaeily 'be met by uatna the visual .abUitie• of un (11). 

However, there are maJJy in•tancea, particularly ia the euly atage• of 

construction of tlMl satellite, when Dall'• preaence would be othenriae 

unaeceeeary. Aleo. after the apace atation i• operation.al. only ocea-

eional ••l'Vicing vt.tta by 1naD might be aieceHary, while more frequent 

supply deltveri•• will be re4uired. Thu•, it would btl hlahl7 detlrable 

to have u automatic docld.aa 1yete• by which the interceptor and target 

could be eucceaefully united regard.le•• of the preaence o~ ab••DC• of 

man. 

Current knowledge indicate• that radar 1• the moat applieable 

system that cu be uaed for raqe and relative velocity d•tenatutioa 
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when both quaatitl•• ara lara•· 'l'bAlrefore, the auidaoce eyatem wsed 

by the interceptor duriq the rende1vou• phase will probably be an 

on-board rada-r tracktna •1•tem. However, there ta a ainimm i-aua• 
point alter which radar aenaor data lack• tbe accuracy ne.ceaaary to 

guide oloae aaaneuvera. Tbb loaa of accuracy 1• dq to the oeaneH 

of the target to the -.nten.Da and to the tranaponder tte. delay. A 

aecood Uaitation of radai: i• that it cauot dete:raiu the attitude 

of the target but mlt tr•at f.t •t-.ly u a point in apace. 'l'herefore, 

the dockiq Nneuver cau.ot be •ucceHfuUy guided by the Tadar auidane. 

ay•t•• uaed durina rendesvoua. It will ttau• be the purpo•e of this 

paper to make a prelillW:aary iwe1tiaatiou of an automatic docking 1yetea 

by which the d04tk1Q& waneuver c.aa be preciaely controlled. 

In .. aeral, thi• dockiD& 1uidanc• ayacem vill be required to ateer 

the interc.aptor from aay ral\dom direction to t:he U.u of approach 'Which 

b favorable for dockiq. After tu illt•rceptor reacb.ea tbe desired 

U.M of approach., it bU•t be kept oa that line and GOY• at • apecif ied 

veJ.ocity until docking ta complete. 'l'hua, at given ti• lutet"Vab 

durtaa the docld.na NQeuver, the guidance •Y•teta on tb.e interceptor 

allt meaaur. relative velocity componeQta and aeaerate •teeriaa •onnanda 

to eorrect velocity error• •• reqvired. Tha interceptor b ueumed to 

approach tbe taraet froa the rear at a relative cloetag velocity that 

u le•• than 20 fe•t per 1ec0Qd when the rua• b uoo feet. 

There are vartO\Ja oattma~•• of the -..aureaent erTor• that would be 

preaant 1n the radar ayetema that are available for raadezvoua guldaace. 

lleilfroa ud l.aufMR (7, p. 248) aeeumed that the radar meaeu..:e•nt 

error• of range and relative velocity would be to.ti ts feet and iO.S 
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feet per •econd, respectively. Wolverton (21, p. 4-127) •aid these 

same errors would be leas than ~50 feet and ;2.25 feet per second. For 

the purposes of thia paper, the accuracy of the rendezvous radar guid-

ance ay•tem'a range and relative velocity measurements are assumed to 

be t10 feet and tl foot per second. They are assumed acceptable until 

a range of 500 feet ta reached at which time the docking guidance system 

will begin making these measurements. The attitude measurements must 

necessarily begin sooner than this, however. Therefore, this part of 

the docking system will begin functioning when the range between the 

interceptor and target is 1500 feet. 

In this study, the target is treated as being a "passively coopera-

tive'' vehicle. In other words, it does not maneuver during the docking 

phase nor send radio commands to guide the interceptor. 

The guidance system investigated utilizes the principles of gamma-

ray detection and identification by means of a scintillation detector. 

Point sources of gamma-ray photons located on the target are detected 

by scintillation detectors mounted on the interceptor. Using the rela-

tive source poaitions and signal strengths of the gamma radiation, the 

interceptor is able to determine the range and attitude of the target. 

Uaing these values and their rates of change with respect to tirne, the 

interceptor guides itself to the target. 

The first part of the ensuing dilcusaion is concerned with deriving 

the equations of relative motion between the two vehicles in terms of a 

cartesian coordinate system, with the origin established on the target 

vehicle. Tb.e method of trigonometric determinations of the relative 

position and velocity components is included. The second part of the 



' 
inv•ttigatioQ deal• with the ... of the •cinttll&tloa d•tector for gaaaa• 

ray detectlOll. It la thowa that thi• method of ,_...•ray detectloa can 

be applied both for detenal.atlOll of th• attitude eagle• and the range. 

11n4lly. it 1• deMOGatrated that r•lativ• velocity .ad po•ition equatlona 

aad. the v•lv.• of ~ango ad attitude ca be applied to control tl:sa dock.in& 

maneuver. lt u abo shown that the illtei-cept~r can be pided along _, 

desired approach U.ae to the tuget ud that the r•lative clo•ina velocity 

can be eeatrolled •• deaf.red. 
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usr or SYMBOLS 

area 

atOll.ic ..... 

radiue of th• aciatillatloo detector'• pho•phor cryatal 

cORJtaat value of poalttoa coord.taate 

cooatant val~• of relative velocity ~oa.poneuc 

unit veotora in the X, Y. and Z dSrection1 

itae for'llialld ~y the tvo pointe r and M 

aqle fon111td by line• rM &Qd Ml. 

aaln conatut 

leqt.h• of the atdea of JlllU 

poi.At. aouree• of &•llWlilll r..tiatloa on the ta"J"a•t 

reetaale fO't'med. \>y the four poiata 

trtanale formed l>y the tb.ree poll\ta 

11a1a of the inter~eptor 

ratio of the m1mber of photon• deteeted to the awraber emitted 

number of particular radioactive atome preaeat at any one ts.a. 
ol'igiaal uumber of radioactive atOIU pl"eeent 

interceptor 

reuge beeveen the interceptor aud the taraat 

radial dletaace fl'om the orbit ceoter to the interceptor 

radtoa of the spherical point aource 

radial dtatance from the orbit center to th• target 

target 

ti.e 
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T half ·life of A radioactive material 

Tx,t1,T" thr~•t in the x. Y, and Z dire:otiou• 

v relative velocity of the intercep~o~ 

V8 error aargia velocity 

x ~ y, z COUIPOIMll'lts of r in the X, Y, &ad Z direct ion• 

1,Y,Z ase• of cart••iau coordinate •1•tem eetabliebed on th• target 

a.~.1 augle• forlled b•tween the •en•ora •• they point toward the 
point 1ourcea 

e angle betw.n tbe X axla and the Uae•of•1ighr: betveea tbe 
two ve1d.cl•• 

A deoay coa1taat of • tll&terial 

a ataadard deviation boa the Ule&lli 

• ugle betveea the rt plane and the rX pl&De 

a> angular velocity of the ta~aet 

Subscript• 

tot total 

o oriaiaal value 

l final valuo 

Speeial location 

x the dot deGOtea a tiule derivative of x 
.. x the ~wo dots denote the aecon.d derivative of x 



-lt 
> 
~ - nearly equal to 



ln this 1nveatigat1on the target voniclo can be de•cribed •• 

traveling to. an • i 11.ptical path about the ••rtb. Tllb path le deter• 

mined by gTound trac~ing equipment befoxe the interceptor 11 lauCM:bed. 

During th~ period of doc~ing. tho elliptical path~• be aaeumed to 

consist of a circular arc. That ts$ during the dc>ckifta aaneuver, the 

target vehicle is tr(t4ted aa traveling in a circul&T path vitb a 

conatant angular velocity ;o. 
T'nti •~b •yatem ueed b 1hovn in Figure l. '1'he X axie b J.n the 

direction of th.e u.rseit motion along ita ci:t:cular pacb.. the Z axta 

point• toward th4 orbit center. and the Y axi• ta ortaoaon.al to botb 

X and Z. Tha iutcreaptor vehicle will lik•~i•e have three orthoaoDAl 

axe•. The longitudinal axi• of the interceptor ia arbitrarily defined 

as tb.o a:d• vhicb ts aligned parallel to the target X axb wbea dock.iag 

is complete. 'lbb la cal led the roll uh. 'th• other two axea of tu 
interceptor• whicn wt 11 be p.ara l le 1 to the tara t Y and Z ues upo 

docking completion., are '~"°'"' a• pitch and yaw a:icee re1p.ct1vely. 

In r11ure l the velocity of the interceptor P b 

' • ;, .. ... x .. .. 
.-. , C1) , t' I' V 

(1) 

(l) 

where v is the vo l.ocity of P with roapec:t to the carted.an coordiaate 

»y•t•~ estahliehed at the target S. The relative velocity of the inter• 

cepto1· to the tu·get aate llite is 

(3) 
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p 

S - TARGET 

P - INTERCEPTOR 

x TARGET PATH 

ARC 
CENTER 

Figure 1. Geometry of problem showing target based axis system 
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Now e1, ej , and ek are defined as being unit vectors in the X, Y, and Z 

directions respectively. Then 

00. -w eJ J (4) 

r • xe1 ·-r yej + zek ' (S) 

v • ·-xe1 ·l· yeJ + ?.ek (6) 

Using these relationships 
. r • ex - c..o~ei -l yeJ -1 (i ;-· c..ox>ek • (7) 

Relative acceleration is (8) .. . 
r .. (:it - c..oz)ei -t (x - c..oe)ei -1· y;j ·I- (:!: + rox)ek + (z + a>X)ek. 

Now 

(9a) 

(9b) 

so 

(lOa) 

(lOb) 

Then 

This acceleration is equal to the resultant thrust per unit roass on 

the interceptor vehicle. Becauae the angle '¥ is very small and the dif• 

ference in distances i• and r' is small compared to their overall length, 

the differential effects of gravity on the two vehicles is assumed negli-

gible. During docking it can be assumed that the thrust levels will be 

small so that change in mass of the interceptor is also negligible . 

Then 
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x - 2 ID 2: • uJ.x , (12) 

Ty -- y ' (13) 

T z. •• 
-- ~+ tnp 

(14) 

where Tx, TY, and Tz are the directional thrusts and mp is the intercep• 

tor's mass. 

Measurement of Relative Position and Velocity 

The angular rate ii) is known to the interceptor. Then to detertnine 

what position changes the interceptor must make to dock, it IJlU•t be able 

to measure the relative positions x, y, and z and the relative velocities 

x, y, and z. Quantities x, y. and z are shown in Figure 2a where it 1• 

seen that for the interceptor in the position shown 

x • -r cos e , 

y • •r sin C cos + , 
z • -r sin e sin • , 

(15) 

(16) 

(17) 

in which e i• the angle between the X axis on the target and the line-

of-sight between the two vehicles, and • is the angle between the XY 

plane of the target vehicle and the plane defined by r and X. 

In order to measure poaitions and velocities in the XYZ carteaian 

coordinate system, one must be ab le to meaaure r, f.~, and • in the apheri-

cal coordinate system defined in Figure 2a. These quantities can be 

rneasured by placing four point sources of gamma-ray emitting material 

on the target in a rectangular pattern as shown in Figure 2b. These 

points are designated J, K, L, and M. Each point source is selected to 



p 

z 

p 

Figure 2a . x, y, and z components of r 

I '< ~<' \ } >'<. M 
' ' ', 11 

' -- - ' J --1- ------~L 
2 

Figure 2b. Location of radiation point sources and the parameters they define 

""" w 
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emit gamma rays of a different characteristic energy level ao that it 

can be distinguished from the other three sources. 

It is recognized that the rectangle JKLMJ forms a unique pattern 

as viewed from the interceptor vehicle. The interceptor 11 equipped 

with independent sensors, each seeking out and following only the point 

source with the energy level to which the sensor is 11 tuned 11 • Then the 

positions of these gimbaled sensors along with the measured range enables 

the interceptor to compute the angles e and•· 

To compute o and • the geometry shown in figure 2b is used. The 

lengths 11 and 12 are known. The range r and the anglea a, ~' and '1 

between the sensors are measured by the interceptor. By the sine law 

sin a ainLJ!MK -·---l l r 

Then 

(] •Q r LFMK 
•a ·r sin - l ( _.:._ 

12 

Again using the sine law 

Because 

and 

sin (180° - c-1 ) .. 
MP 

MP • 

sin L'IMK • ..!!... , 
FM 

sin a) . 

sin a 
1 2 

12 sin e 
sin a 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 
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L KM 12 
cos FMK a - "' - , 

FM FM 
(24) 

then 

FM • 12 sec LFMK 

• t2 sec ~in· l ( ~2 sin a)] , (25) 

and 

FK • FM sin LFMK 

• 12 tan [ sin·1( ~2 sin a)] . (26) 

Now 

FP • MP - FM. (27) 

Then from Equations 22 and 25 

FP • - .12 sec sin· ~ sin a . 12 sin A [ 1 ( r )~ 
sin a 12 

(28) 

Again using the sine law 

sin t3 sin LKJP --1.l r 
(29) 

Then 

(30) 

From this relationship 

LJKP • rno0 - (t3 +- LKJP). (31) 

Therefore, 
sin LJ1:'P 

JP - 11 sin t3 

<t3 + LKJP> 
·------11 sin t3 

sin 

11 [ • - sin ~ sin ~ 
(32) 
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From the coaine law 

FJ • .J (FP)2 + (JP)2 - 2(FP)(JP) cos 1 . (33) 

The sides of the triangle JI<PJ are now known. Again using the law of 

cosines 

[ (Jlt) 2 + (FK) 2 - (FJ) 2 l LJJ:P • cos-1 2(JK)(FK) j · (34) 

Finally, 

• • moo - LJKP . (35) 

The relationships developed in Equations 20, 26, 28, 30, 31, 32, 33, 34, 

sin ( f3 + sin· fu sin ~ 12 

sin ~ ·J, 

+ cos 1 

(36) 

Equations 20 and 36 permit the evaluation of e and•· 
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Considering Figure 2a and Equations 20 and 36 it is seen that four 

quantities (range r and angles a, ~. and y) provide adequate information 

for computing the coordinate components x, y, and z. It 1s seen from 

Figure 2b that when the interceptor approaches the target from the left 

(the -Y direction), range r is measured between the interceptor and 

point K on the target. When the interceptor approaches from the right 

(the +Y direction), ranger is measured between the interceptor and 

point J on the target. 

The angles a, ~. and r are determined by sensors following points 

J, K, and M when the interceptor approaches from the left. These angles 

are determined by following points J, K, and L when the approach is 

from the right, because from this side, point M cannot be seen. 

Hence, only three of the points on the target are required for 

position determination at one time. Thus, three sensors are required 

on the left side of the interceptor for position determination when the 

approach is from the left. The sensor following point ~ also determines 

range. Likewise, there must be three sensors on the right side of the 

interceptor for position determination when the approach ia from the 

right. Then the sensor following point J also determines range. 

It follows that the interceptor must be equipped with six sensors. 

Two of these sensors are designed to determine both range and point 

directions. When the approach is from the left, point K is the coordi-

nate origin and line IQ{ is the X axis. 'When the approach is from the 

right, line JL is the X axis with point .J being the origin. The aeneors 

on the interceptor are automatically turned on and off so that only the 

required three function at one time. The two groups of three sensors 
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on the interceptor are a distance 11 apart, equal to the distance 

between points J and K on the target. 

It is known from rigid body dynamics that six quantities are 

required to define the relative position of one rigid body to another. 

In this case, four of the six quantities are the range r, and the 

angles ex, ~, and 1· The other two quantities are the angles formed by 

the pitch and yaw axes of the interceptor to the line-of-eight 

direction. 
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MEASUREMENT OF PARAMETERS USING THE SCINTILLATION DETECTOR 

Principles of Nuclear Radiation 

For a given radioactive material, every nucleus haa a definite 

probability of decaying in a unit time. If N is the number of the 

particular atoms present at any time, the decay rate is 

N • -AN , (37) 

where A ia called the decay constant of that material. From this exprea-

sion it is found that when the number of radioactive nuclei of a specified 
-

kind b originally N0 , the number left at time t later is 

(38) 

By letting N equal one-half N0 , the half-life T of the radioactive material 

is found to be 

T • ~ • 0.6Y3 (39) 
A A 

so the half-life is inversely proportional to the decay constant of the 

material. 

Radioactive isotopes of four different energy levels are chosen aa 

the four gamma-ray sources on the target vehicle. Because it ia desired 

that the number of gamma photons emitted per second be fairly constant 

from day to day, materials with long half-livea are chosen. When a 

material with a certain half·life is chosen its decay constant A can be 

calculated fr.om Equation 39. Tb.en if the number of photons emitted per 

second is estabHshed, the number of atoms of the particular material 

can be calculated by Equation 37. Multiplying the resultant number of 

atoms N by the atomic mass (AM) of the material and dividing by Avogadro's 
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number (6 x 1023) gives the required rnasa of tho material in grams. 

(N) T (AM) • grams of material. 
(0. 693) (6xl023 ) 

(40) 

Another quantity called the apecific activity is used to expreH the 

rate at which unit weight of radioactive materials decay. This is the 

curie, and is defined as the quantity of material giving 3. 70 x 1010 dis• 

integrations per second. This designation is required when considering 

what shielding is required to protect the target vehicle from the radio-

active materials. 

A table of suitable radioactive isotopes follows. 

Table l. Suitable radioactive isotopes 

Atomic Number Isotope Half Life Energy Mass Required Curies 
(years) (Mev.) (grams) 

6 els 5700 0.155 6.49 x 10-2 0.2703 

11 Na 22 2.6 1. 2d 4. 34 x 10'"'5 0.2703 

30 zn65 0.605 1.114 3.38 x 10-5 0.2703 

36 Krb5 ') .4 0. 540 6 . 06 x 10-4 0.2703 

SS csl37 33 0.663 3.43 x io·l 0.2703 

56 nal33 10 0.085, 0.320 l. 01 )( 10-3 0.2703 

SJ ee144 0.1')5 0.030, 0.134 b.69 x io·5 0.2703 

63 Eul52 5.3 0.30, 1. 20 6. ll x 10-4 0.2703 

71 Lul71 1.644 l. 0-0 2. 13 x io·4 0.2703 

73 Tal79 l.644 0.70 2.23 x 10-4 0.2703 

8$ Ra 226 1620 0.188 2.78 x io·1 0.2703 
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Isotopes selected are those with long half-lives and relatively high energy 

levels. The masses required are determined arbitrarily as those quantities 

which will produce io10 disintegrations per second. 

Scintillation Detector and Its Uses 

The device used by the interceptor to detect the gamma rays is called 

the scintillation detector. Tb.is detector works on the principle that 

when a gamma photon strikes a material called a phosphor, the phosphor 

emits a flash of light. This absorption of energy by a substance and its 

reemission as visible light is known as luminescence. The emitted light 

is proportional in intensity to the energy level of the photon. The 

detector is prevented from reacting to other types of equal-energy radi-

ation particles by placing a shielding hood over the detector•s head. 

Figure 3a is a schematic diagram of a scintillation detector used 

as a gauu.na-ray counter. The emitted light is picked up by the sensitive 

photocathode of a photomultiplier tube producing a current pulse. Thia 

current pulse is similar to the light output from the pboaphor crystaJ in 

botn magnitude and duration. The current pulse produces a voltage pulse 

at the input of the preamplifier. This pulse, after paHing the discrimi• 

nator and pulse shaper, is counted by the electronic counter. Alterna-

tively, the electronic counter can be replaced by a differential pulae-

height analyzer to have a scintillation spectrometer. 

The choice between the electronic counter or the pulse-height analyzer 

depends on the function of the scintillation detector. To deteru1ine the 

number of photons striking the phosphor crystal in a unit of time the 

electronic counter is used. This counting function is used to determine 
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Discriminator Photo-
and Preamplifier multiplier Phosphor 

Pulse Shaper tube Head 

I I 
Electronic High-voltage 

Counter Power Supply 

Figure 3a. Schematic diagram of a scintillation detector 

Shield 

Scintillation 
Detector 

Heads 

Figure 3b. Scintillation detector arrangement on a sensor 

c 
r 

Surface of detector 

µ 

Point 
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Figure 3c. Geometry between the scintillation detector and point source 
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the range r between the interceptor and target. The pulse-height analyzer 

is used to determine the energy levels of the detected photons. This 

identification function is used to determine the parameters a, ~. and 7 

which are required to compute the relative position of the target to the 

interceptor. 

As already shown, with four point sources of different gamma rays 

forming a rectangular pattern on the target, the interceptor can determine 

the target's relative position. The four point sources needed for this 

system fall into two categories. Points J and K (Figure 2b) are to 

provide to 10 gamma photons per second for range determination and have 

distinct energy levels. The significance of iolO photons per tecond ia 

discussed later in the section on range determination. Points L and M 

need only have distinct energy levels. 'nley need only emit enough gamma 

rays per second so that they can readily be detected and followed from 

all required ranges. 

Angle Determination 

Because there is a proportionality between the output pulse of the 

photomultiplier and the energy dissipated by the photons within the 

detector, it is possible to sneaaure the eo,ergy of the nuclear particlea. 

Measurements of this type are usually presented as energy distribution 

curves such as the ones shown in Figure 4. These curves are plots of the 

number of occurrences of photons with a specific energy striking the 

scintillation detector during a certain time versus the energy of the 

photons expressed in terms of voltage pulse-height. These energy-

distribution cu1·ves are commonly known as spectra, and the equipment for 
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obtaining the curves is known as the spectrometer. 

As seen in Figure 4, the energy-distribution curves of both materials 

have characteristic peaks. 'nlese peaks are known as the full-energy peaks 

and occur at the energy which is characteristic of the particular gamma-

ray emitting material. Material.a with more than one discrete energy 

level have more than one peak in their curves. The other energy levels 

present are due to the interaction of the photons with the crystal atoms 

causing some of the photon energy to be lost. 

Spectrometers which employ crystals sufficiently large that most of 

the pulses appear under the full-energy curve are known as total-abaorbtion 

spectrometers. Because photons of four energy levels react with each 

scintillation spectrometer, it is desirable that each be a total-absorbtion 

spectrometer. Then no energy peak will be lost in the secondary energy 

levels caused by the interactions of the other photons. 

The pulse-height analyzer that is part of the scintillation spectro-

meter ia made up of a multiple-channel network. Each channel measures 

a certain discrete energy band. By turning off all channels except 

those which measure the energy level of the desired gamma ray, the spec-

trometer can be made to recognize only this gamma ray. In other words, 

regardless of which gamma photons strike the scintillation detector, the 

only ones recorded are those with the energy level to which the analyzer 

is set. 

When gamma rays from the four point sources on the target atrike 

each of the interceptor's sensors they all cause the phosphors to emit 

light flashes. But each sensor's pulse-height analyzer is adjusted to 

recogni~e just one energy level. Therefore, only tbe flashes of light 
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of the right energy level are recorded. This is what ia meant by having 

each sensor "tuned" to an energy leve 1. 

In addition to being able to record only gamma rays from a certain 

point source, it is desired that each sensor point directly to that point 

source. Thia can nearly be done by making each sensor have a group of 

three scintillation detectors arranged in a triangular pattern as ahown 

in Figure 3b. Tb.e three detectora are separated by an extended shield 

made of a material which will not allow passage of all the gamma rays 

which strike it. Tb.us, if the sensor is not pointed directly toward the 

point source to which it is tuned each phosphor surface will measure 

different amounts of photons from that source. These different amounts 

of gamma rays cause a differential electrical signal to exist between the 

three detectors. This signal activate• a positioning motor which align8 

the sensor to where all three detector• receive the aame lUlUlber of photons 

per second. Thus, if the point source that emits a particular energy 

level of gamma rays is the only •ource present from which that energy 

level comes, the tuned sensor positions itself to point directly toward 

that point source. 

Ideally, this method of angle determination yields correct values of 

the angles a, ~. and 7. However, because the point sources emit photons 

in an isotropic pattern, some of these photons go into the target vehicle 

and interact with the atoms of the materials in the vehicle. These 

photons are then emitted from the target vehicle with different energy 

levels. The incoming photons also cause further nuclear transformationa 

of lll&teriala in the target releasina more gamma raya. Thie phenomenon ia 

known as Compton scattering. A certain percent,age of these photon• which 

• 



are emitted in a random pattern from the target have the same energy 

level aa the point sources. 

The presense of these scattered photons cause some error in the 

direction which the sensors point. A conservative value of the amount 

of these random direction photons with the same energy level as those 

from a particular point source is 11. This amount and the center of 

its location, when detected from the sensor on the interceptor, depend• 

on the location of the interceptor to the target, the original energy 

level of the photons emitted froui the point sources, the materials 

present in the target vehicle. and the geometry of the vehicle. 

The actual amount of angle enor caused by Compton scattering 

would be determined by testing the sensor in different positions relative 

to the target vehicle. In general, the effect of Compton scattering 

tends to make the locations of point sources J. K, L, and M appear, as 

detected from the interceptor, to be more toward the center of the target 

than they actually are. This would have little effect on the angle a but 

would decrease the values of ~ and 7. A decrease in angles ~ and r would 

tend to increase the calculated value of the y displacement component 

and to decrease tbe calculated value of the z component. The x component 

would be unaffected. These predictions are determined by inspection of 

Figure 2b. If required, the resulting angle errors can be decreased to 

an acceptable amount by increasing the shielding of the point sources 

from the target and by arranging the point sources with the lower enei·gy 

sources in the front positions (points Land M). 

The angular positions of the sensors are measured relative to their 

mounts on the interceptor by angle transducers. The interceptor's 
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attitude in turn is determined by referencing it to the stabilized 

platform on board. The angular turning rates of the sonsora are measured 

by accelerometers. 

Range Determination 

If a point source emits a certain number of photons per second. 

the nurober interacting with the scintillation detector is a function of 

the detector's range from the source. For this investigation, it is 

assumed that the point source emits 1010 gamma photons per second in 

an isotropic pattern. This number is chosen because it enables selecting 

reasonably sized scintillation detectors which yield the required meaaure-

ment accuracy over the range desired. Only one aensor and point source 

are needed to determine range. The point source selected here is the 

one marked K in Figure 2b because the approach is assumed to occur from 

the -Y direction. Point source J has this capability from the +Y 

direction. 

It is also arbitrarily assumed that the scintillation detector can 

count individually up to 10,000 photons per second which is a reaaonable 

number considering present detectoxs available. Increasing thia number 

increases the range span which the detector can determine. The total 

number of photons striking the detector at one time is proportional to 

the solid angle coming from the point source. This solid angle is a 

function of the range and the detector's shape. 

The point sources are considered to be spherical. The surface area 

of a sphere enclosed by a circular cone with a half-angle of µ and the 

vertex at the sphere's center is 
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A • 2nR2 (1 - cos µ) • (41) 

The total area of a sphere's surface is 4nR2 so the portion of the sphere's 

surface enclosed by the cone is 

A -· 
• 

2JtR.2 (1 - cos µ) 
4nR2 

l - cos µ 
2 (42) 

For a round scintillation detector with a diameter 2c of distance r 

away from the point source, the arrangement is as shown in Figure le. The 

solid angle of gamma rays striking the detector forms a cone of half-angle 

µ. Therefore, the ratio of gamma rays striking the detector to the total 

number of rays emitted is found by applying Equation 42. 

A 1 - cos µ 
-•n• 

or 

n • 

Solving this equation for range r gives 

r • 
c(l - 2n) 

2.J (n • n2) 

(43) 

(44) 

By considering that the detector will count a maximum of 10,000 

photons per second and that iolO is the total number emitted per second, 

it is found that maximum ratio n is 

10,000 -6 
rluiax • 1010 • 10 . (45) 

Wnen this is put into Equation 44, r can be seen to be approximately 

r '!! 
c (46) 2.J n 
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This approximation enables determining the proper size scintillation 

detector depending on the accuracy required at a particular range. 

The random error of gamma ray emission from the point source must 

a l so be taken into account. If N is the number of counts totalized over 

a time interval t, the counting rate N is 

N • _!L 
t 

This value, with its standard deviation, may be stated •• 

it ·.:. er • _!L .i. Nl/ 2. 
t t 

Stated in terms of percentage error, this is 

N + 1001 
- Ml/2 . 

For N • 100 counts per second, this is 100 : · toi • 100 : 10 counts per 

second. For N • 10,000 counts per aecond, this is 10,000 ! ii• 10,000 

':'.: 100 counts per second. It is seen that 

where n is the ratio of emitted photons which strike the detector head. 

As previously noted, the detern1ination of range by using radar baa 

an accuracy of !,'10 feet. Thia accuracy is adequate for the rendezvous 

guidance system. However there is a point when it is desirable that 

range accuracy become more accurate than this and improve as the r81\ge 

becomes smaller. For this discussion, this point in range i• chosen to 

be 500 feet. 

By a trial-and-error method it is found that with a point source 

emitting io10 gaimna rays per second, the size of the detector radius 

required at 500 feet to provide equivalent accuracy is 0.250 feet. This 
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is the value of c. From Equation 46, it is seen that 
,-- c 0.250 8 .., n • - • or n • 6. 25 x 10· . 

2r 1000 

Then N • 625 ~25 counts per second. 

For N • 650 counts per second, 

r • O.Z50 • 490.2 feet. 
2.J6. 50 x 10-d 

For N • 600 counts per second, 

r • 0.250 • 510.2 feet. 

The radar range finder used by the rendezvous system is left operating 

until the interceptor reaches 500 feet. At thie point the 0.25 foot 

radius scintillation detector is put into use. Although its accuracy 

at this point is also about t10 feet aa shown, it improves as range 

diminishes. This detector ia used until the point is reached where it 

records 10,000 counts per second. This range if found to be 125 !0.6 

feet. 

At 125 feet the task of range determination is switched to a second 

detector which is large enough to record 1600 counts per second at this 

range. Its radius is 

c • 2r..r;- • 2 (125) .J'i. 6 x 10-7 

• 0.100 feet. 

This detector's accuracy at this point ie expressed as 

r - 125 r 1· 6 feet. 
-1. 5 

This second detector is used to determine range until the interceptor 

is 50 feet from the target, where 10,000 counts per second are again 
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recorded. The system used for measuring range from SO feet to zero will 

be explained later. 

Two of the six sensors with the triangularly arranged scintillation 

detectors mentioned before that are used for position sensing of point 

sources, also serve as range finders. One detector on each of these two 

sensors has a 0.250 foot radius. Another detector on each haa a 0.100 

foot radius. These two detectors used in succession determine range as 

previously explained. All three detectors on each sensor continuously 

work together to determine direction of the point source. This is done 

by having a proportionality factor based on the phosphor crystal size 

built into the sensor electronics to account for different amounts of 

energy measured by the different crystal sizes. 

The advantage of using the scintillation detector to determine range 

is plainly seen. The detector complements the previously used radar 

system because it becomes more accurate as range decreases. 

Thia system of range detection has a good deal of flexibility. 

For this discussion the scintillation detectors with electronic counters 

are used to measure range from 500 feet to 50 feet. This range span can 

be changed by changing detector sizes and the number of gamma rays e~itted 

per second by the point sources. These changes depend on the maneuver 

conditions that the interceptor must go through and the accuracy of 

range required. 

It must be pointed out that there is a niaximum and a minimum size 

to the scintillation detectors that can be used in this system. Tbe 

maximum limit results from the fact that phosphor crystals are limited 

in the size that can be made. Also, the greater the size of the detector, 
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the more unwieldly it becomes on a gimbaled sensor. Tb.e minimum size is 

dictated by two facts. Tb.e photomultiplier tube must have a certain 

minimum size to be able to count 10,000 counts per second. Tb.e detector 

also has a mininum size because discrete energy levels become more and 

more broken down and scattered as the detector's head becomes smaller 

and smaller. 

To determine the interceptor's range rate or relative velocity, 

Equation 44 is differentiated with respect to time. 

r • -2.__ ( c{l - 2n) ) 
dt 2(n - n2)1/2 

(47) 

-4c (n - n2) n - c (l 2n) 2 n . ~~-'-~~~~~~~~~~--~ 
4(n - n2)3/2 

(48) 

Tb.is is approximately 

. en r • ~ 

4n3/2 
(49) 

which is the same result as differentiating the range approximation, 

Equation 46, with respect to time. 
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DOCKING MANEUVER CONTROL 

The information the interceptor requires to determine its rela-

tive position and velocity with reapect to the target space station 

has been specified. The sensors which determine this information 

have been described. Now required is a method by which the interceptor 

can use the position and velocity information as inputs to a command 

system to enable the interceptor to dock on the target. 

There are several different directions from which the interceptor 

can dock on the target. The most probable alignment, at least for 

earl y missions, would be to have the rol l axis of the interceptor align 

parallel to the X axis of the target. It has been assumed here that 

this a l ignment is made from the -X direction. 

Ref erring to Figure 3 it can be seen that there are two evident 

ways which the interceptor can use to close the range between itself 

and the target . They are: 

1. The interceptor can be driven along the line-

of-sight between itself and the target. This is similar 

to the previous technique of rendezvousing. This approach 

has the advantage that the interceptor is already equipped 

for this type of path control. 

2. The interceptor can be driven to the X axis and 

then made to close the distance x at some nominal velocity. 

This implies that the y and z components of displacement 

are driven to zero by the time x reaches some given value . 

The latter method of docking is chosen here because it provides a 
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capability that allows a more maneuverable docking sequence. 

Because the interceptor can determine the X, Y, and Z directions 

it can align its roll, pitcht and yaw axes parallel to these directions. 

This is done by the interceptor making proper angular alignments <!> and 

e to the line-of-sight direction. This alignment occurs automatically 

so that velocity correcting thrusts from the interceptor engines are 

in the correct directions. 

The relat:ive velocity between the interceptor and target has been 

shown to be 

(7) 

If this expresses a constant velocity for an increment of time then it 

can be integrated over that period of time to determine the change in 

range. 

(50) 

or 

where r1 • range at t1, 

If velocity remained constant at the values measured at time t 0 , 

Equation 51 would represent ideally the change in range over some 

general time period t. However, in the actual docking sequence, time 

must be allowed for retrothrusts, angular alignment of the interceptor, 

and various system delays. To incorporate this additional time the 

right hand side of Equation 51 is divided by a gain constant k and the 
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general expression for change in range beconies 

- - l r,( . ) - • .. ( • ~'\ .. J r - r 0 • k ~x .. Cl.>Z e 1 + yej 1- z + co...,,ek t. (52) 

Equation 52 can be bro'ten into position components for some general 

time t. 

(:ic .. coz) t 
X • x0 + 

k 
(53) 

y -
yt (54) Yo + -
[( 

., . z + ( z + rux)t (55) 
0 k 

Because of propellant limitations and other factors. the doc~ing 

maneuver is required to taKe pJace in a definite time T' . Por this 

docking system, it is required that x • c1, y • 0, and z • 0 in the time 

period T' after the docking maneuver has begun. c1 is the aeparation 

distance along the X axis. These values are substituted into Equations 

53, 54, and 55 to yield 

(x • IDZ)Tt 
k 

YT' 0 •y ... -
0 . k ' 

(i + rux)T ' 
k 

(56) 

(57) 

(58) 

These equations represent the ideal case considered at the point when 

to enact the maneuve1. 

The situation that prevails after a time period t can be found by 

subtracting Equations 56, 57, and 58 from 53 , 54, and 55 . 
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Motion is considered along the Z axis by subtracting Equation 53 

from Equation 55. 

or 

<z + U>x)t 
Z • Zo + - Zo -

z • 
(z ;- U>x)(t - T') 

k 

(z + (.l.)x)T' 

k 
(59) 

(60) 

Solving Equation 60 for the ideal velocity z after a time (T 1 - t) has 

elapsed yields 

-kz z • z1 • ----
(T' - t) 

• rox . (61) 

The subscript i means that this is an expression of the ideal velocity. 

The value of directional velocity expressed in Equation 61 represents 

the ideal velocity required at the time t when position components z 

and x are measured and z is required to be zero at time (T' - t) seconds 

later . This ideal velocity represents a reference to which the actual 

velocity of the interceptor in the Z direction at time t can be compared. 

In the same n\8tlner, ideal velocities in the X and Y directions are 

found to be 

•k (x - C1) 
x - + (l)Z ' i (T' - t) 

-ky 
Yt • (T' t) -

Because x1 is not necessarily zero at . time T', Equation 62 is 

modified to include a nominal cloeing velocity c2. 

(62) 

(63) 

(64) 
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Equations 61, 63, and 64 represent velocities which guarantee that 

the interceptor will be in the correct position and moving at the correct 

velocity at time T'. The commands that activate the control engines are 

made by comparing these ideal velocities to the actual measured velocities. 

If an error exists between the ideal and actual velocity that exceeds 

some value Ve, the vernie:i: control engines are activated to make the 

corrections in the required directions. If the error is less than V8 

the engines are deactivated. The existence of the error margin velocity 

Ve prohibits the control engines from switching on and off, or hunting 

around the ideal velocity. Aleo, the thrust engines are probibited from 

firing if they are not aligned within certain limits of the command 

direction. 

Thus if J xi - 5c j > Ve the X direction rockets are turned on in the 

correct direction. Thrust in the X direction, as developed in Equation 12, 

is 

Tx x 2mz 
r) -- - -ID""X, 

~ 
(12) 

or 

. Tx 
2m !. (.1)2X • x ·- :.. -+ 

~ 
(65) 

From these, a close approximation of the time for the X direction engines 

to be on is found to be 

- (66) 
Tx 2 +- 2ooi + w x 

Similar equations can be developed for the time of thruat in the Y and Z 

directions using Equations l3 and 14. 
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Therefore, a program is established which assures that docking will 

occur. 'l'be gain constant k must be chosen (based on thrust available) 

so that there is sufficient time for all maneuvers to occur while 

attaining the docking path. 

An advantage to this type of guidance system is that the interceptor 

can be made to approach the target along any specified direction. 'l'bia 

is accomplished by putting the proper position constant• in Equation• 56, 

57, and 58. 'l'be required closing velocity is attained by adding the 

proper component constants to Equations 61, 62, and 63. 
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PINAL APPROACH 

The preceding system is established so that when x • c1, the y and z 

component• of displacement are driven to zero. Also, at this point, the 

nominal cloaing velocity between the two vehicles is established as 

x • c2• Now, it remains to define a system which will guide the inter• 

ceptor until contact and final lockon with the target is made. 

It is remembered that the 0.100 foot radius scintillation detector 

discussed in the section about range determination reaches its lower 

limit as a range detector when range equals 50 feet. This is the range 

value where 10,000 gamma rays per second hit the detector phosphor 

crystal. Therefore, a new system of range measurement must take over 

from this point on in. 

The value of c1 in the steering equation&, where the values of y 
and z are zero, ia made equal to -50 feet. Then, from x • -50 on in, it 

can be a1aumed that the lateral displacements y and a will be quite 

small. Thi• assumption allows small angle approximations to be made. 

Then the range value r is approximately equal to •x. 

Again, use is made of the detectors that seek out and follow 

individual point sources. By referring to Figure 2, it is seen that 

x • -r • -11 cot ~. 

x • 11 cec2 ~ ~, 

(67) 

(68) 

where i 1 is the distance between point sources J and K. ~ is the angle 

between the sensors which seek points J and K. Thrusts in the roll axis 

direction can make the corrections necessary between the desired closing 

velocity c2 and that measured by Equation 6ti. 
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For perfect alignment of the interceptor roll axis with the middle 

of the target vehicle, the point source J should align with point source 

L as viewed from the interceptor. Likewise, point sources K and M should 

align. Any lateral deviation can easily be determined by angular dif-

ferences in the sensors tracking these pairs of point sources. The 

direction of the deviation can also be readily determined for it is the 

same as the direction of the line JL or KM as detected from the inter-

ceptor. 

This final approach step is included to provide a time to correct 

errors that exiat in closing velocity and angular alignment. Restricting 

the approach to have a final check at ·50 feet builds in a safety factor 

for the mission. If some component of the interceptor malfunctions 

during the rendezvous and docking procedure, the interceptor can go 

crashing into the target vehicle which could be disasterous. With the 

check in position at -50 feet and the subsequent vernier control phase, 

the capability exiets of either making a new docking attempt or aborting 

the mission. 
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RESULTlliC GUIDANCE SYSTEM 

The resulting docking guidance system developed in this investigation 

is shown in block diagram form in Figure 5. Tbe sensors determine range r 

and the angular values a, ~. and 7 which exist between direction• of the 

point sources on the targets. These four parameters are inputs to the 

coordinate computer. The angular attitudes of the sensors on the inter-

ceptor are also determined and sent as inputs to the attitude control 

system. 

The coordinate computer dete rmines angles Fi and • by Equations 20 

and 36. These two angles are used with range r to calculate x, y, and z 

by Equations 15, 16, and 17. Tbe velocity components x, y, and z are 

found by measuring the time rate of change of x, y, and z. Prom the co-

ordinate computer, inputs of n and • are sent to the attitude control 

system. Tbe velocities x, y, and z are sent to a comparator. The posi-

tion components are inputs to the velocity command computer. 

The velocity command computer calculates ideal velocities by 

Equations 61, 63, and 64. These ideal velocities are alao sent as 

inputs to the comparator. 

The attitude control system computes the angles that the interceptor's 

pitch and yaw axes make to the line-of-sight. These are found by measuring 

the sensors' gimbal angles to tne interceptor's axes and the interceptor's 

attitude to a stabili?.ed platform. When these angles are determined, 

they a r e compared to components of angles r and t. The differences are 

attitude errors of the interceptor. These errors are sent as signals 

to the propulsion system which is activated to correct them. 
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The velocity comparator measures the velocity errors. These errors 

are also aent as signals to the propulsion system where correcting re-

actions take place. 

The propulsion system makes attitude corrections first. When the 

interceptor attitude is acceptable, velocity corrections are made by 

use of equations such as Equation 66. Constant thrust engines are 

adequate for the propulsion system. 

Thus, the entire system is coordinated so that it can take the 

random position and velocity conditions and use them as signals to 

direct the docking maneuver. The sequence of events which take place 

among the interdependent guidance and control subsystems are programmed 

so that the desired motion of the docking maneuver results. Proper 

gain constants, time delays, and error margins are found by analysis of 

each subsystem so that the optimum response of the entixe system takes 

place. 
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SUMMARY AND OONCWSION 

The problem of devising an automatic docking guidance ayatem waa 

studied by dividing it into two questions. 'lbey are: 

1. How can an interceptor determine its position 

relative to the targett 

2. How can the interceptor use the values of 

position components as signals with which to guide 

itself to the targetT 

In answering the f irat question, use was made of a principle from 

solid mechanics: The relative position of a rigid body to an exterior 

point can be defined by determining the relative positions of three non-

linear points within that body to the point. Thus, by placing three 

point sources of gamma radiation on the target eatellite, it was shown 

that the interceptor was able to determine the relative position co-

ordinates by using scintillation detectors. It was necessary to have 

four point sources on the target so that thie method would function from 

either side of the target. 

To answer the second question, the relative velocity equation was 

transformed into ideal velocity component equations for the three 

cartesian directions as defined from the target vehicle. These ideal 

velocities are functions of the position components and the time remaining 

for the docking maneuver to be accomplished. Therefore, by having the 

control system correct the errors between the ideal and actual velocity 

components, the interceptor can be guided to dock with the target. 

As is true in the evaluation of any system, there are advantages and 
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limitations that must be considered. Of course, the overdll advantage of 

having a special guidance system for the docking phase alone is evident 

when the risks of not having one are considered. If th.e less accurate 

radar sy1tem used for the terminal rendezvous phase were extended to be 

the docking guidance system, heavy structural tolerances would have to be 

built into both the interceptor and the target vehicles to withstand the 

random final impact. On the other hand, the proposed guidance system not 

only provides for a soft, accurate docking maneuver but provides for a 

position check point so that a malfunction of the doc~,ing guidance system 

can be found before a damaging collision is made. 

It has been suggested in the literature ( '1) that optical sensing 

devices might be employed as basic sensors for the docking maneuver. 

These sensors could use the same principles as the scintillation detectors, 

each seeking different color or modulation frequency light sources. The 

disadvantage of the optical senaor, however, is that the point sources 

of light on tile target must be on for a long period of time and must 

also remain at constant energy levels over thh period of time. Such a. 

system would cause a large electrical power loss from the sate ll ite. 

Otherwise, there must be some device on the target to turn the lights on 

and off at the required times which might have questionable reliabiJity. 

The merit of using the scintillation detector aa the basic sensor is 

that all operating electrical parts of the guidance system are on the 

interceptor. Although the point sources emit gamma rays continuously, 

they are not dependent on any other process taking place on the target. 

Thus, docking can always take place even if there would be a power unit 

failure on the target . 
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There are certain regions of the Van Allen radiation belts where 

docking could not take place using the scintillation detector. In these 

regions there are dense, high-energy protons and electrons from which the 

detectors could not be adequately shielded the particles would saturate 

the detector at all energy levels so that no measurements could be made. 

Therefore, the orbit path of the target vehicle would have to be planned 

so that docking could take place outside of these regions. 

The scintillation detectors' n•asurement accuracies would also be 

affected by the activity of the sun. During the times of large so.tar 

flares, dense quantities of multi•energy photons exist around the earth 

which would cause the detectors to be non-functional as docking guidance 

sensors . However, periods of time can be predicted when solar activity 

is negligible so that docking can take place. Because a .small solar 

flare can exist at random which would momentarily saturate the inter-

ceptor's scintillation detectors, the interceptor roust be able to sense 

these occurrences. Then the docking maneuver can be tenaporarily delayed 

until such radiation passes. 

An obstacle confronting the use of an automatic docking system 

employing gamma radiation detection is the cost of developing a detector 

with enough precision to yield the required accuracy. Also, tests must 

be run to develop tbe sydtem which keeps errm:s caused by Compton scat-

tering and random photon outputs at a minimum. However, with the advent 

of the recoverable fen:y vehicle, the initial cost of developing the 

docking guidance system can be spreed over a long period of usage. 

Then, when considered with the increased chance of repeated mission 

success, the foregoing development of a docking guidance system using 
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the scintillation detector seems quite reasonable. 

In conclusion, the result of this investigation has been the 

determination of a feasible technique which can be utilized to fill the 

need for an automatic $pace docking guidance system. The development 

of this guidance system would allow the building of very elaborate space 

satellites, for it can be seen that placement of these poi,nt sources 

could be easily varied in location on the target. Also, the maneuver-

ability of the interceptor mat<.es it possible to build onto the satellite 

f r om any direction. The most important factor is that this can be done 

accurate l y without requiring the presence of man. 



REOOMMENDAnONS FOR FURTHER STUDY 

This preliminary study of a docidng guidance system was partially 

based on the assumption that the scintillation detector could be developed 

as the sensor for determining relative position between the interceptor and 

target vehicles. The next logical step is to test a group of scintillation 

detectors to find out if they could successfully determine the location of 

a point source of gamma radiation . Further testing wouJd be required to 

decide whether or not the theory of using three sensors (composed of 

scintillation detectors) to determine the relative position components of 

a satellite is workable. If these tests demonstrate that gamma-ray 

detection can provide the degree of measurement accuracy required, then 

it can be said that the s ystem developed within this paper provides a 

definite means of docking guidance . 

Further analysis of the docking guidance system propo1ed in this 

study is necessary to determine the type of controls necesaary. Study 

is also necessary to determine gain constants, time delays, error margins, 

and other factor s of each subsystem which inf l uence the success of the 

docking maneuver. System analyses of the control and propulaion systems 

.and their effects on the guidance system provide further areas of nee• 

essary research. 

A final step for verification of the feasibility of this docking 

guidance system would be to define mathematically all subsystema of 

which it is composed. Then a computer study, in which eacil subsystem is 

simulated, could be made . In this way, the entire guidance syatem could 

be analyzed to determine whether it is adequate to direct the docking 
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maneuver with variable input conditions. Also, design change ideas 

could then be analyzed to arrive at the optimum ~ystem. 

Many related areas of study concerning docking remain which depend 

on the design of the vehicles involved. These include the study of the 

design of possible latching devices, structural requirements of the 

uniting vehicles, and design of automatic methods for transferring 

cargo. Another investigation tthich can use the principles developed 

in this thesis is that of a guidance system required to maintain the 

interceptor at a fixed position away from the target or to cause the 

interceptor to rotate around the target for inspection purposes. 
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