
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



i

w

N69-25228
4ACC9991 N NUMBER)	 ITNIIUI

IrAOC^	 ^COOCI

IN^rA-GW 09 IWX fR AV NY ENRI	 ICATROONY)

S D 69-3

PROGRAM FOR OPTIMIZATION OF
TWO-IMPULSE TRANSFERS

BY CONTOURING AND STEEP DESCENT

3 January 1%9

Prepared by

1

G. A. McCue
D. F. Bender
J. M. Morford

Ap roved by

C. R. Maulders, Manager
Flight Technology
Science 8- Technology

SPACE DIVISION
NORTH AMERICAN ROCKWELL CORPORATION



S D 69-3

PROGRAM FOR OPTIMIZATION OF
TWO-IMPULSE TRANSFERS

BY CONTOURING AND STEEP DESCENT

3 January 1969

Prepared by

G. A. McCue
D.F. Bender
J. M. Morford

Approved by

C. R. aulders, Manager
Flight Technology
Science & Technology

SPACE DIVISION
NORTH AMERICAN ROCKWELL CORPORATION

a



SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

PRECEDING PAGE BLANK NOT FILMED.

FOREWORD

This work was principally performed under R&DA

Nos. 2141 and 6552. Additional support was derived

from the National Aeronautics and Space Administra-

tion's Marshall Space Flight Center under Contract

Nos. NAS8-5211, NAS8-1582, NAS8-20238, and

NAS8-21077.

SD 69-3
iii



SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

ABSTRACT

Mathematical formulations of the general optimum two-impulse orbital

transfer problem lead to expressions which, except for special cases, are

analytically intractable. Numerical techniques therefore were developed

and used to study optimum transfer modes—many orbit pairs yield four

useful relative optima. A parameter space was adopted to represent the

impulse function; that is, impulse was defined as a function of take-off point,

arrival point, and transfer orbit semi-latus rectum. This abstraction

allows visualization and detailed examination of surfaces of constant impulse.—

thus revealing the structure of impulse functions. Digital computer function

contouring methods a,-e utilized to accomplish this initial optimization and

function exposure. This entire procedure requires about 10 seconds of

IBM 360 computer time.

Once the optima are located by contouring they may be further studied

by an "adaptive steep-descent" procedure. The program will automatically

investigate the suspected optima revealed by contouring by conducting a

numerical search for the exact optimum. With this descent technique, an

optimum is found by taking trial and error search steps in a direction

approximating the negative gradient of the impulse function. The procedure

iv
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is an advance over older methods in that the step sive is adjusted automati-

cally to handle scaling and accuracy problems that are encountered when

detailed analyses of optima are &sired.

In this report, the program and its subroutines have been documented

and a sample problem presented. This function contouring and adaptive

steep descent program is written in double precision FORTRAN H.

Depending upon the complexity of the optimum regions, the program will

contour the entire function, produce detailed maps of all suspected optima

and converge to the minimum impulsive transfer in less than a minute of

IBM 360 time. The program's reliability and versatility have been

demonstrated repeatedly during studies of finite thrust orbital transfer. If

the user desires he may input only the central body name, the unit system

desired and the orbital elements. With only this minimal data the program

will carry- out the complete optimization procedure without additional input

parameter specifications. It therefore can be successfully used by relatively

untrained analysts.
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NOMENCLATURE

Scalars

a

a

i

p

r

Semimajor axis

Magnitude of step siz4-

Eccentricity (magnitude of e)

Inclination

Semilatus rectum

,Radius to satellite

sl, s
2.

, s 3 Scaling parameters

Ae	 Transfer angle (true anomaly difference in transfer orbit
plane)

µ	 Gravitation constant

01	 Angle from reference axis to departure position in initial
orbit

Angle from reference axis to arrival position in terminal orbit

w	 Argument of perigee, angle from reference axis to perigee
point

Vectors

e	 Orbit shape and orientation vector

g	 Unit vector in gradient direction

I	 Impulse vector

1\T 	Unit vector denoting reference direction (line of intersection
+	 of initit°+1 and final orbit planes)

ix
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Vvc'tors

r

[ t^

(1vocc-nt rir siitcwllit y position vector

Unit voc'tor dirvot-d toward point of departuro from initial
o rbit

Unit vc a otor directed toward point of arrival in final orbit

Velocity v(-ctt^r

Unit vrctor direck- l along orbit' s angular momentum vector

Initial o rbit

t12

V

W

Subscr:^t^

1

2
	

Final orbit

t
	

Transfer orbit.

ti
	

Transfer orbit departure point

t2
	

Transfer orbit arrival point

x
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I. INTRODUCTION

Success of a variety of space missions depends ultimately upon an

ability to maneu r in orbit. The high fuel requirements usually associated

with orbit-changing maneuvers make it essential that optimum orbital trans-

f :r modes be investigated. While these modes might not be employed in the

artual mission, they do represent lower bounds against which vehicle design

compromises may be measured. Furthermore, the optimum two-impulse

transfer has proven to be a very good approximation to its finite thrust

counterpart. It will therefore suffil,--N for most design studies.

This paper concerns a program for computing the optimum two-impulse

orbital transfer between any pair of unperturbed elliptical orbits. The

objective of the orbital transfer maneuver is to transform the five orbital

elements, p, e, w , i, 0 of an initial orbit to match corresponding elements

of a final orbit. This is accomplished by instantaneous velocity changes

(impulses) which may be applied at arbitrary points on the initial and final

orbits. Impulse optimization is accomplished for free end points; i. e. ,

impulse is minimized with respect to take-off and arrival points, as well as

transfer orbit geometry.

Little analytic information is known about the optimum orbital transfer

when end points are unspecified. Like many problems of celestial mechanics,

the formulation is straightforward and, except for special cases, the equations

1
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are analytically intractable. Thus, for the general problems, one either

accepts simplifications in the mathematical model or he must utilize numerical

techniques.

This report describes a program in which numerical methods are

empluyed to allow visualization of an ''impulse function space''—a geometrical

abstraction of the impulse function. This technique allows concise graphical

presentation of all optimum impulse information concerning any pair of

elliptical orbits. Prior work associated with the development of the con-

touring program which is described herein may be found in Refs. 1-10.

It was found that a computer contouring technique that produced a

visual ''map'' of the function was a powerful tool for examining the nature and

structure of the entire: impulse function. This technique made it possible to

identify all possible regions of a given function which represent optimum

transfer conditions.

Function contouring proves adequate for locating minima and for pro-

viding insight, but at times it does not yield the numerical accuracy that

would be required for actual orbital transfer. For example, for some

interesting orbit pairs the impulse functions have long, narrow ''valleys''

containing several minima. In such cases it is difficult to determine the

optimum transfer circumstances with a precision adequate for use in

engineering design studies.

Several steep descent processes (numerical techniques) were used in

an attempt to accurately and quickly compute the optimum conditions

2
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Experience with these processes demonstrated, however, that a more

powerful ''adaptive descent'' technique was needed.	 Such a technique has

now been included as part of this computer program.	 This numerical

optimization method has been applied successfully to the minimization of

numerous orbital transfer functions, and it is particularly effective for

optimizing functions which have long, narrow structural features.

The program described here combines much prior work in a form that

allows maximum flexibility in the solution of two-impulse transfer problems.

Depending upon the comxplexity of the optimum regions the program will

contour the entire function, produce detailed maps of all suspected optima

and converge to the minimum impulsive transfer in less than a minute of

IBM 360 tirae. The program's reliability and versatility have been demon-

strated repeatedly during studies of finite thrust orbital transfer. If the

user desires he may input only the orbital elements and the program will

carry out the complete optimization procedure without additional input param-

eters. As a further aid to the user, the program. tabulates numerous param-

eters concerning the optimum transfers. Experience has shown that the

given output parameter set is usually desired for further studies.

3
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II. TWO-IMPULSE ORBITAL 'TRANSFER FORMULATION

Referring; to Fig. 1, consider a two-impulse transfer process between

an initial orbit with elements p l , a 1 , w 1 , i and a final orbit defined by

P2 . e 2 , w 2 0 Tlio formulation assumes Keplerian orbits and results from

choosing the final orbit as the reference plane. That is, i is the relative

inclination of the two orbit planes (cos i = W 1 W2 , where W 1 and W 2 are

unit vectors directed along the angular momentum vectors of the initial and

final orbits)„ For coplanar orbits, the line of nodes or reference direction (N)

is arbitrary, but for inclined orbits N is defined as the line of intersection of

the two orbit planes (N = W 2 x W 1 / I W 2 x W l I ).

For the general case, there is a three-parameter family of transfer

orbits joining any two specific orbits. The angles from the reference line

to departure point (0 1 ) and from the reference line to the arrival point (02)

are a natural choice for two of the three independent variables, since they,

along with the given orbital elements, specify position and velocity in the

known orbits (Fig. 1). The semilatus rectum (p t ) of the transfer orbit was

the third parameter used for this study. It was chosen since it simplified

the structure of the impulse function, I (0 1 , 0 2 , pt ). It also avoided several

undesirable discontinuities that are present in other formulations. (A dis- ,

cus sion of the use of alternate variables may be found in Refs. 3 and 11. ) A
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Figure 1. Orbital Transfer Geometry
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discussion of the properties of the impulse function considered here appears

in Ref. 1. Additional properties of this function were obtained by Lee. (9)

TRANSFER GEOMETRY

Geocentric unit vectors (LT 1 and U2 ) and radius vectors (E l and r2)

directed toward the departure and arrival points may be computed from

Olt 0 2 and the elements of the initial and final orbits

U l = [cos 0 1 , sin 0 1 cos i, sin 0 1 sin i]	 (1)

U2 = [cos 0 2 , sin 0 2 , 01	 (2)

P^

r. =	 J	 Uj	 j = 1, 2	 (3)
— J	 1 + ej cos (Olj -wj )

Unit vectors normal to the three orbit planes are defined as follows:

W 1 = 10, - sin i, cos i]	 (4)

W2 = [0, 0, 11	 (5)

Wt = U 1 x U2 / I U 1 x U2 (	 U 1 x U2 0; 0	 (6)

Two vectors that define the shape and orientation of the initial and

final orbits complete the transfer geometry:

ej = e  [cos wj , sinwj cos ij , sinwj sin ij ]	 j = 1, 2	 (7)

The subscripts 1, 2, and t denote initial, final and transfer orbits.

6
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The true anomaly interval traversed in the transfer orbit (DO) may

be determined directly:

cos a 0 = (U l • U2)	 0'< 0 0 < 180 - 	(8)

No generality is lost if the true anomaly interval is limited to the first

two quadrants. Although this does restrict the problem to ''short transfers'',

the ''long transfers'' (180"< p 0 < 360 1 may be computed by changing the

signs of the velocity vectors in the transfer orbit. If sin A 0 = 0 , the plane

of the transfer is no longer uniquely determined and an alternate formulation

is required to avoid this singularityil2)

IMPULSE COMPUTATION

The function to be minimized is the total impulse for the two-impulse

maneuve r:

I = I?ll + IIZ I 	 (9)

where

11 =:* Vtl - V 1	(10)

12 = V2 -T Vt2	 (11)

(When a douLle sign is used, the upper sign refers to a ''short transfer'').

Velocity vectors in the initial and final orbits at the departure and

arrival points (V l and V2 ) and the corresponding velocity vectors in the

transfer orbit ( V tl and V t2 ) are computed as follows:

V l = (µ/pl)1/2 wl x (el + Ul )	 (12)

SD 69-3
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V 2 (µ/p2)1 /2 W2 x (@2 + U2 )	 (13)

Vtl	 ((1j./pt)
1 /2	 */pt)	 Wt x (e t + U l )	 (14)

Vt2 = (1-k/pt)1 /2 W t x (e t + U2 ) *	(13)

The final impulse equations are obtained from Eqs. 10-17 by substituting

Eq. 6 and performing; several algebraic manipulations:

11 = t [v_ + ZU l ] - V l	 (16)

I2=V2T[V-zU21	 (17)

where,

V = I
(µpt ) 1/2

L2 - r l ) / r 1 x r 2	(1$)

Z = (µ
/pt) 1 /2 tan (A0 /2)
	

(19)

Impulses corresponding to ''long'' and ''short'' transfers are compared

by changing the double sign in Eqs. 16 and 17, and the combination producing

the lesser impulse is used for the remaining computations.

* Note that et is an intermediate variable similar to el and e2 ( as in Eq. 7 ),
but no formula is given since it later drops out of the derivations.

8
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III. IMPULSE FUNCTION INVESTIGATION

While the formulation of the expressions for impulse computation is

relatively straightforward, the exact mathematical expressions are not sus-

ceptible to analytical solution. One must therefore resort to numerical

techniques for optimizing the solution vector I (0 1 , 02 , pt)'

At best, conventional numerical search techniques only provide infor-

Mation concerning a function's local properties. (13) Yet a detailed under-

standing of the impulse function's structure is essential for interpretation of

numerical results. The number, shape, and relative importance of minima

are requisites to a complete analysis of transfer problems since numerical

optimization methods (e. g. , steepest descent) find only that minimum impulse:

which is closest to the point of search initiation.

A geometric ( 11 0-space") representation of the impulse £unctior was

adopted. In Figure 2, pt , 0 1 , and 02 are measured along the principal axes

of an orthogonal coordinate system. All possible transfers between a pair

of orbits (excluding the AO = 0° and AO = 180° function singularities) lie

within the volume defined by 0':5  0 < 360 0 , 00 < 0? < 360 0 , 0 < pt < + co . Of

course, 0 1 and GA L undergo cyclical repetition outside this volume.

Studying the impulse function in 0 -space required visualization of sur-

faces which are the loci of points having the same impulse. These "impulse

surfaces" are generally closed and surround optima in much the same manner

9
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P

5000

5600♦ # I

ONTOURS
000
LANE

Figure 2, Schematic View of Impulse Function Space and
Impulse Contours

10

SD b9-3



';f'MT, DIVISION ,a, NO 10 11 .1\1F,Itlt'e1N ItO CK1\ 1;1.1, CC)KPO I(ATION

that the successive layerr, of an onion enclose its center. Impulse surfac vt -

may i)e visualized and studied by considering their traces upon a cutting

plane (Fig. 2). The resulting contours o f equivalent hiipulse that appear in

rtiost of the figures presented here have been found to provide a wealth of

data in a concise easily understood form.

These contour reaps are produced frorii an array of impulse values

which are parametrically generated from Equation 9 with 0 1 , 0 2 , or p t being

held constant. Constant impulse contour lines, consisting of :short straight-

line segments, are than fitted between the survey points. It is important

to note that the fidelity of the contouring; technique depends directly upon the

number of survey points. This fact should be remembered when examining

certain structural details of the contour maps produced by the computer

program.

Several seconds of IBM 360 time are required to contour a typical

:g ray of survey data (500-1, 000 points). An SC-4020 CRT is then employed

to plot the contour maps.	 A description of the contouring technique appears

in Refs. 5 and 7. These contouring routines form an important package which

is part of this complete computer program.

11
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IV. p-OPTIMIZATION

The technique of passing a number of cutting planes through a given

0-space- sufficos to isolate optima and other pertinent features. However,

as a O-space bCCO111V8 more coniplcx, this technique requires that numerous

contour maps be generated. A ''j)-optinAzation" technique was developed to

overcome the above difficulties and thus present one contour map containing

only optimum impulse information. Given 0 1 and 02 (i. e. , r l and r 2 ), it is

desired to find that p t which niinin-ices the impulse defined by Equation 9.

The differentiation of Equation 9 yields

1 1 	 dIl	 12 - d 12
(I I -	

I II — 

+	

1 121	

(2-0)

Since V I and V2 are independent of pt

(21)

Pt	 a Pt

a 12	 6V—t2 (22)

a pt	 a Pt

This leads to an expression for the derivative of impulse with respect to pt

which may be set equal to zero.

! l	 z LTj)	 1Z. (v + z U 2 ) _
= 0	 (2 3 )

a pt	 2pt	 (I2I	 1	 1

Equation 23 is used to direct a numerical search that seeks the value

of pt that minimizes impulse for the given 0 1 and 02 . Though Equation 23

12
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has several roots, usually only those roots which correspont' to elliptical

transfer orbits are useful for impulse minimization. For certain elliptical

orbit pairs, it can be shown that optinium two-impulse transfers between

particular groups of end points result in hyperbolic transfer orbits. (9) The

range of	 which produces an elliptical transfer orbit is bounded. These

boundaries (parabolic orbit limits) are defined as follows:

r l r 2 - rl x2
Pmin =	 1 2	 (24)

r l + r 2 + I 2(r l r 2 + 1 1	 r2)l

r l r 2 - r l . E2	(25)
Prriax '

r l + r 2 - 2(r l r 2 + r l - r2), 1/2

Except for certain special cases, only one minimum, impulse will occur

between these limits. (9) An effective numerical technique has been devised

to seek the required optimum impulse solutions where PnAn < Pt < Pmax-

The contour maps presented throughout the remainder of this paper

were generated using this technique. Approximately 500 p-optimizations

were required for the generation of each contour map, a process which

requires 5-10 seconds of IBM 360 time.

Figure 3 is a p-optimized survey of the O - space associated with the

orbit pair which was examined in Figure 2. Note that the optimum impulse

(feet per second) for any 01 , 0 2 may be read directly from the contour map.

The advantages of the p-optimization technique should be apparent from a

comparison of Figures 2 and 3. Complete description of a 0 -space requires

the generation of numerous cuts at various values of one of the rariables.

13
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Once these cuts are available, it is difficult to extract the optimum impulse

information. The p-optirnization technique allows complete description of the

optimum impulse regions of a 0 -space in one contour map. One may easily

proceed from these contour maps to numerical searching programs which

permit exact detailed examination of regions of particular intern-. -f.

Note that Figure 3 readily illustrates the circumstances of the four

optimum transfers. At the same time it is possible to note their relative

importance and to infer certain other properties such as error sensitivity,

i. e. , a I/a 01 and dI /aO 2 may be approximated from the contour maps. Other

features of 0 -space structure such as regions of extreme impulse are appar-

ent. Contour levels are usually printed beside the maps and areas not

contoured require more impulse than the highest level contoured.

14
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Figure 3. Optimum Impulse Contours for an
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(Contour Interval = 500 ft/ sec)
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N*, EXACT OPTIMIZATION BY STEEP DESCENT

IN I RODUCTION

Within subroutine SURVEY which produces the impulse contour map of

Fig. 3, it has been possible to construct logic to identify points which are

possible local minima.	 The program may be instructed to investigate each

of these points by conducting a detailed search for a local minimum. The

logic and procedures required for such investigations are detailed in this

section along with some examples of the program's functioning.

IMPULSE MINIMIZATION

Minimization of Eq. 9 by a steepest descent technique requires com-

putation of the gradient. Recalling that differentiation of Eq. 9 provided the

following expression:

(I1	 dIl)	 (12 	 dI2)
dI =	 +

^Il)	 II2)

One may proceed with further differentiation as follows:

ai _ \I1   a pt /+ \IZ - ap >
a pt	 1111 	 1 (26)

16
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a

at _ ^Il ^

ail

 a01 ) +

001	 ii

ail
at Il ' a0y

ap Z °	 I Il

ail
Iz ail/

Iz . 80? r'

1 I2 I

(27)

(28)

Terms in the above expressions may be expanded.

al l 	aVtl - aVl
apt 	 apt	 apt

a z = avt2 + aV2
apt 	 apt	 apt

a I1 _ ^ aVt1 _ ail

a 01	 a 01	 a 01
(29)

a?l 	 aVt1	 aVl

a0z	 a0z	 a0z

aiz _ avtz

+ 
iv-2

a0 1 	 a0l	 a01

aI2 =	 avt2 + ay?.
a02 	 a0z	 a0z

Noting that aV l / apt and aV2 /a pt are each zero, a simplified expression for

aI/a pt may be obtained through several algebraic manipulations:

8Iz

17
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dI	 1	 I 1 . (°; - r.U l )	 I2 	 (v + ZU2)

d pt -	 2p t 	 I 11 (	 112 1

Additional expressions are obtained from Eqs. 26 - 29 by direct differentiation

of the vector equations.

dytl	 1/2 Pt U	 d csc ae csc A6 dr l
60, - ( µ /pt)	 rl -2	 d0l	 rl 	 d01

+ 1 - -tt 	 Ul d csc 18 + csc Ae aU1

r 2 	 a0l	 a01

UUl d cot A6 _ cot 08 a-1	 (31)
a0 l 	 a0 l

	

ay, _ (4/pl) 1 /2 (-cos 0 1 , -sin 0 1 cos i, -sin 0 1 sin i	 (32)
ail l

aVtl _ (4 /pt) 1 /2 pt U2 a csc A8 + csc A0 dU2
a 02	 rl	 a o2	 a 02

r
+U1	 1 - Pt a csc D8 + 

pt
csc m8	 2

r
1 ( 	 )2	 a^2	 r2	 d02

a cot AO	 (33)

_ a02

aVl = p	 (34)
a02

18
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Ud-
T t2 . fµ/pt)1 12 _ Pt U1 dcscAO + c g cA 0 8—1

a 0 1	 r2	 d01	 801

+ U	 1 - pt a csc A6 _ pt csc08 art—2	 r1	 d01	 r12	 a0l

+ dcot A 0

001

8Y2 =0
d01

(35)

(36)

ay t2	 1/2 p t 	 dcsc&0	 1	 ar2
80 = (

4 /p t )	 r U1 -	
a0	

+ 
Y 

csc ^ 0 80
z	 2	 2	 '2	 2

_ 1- Pt	 U2 a csc A 0 + csc A 0
r 	 802	 a02

	

+ U2 6 cot A0 + cot A 0 dU 2	 (37)
602	 a02

2 = ( µ /p 2) 1 /2 [ - cos 02, - sin 02, 0
6022

The remaining terms in Eqs . 31-38 may be computed from the

following expressions

aUl = [-sin 0 1 , cos 0 1 cos i, cos 0 1 sin i]
E) 01

a U 2 = [-sin 0 2 , cos 02, 01
a02

(38)

(39)

(40)

d r 2	r2 2 e 2 sin (0 2 - w2)	
(4.2)

a02	 P2

19
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0 csc A 0 _ _ csc A 0 cot ®0 6A 6 j - 1, 2	 (43)

ocotOe = - csc 2 O0 a&0 j = 1, 2	 (44)
0 Oj	a0j

The following convenient expression for o0 allows computation of

the remainir.g derivatives:

08 = cos -1 (cos 0 1 cos 02 + sin 0 1 sin 0 2 cos i)	 (45)

aAe -(-sin 0 1 cos 02 + cos 01 sin 0 2 cos i)

d e l f 1 - (cos 01 cos 0 2 + sin 01 sin 0 2 cos i)21 1 ^2

a00 - (-cos 0 1 sin 0 2 + sin 0 1 cos 02 cos')
(47)

d0 2 [1 - ( cos 01 cos 02 + sin 0 1 sin 02 cos i)2l 1/2
1

NUMERICAL OPTIMIZATION

Since the necessary conditions for a minimum impulse (setting

Eqs. 26, 27, and 28 equal to zero) yield an intractable set of equations, one

is faced with the problem of numerically solving an ordinary calculus

problem involving the minimization of a function of three variables. Early

attempts to minimi2,e the impulse function considered here were successful

but often required excessive amounts of computer time(" )The scheme

reported in Ref. 11 was a stepwise steep descent procedure similar to one

of several methods discussed by Kelley: (14) the local negative gradient was

computed and a step-by-step search in that direction was continued until a

minimum was reached. Then, a new gradient was computed and the search

was continued in same new direction. This whole process was repea^ed

until the minimum impulse was found.

20
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A procedure which was found to be computationally superior to the

steep descent scheme reported in Ref. 11 was to make; each step extremely

small and to recompute the gradient after each step. In this manner one

may cause the search to proceed stepwise in the approximate direction of

the steepest descent. Ref. 12 contains a comparison of the convergence of

the two methods. Although these two methods were later shown to be

inadequate for minimizing the functions to be considered here, they were

capable of producing valuable results (some of these results appear in

Refs. 15, 16, and 17).

Due to the wide variety of impulse functions which may occur, it

was desirable to develop a descent method having; sufficient flexibility to

overcome the vagaries of any par.tit-ular function. Further, a method which

would provide information concerning the structure of a function's "valleys"

was considered very desirable. In practice, this information is valuable

because non-optimum orbital transfers corresponding to points on a "valley

floor" often must be considered in order to satisfy rendezvous constraints. (15)

Rapid convergence was not considered to be a necessity. Instead,	 it was

desired to insure a methodical search to the nearest local minimum. A

rapidly convergent p rocess which might converge upon some other nearby

minimum was to be avoided.

COMPUTATIONAL PROCEDURES

The "adaptive descent 11 process conducts a step-by-step numerical

search employing Eqs. 1 - 47. The search is terminated when the

following necessary conditions for a local minimum have been achieved:

21
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n

gl

92
	 , j = 1, 2, or 3

93
	

(49)
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0I
c	

di	

^
	

'1

	
= (I, 0< C I << 1. 0	 (48).^ l ► 	 ^ 1, ^-

	

x,0 1 	 i) 02	 apt

During the n'th step of the search the gradient vector is computed and the

n + 1st coordinate vector is determined as follows:

where a modifies the step size, the s j are variable scaling parameters, and

g 1 , g 2. , and 93 are the components of a unit vector in the gradient direction

(see below). Note that the scaling factors are normalized relative to one of

the scaling parameters (s j ). This normallzation is necessary since it

provides a reference magnitude for the determination of the step size. Note

that this normalization in no way restricts the direction of step since the

ratios s 1 : s 2 : s 3 and s 1 /s j : s2 / s j : s 3 /s j are equivalent.

Eq. 49 is employed to generate points at which the impulse function,

I (0 1 , 02 , pt), is evaluated. An additional constraint on the process

requires that the sequence of computed impulses I (0 1 , 0 2 ► 
pt)n be monotone

decreasing.

The control logic for the optimization process is as follows:

(1) If the inequality

I (0 1 , 0 2 ► p t ) n + 1 < I ( 0 1 , 0 2 , pt ) n	(50)

22
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is not satisfied, a is decreased by a prescribed percentage, and a

new coordinate vector (01, 0 2 , Pt ) n 4 1 is computed. This n'th

stage of the process is repeated until Ecj, 50 is satisfied or

a :^; E 2,  a 4, c2 ._C' 1. 0. When a is c 2 sufficient convergence has been

achieved and the process 
is 

terminated.

(2) If Eq. 50 is satisfied, the (n + 1) coordinate vector is adopted

and the n'th stop is, considered complete. If Eq. 50 is satisfied

during each of a number of steps this successful behavior is

rewarded by increasing a by a prescribed percentage.

(3) Since the scaling parameters are normalized, only their relative

size is of interest. To produce a change in relative size, one

may simply penalize undesirable behavior by decreasing a given

scale factor by a predetermined percentage. In practice, a

scaling parameter (sj ) is decreased each time the corresponding

component of the gradient vector (gj) changes sign. No provision

for increasing s j is required since decreasing s i , (i--rj), auto-

matically causes s j to become relatively more influential.

This process control philosophy is simply a trial and error problem-solving;

procedure. It does, however, provide a flexible and reliable method of

handling the inevitable scaling problems that were associated with steep

descent or standard gradient methods.

Kelley(14) notes that it is usually necessary to employ a normalization

procedure when the variables have different dimensio i,s. He also notes that

it would be desirable to find a transformation that would map a complicated

23
SD 69-3



'41' 1('1: I )IV1`%I0N -,i NOR III	 R0 CK1\`I;I.i. (,OItP(*A`1'10N

impulse function into a more symmetrical form; e. g. , concer ► .ric spheres,

i'he "adaptive descent" process tends to achieve both of these desirable

ob.ioctives, and yet, it is a siniple, reliable, method which is easily pro-

granimed for digital computer solution. The fact that only about one ac-.ond

of IBN1 160 time is required to determine a typical local minimum of the

impulse functions considered here is offered as further testimony to the

practicality of this procedure.

CONVERGENCE PROPERTIJ S

An impulse functi on associated with a pair of inclined elliptical

orbits, (p l = 5000 mi, P2 = 6000 mi, C1 = e2 = 0. 2, w l = - 90*, w2 = +300,

i = 5 0 ), was investigated with an IBM 360 FORTRAN H double precision

computer program incorporating the adaptive descent technique. a'his

particular function was previously studied in Ref. 1 by generating an

optimum impulse contour map (Fig. 3).

The descent paths associated with a number of starting points ha v^

plotted in Fig. 4. This impulse function has well defined minima and

therefore offers no significant optimization problems. The four minima

predicted by contouring are quickly established with required accuracy

(13 significant figures). Table 1 contains the parameters associated with

each minimum.

The first curve in Fig. 5 illustrates the convergence of the adaptive

descent program during an optimization involving one of the minima in

Fig. 4. For contrast, an impulse function having nearly flat-bottomed

24
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Table 1. Optimum Transfer Parameters

Initial Orbit p l = 5000. mi, e l = 0. 2,	 w l = -90. °0,	 i = 5.

Final Orbit	 p 2 = 6000. mi, e 2 = 0. 2,	 w 2 = +30. °0

Optimum	 01 Deg -	 0 2 ,	 Deg pt, mi Impulse, fps

1	 73.8152 187.5568 6644.8496 4902.651223852

2	 40.8343
	

298. 2634
	

6617.7904
	

5343.148693477

3	 177. 8114
	

73. 6465
	

4611. 8023
	

5393.781144757

4	 308.2034	 37.7403	 4592.8574	 5654.191209679

long narrow "valleys" was optimized by the adaptive program and by step-

wise steepest descent. This data is also plotted in Fig. 5. Although

convergence is not as rapid for this particular function, it is clear that the

adaptive method is superior to stepwise steepest descent.

Fig. 6 compares the two methods by plotting she search paths in the

0 1 , pt plane. The impulse level (I) corresponding to the number of steps

in the search _r}, is also noted. By the end of the first 100 steps the

adaptive program had found the bottom of the valley and had ascertained its

long narrow shape. During the next 100 steps the program made rapid

progress down the valley. Note that the impulse differences soon were in

the 7 1 th significant figure. It is also apparent that most of the movement

throw-shout the space is concerned with these last few significant figures.

The poor progress of a stepwise steepest descent process is plotted for

comparison. One may observe that the adaptive descent program tends to

move along the true path of steepest descent in spite of the fact that

iYSdividual steps are not taken in the local negative gradient direction.
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of a Function Having Long N,-:f row "Valleys"
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Further numerical results may be found in References 18, 19 and 20.

There, extensive studies using the adaptative descent program show that

two-impulse transfers between certain orbits require less velocity change

than a continuous thrust transfer known as the Lawden Spiral. Until

recently, the Lawden Spiral had been considered optimal.
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VI. CONCLUSION

Methods for systematically studying optimum two-impulse orbital

transfer between any pair of elliptical orbits have been developed and used

to investigate the properties of an "impulse function space". A contouring

technique was utilized to present large amounts of optimum impulse infor-

mation in a concise easily understood form. The results obtained from

function contouring have been verified through the use of steepest descent

optimization procedures. An "adaptive" numerical method for the computa-

tion of optimum two-irnpulse transfers between inclined non-coapsidal

elliptical orbits has been developed and incorporated into the overall optimi-

zation program. This program has proved to be a fast means of computing

optimum transfer conditions with the accuracy nee6ed for research and

engineering studies. Optimum impulse transfers obtained from the double

precision steep descent optimization always indicate a smaller impulse than

those obtained from contouring. In all instances the insight gained through

contouring methods proves to be an invaluable aid to subsequent precise

optimization and/or research into the nature of optimization problems.

The appendix of this report contains a computer listing of the required

IBM 360 FORTRAN H digital computer program. A program description and

a sarnple problem which demonstrates typical usage are also preEented.
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APPENDIX I

COMPUTER PROGRAM DESCRIPTION

INTRODUCTION

This appendix contains a discussion of the nature and structure of the

authors' two-impulse orbital transfer optimization program. The program

is the result of 10 years of work in the field of orbit mechanics. Its therefore

represents a distillation and compilation of numerous methods and techniques

which have proved their usefulness.

The authors have long been interested in developing a single program

that provided a maximum amount of useful information about a particular

optimization and yet allowed an unfamiliar user to input minimal parameters

concerning his problem. Many of the program's functions that would ordinar-

ily be specified by the analyst are performed automatically — thus providing

rather complete information in a single computer run. In the event additional

runs prove necessary the initial run will have provided sufficient information

for accurately choosing the parameters required for the supplementary runs.

In short, the program is highly problem-oriented and should prove very

useful to the systems analyst or engineer who is primarily interested in

answers rather than theory. Of course, the program will still prove very
useful for guiding theoretical work aimed at exploring the nature of orbital

transfer maneuvers.

PROGRAM STRUCTURE

The program has been written in the FORTRAN H programming lan-

guage for the IBM 360 Model 65 digital computer. Of course, many of the

subroutines were originally written in FORTRAN II and FORTRAN IV and

therefore reflect the restrictions inherent in those earlier languages.

The program is basically concerned with three kinds of operations:

(1) inputting the data and parameters and performing preliminary
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trantiforniatiuns, (v) performing surveys of impulse functions and generating

c 'holm maps, and ( i) the precise optimization of particular transfer rnac:eu-

vr rs by steep descent. This program structure is prominently refle ,,, ted in

the niodular tree structure diagram appearing as Figure; 7. The numerous

subroutines required by the program are noted in the diagram together with

thoir line , of c onlniunication. The functions of the subroutines are best

discussed with reference to Table 2, which provides a brief description of

the duties of each individual module. The main program calls five high level

subroutines directly; i.e., DATSET, INPUT, DEX, SURVEY, and STEEP.

The DATSET subroutine simply provides reasonable values for all input data

parameters which would otherwise be read through the use of subroutine

INPUT. The INPUT subroutine functions in such a manner that it is neces-

sary to enter only those data parameters which are being modified for a

particular ru.1. That is, a data field may be left blank and the program will

not change the previously existing value of the parameter which is in storage.

The data cards are each numbered in columns 79 and 80. The number

appearing in these columns identifies the data card and thereby tells the

program what it should expect to be on that particular card. For instance,

card 01 contains the elements of the initial orbit. Because of this procedure,

the data cards may be read into the program in any order desired. The

program will then read and translate each card individually. A non-zero

entry in column 78 instructs the program to terminate the card-reading

operation and return to the calling program. The above procedures allow

one to process an additional case by changing only one data parameter on one,

card and by simply adding that data card at the end of the data deck. This

process is illustrated further in the sample data sheets of Figure 8. Once

the data is entered the DEX subroutine performs transformations which

return the orbital elements to the form of Equations 1 through 8, corres-

ponding to Figure 1. That is, the fundamental plane is the plane of the final

orbit and the reference direction is the line of intersection of the initial and

final orbit planes.

36

SD 69-3



—TRICON —PLOT3

SD 69-3

SPACP DIVISION oi r NORTH AMERICAN ROCKWELL CORPORATION

DA'TSET

INPUT

DEX^DBLCRS

DBLDmT

DBLUNT

MAIN

DBLVEC

DBLDOT
IMP2 —

-DBLUNT

DBLCRS
URVEY

CONGRD
CONTUR^CONSET

TRISEL

DBLVEC
PBLDOT

TMP2
DBLUNT

DBLCRS

STEEP -_^-DBLUNT

DBLCRS

DB LDOT

ELIPSE	 UNIT —DOT

Figure 7. Modular Tree Structure of Two-Impulse Orbital
Transfer Optimization Program

37



SI)M IT DWISION , it NO1' I I I AN. 1 '.1Z CAN 1t0(;K^^ E1.1, ('0100RATIDN

Table 2. Functions of Program Modules

Module Name	 Module Function

MAIN	 Executive program for the optimizing package. Per-

forms common assignments and handles the logical

operations associated with solving a particular optimi-

zation problem..

DATSET	 Provides a standard set of data that will suffice for

most problems.

INPUT	 Reads and prints initial orbit geometry and other data

parameters to be used in impulse computations.

Reads only those parameters that are specified on

data cards.

DEX	 Computes orbit geometry information to be used in

impulse computations. Performs coordinate

transformations.

SURVEY	 Generates an array of the impulse and pt values which

are to be contoured. Calls the contouring package

and generates a p-optimized -map of the impulse

function. It then scans the array of impulse points

and identifies possible local minima for further

investigation.

STEEP	 Executive subroutine for conducting an adaptive steep

descent search for a local optimum.

ELIPSE	 Projects initial and transfer orbits on final orbit plane.

Plots all three orbits, node line, impulse vectors,

perigee lines and radius vectors to the transfer

points. Labels the resulting figure.
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Table 2. Functions of Program Modules (Continued)

Module Name	 Module Function

IMP2	 Performs optional p-optimization. Computes impulse

and its gradient as a function of 01, 02, pt.

CONTUR	 Executive subroutine for the contouring package (see

Reference 7 for further details).

CONGRD	 Generates grid (if desired) and scaling information for

subsequent plotting of contour map. Plots contour

identification table, parameter table, and titles.

CONSET	 Computes and/or sets appropriate contour intervals.

TRISEL	 Selects triangle to be contoured.

TRICON	 Performs actual contouring operation including inter-

polation to compute the end points of the line segments

which are t-.-.en plotted by PLOT3.

PLOT3	 Plots individual line segment: which form contour

lines. Labels contour lines.

DBLDOT	 Double precision function that computes the dot-product

of two vectors.

DBLCRS	 Double precision subroutine that takes the cross-

product of two vectors.

DBLUNT	 Double precision function that unitizes a vector,

DBI.XEC	 Double precision s'.'broutirte that sets up a vector by

stipulation of it;7 t3ait.rty,k?G:nt:$.

DOT	 Single preclsioa -, F, $ r t tit , that computes the dot-product

of two vectors.

UNIT	 Single precision function that unitizes a. vector.
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If the program has been instructed to produce a contour map of the

p^-optimized impulse function for the entire function space, the main program

will transfer control to subroutine SURVEY, Within SURVEY numerous two-

impulse transfers are computed so as to produce a grid of data points for

subsequent contouring. Each point is produced by entering the IMP2 sub-

routine and finding a two-impulse 'CranSfer for the given take-off and arrival

points such that impulse is minimized with respect to p t . Once the grid of

points is available the contouring package (Reference 7) is instructed to

produce a contour map similar to that of Figure 3. Since the entire space is
usually searched during this initial optimization, and since one usually

desires to know if local minima exist within the survey space; the program

next examines each point to determine if it exhibits less impulse than its

immediate neighbors. Since such points usually correspond to local "rir+":."'a

they are tabulated and ranked for further computations.

At this point in the computations the user has the option of instructing

the program to perform a detailed examination of each suspected minima.

If desired the "n" suspected minima with least impulse will be examined by

first producing a small scale contour map of the region immediately surround-

ing the suspected minimum and then performing a steep descent optimization

using the suspected minimum as an initial iterate. If no contour maps are

desired the user still has the option of cono.ucting a steep descent search

beginning at each suspected minimum. The program also draws a picture

of the initial, final, and transfer orbits associated with each minimum found

by steep descent. Parameter tables giving the user many necessary input

and optimized results are included in the final output summary for each

optimization.

From the above description it should be clear that the program is

extremely versatile. The above quick description will be supplemented in

Appendix II by examining the results of running a typical sample problem.

The reader should note that considerable attention has been given to providing

output which is adequate and meaningful but not superfluous. The experienced
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programmer, when he gets into the details of the program, will discover that

he has considerably more options than those presented in the brief description

and sample problem given here.

DATA STRUCTURE

Figure 8 contains a description of the data input formats, and Table 3

lists the input formats associated. with each type of data card. Note that the

data cards are classified according to the number appearing in columns 79

and 80 except for the first two cards which are read independently and only

once at the 'beginning of each computer run. The first card is merely for

case description and allows the programmer to insert his own alphanumeric

identification. The second card is interesting in that it allows the user to

specify the central body and the unit system he wishes. For instancc; ; he

may write EARTH, MOON, SUN, VENUS, MARS, or JUPITER in the firet

field and the program will utilize the appropriate gravitational constant for

those bodies. Similarly, BRITISH, METERS, KILOMETERS, or BODY

may be written in the second field and the program will use the corresponding

unit system. In the case of the BODY specification, the program will expect

the user to supply an appropriate constant for g-times-mass of the attracting

center. These first two cards are unique in that they are read only once at

the beginning of the computer run and may not be reread. All other cards

may be repeated as often as desired to produce additional cases.

At this point in the computations the program enters subroutine INPUT

and reads the orbital elements, constants and control parameters from the

remaining cards. As noted earlier, each card and its format are identified

by the number appearing in columns 79 and 80. The program continues

reading until it encounters a non- zero entry in column 78. Figure 8 also

includes a description of each data parameter beside the 'ield where it appears

on the data card. These descriptions s1:,=.,ld suffice, but a few additional

words of clarification are offered in Appendix II. Of course, one who requires

complete knowledge of the functions of the input parameters may resort to

examining the program's listings in Appendix III.
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Table 3. FORTRAN Data Input Formate

Card
Identification	 Format

TITLE (18A4)

BODYUNIT (6A4o D12.0)

01 (6D12. 0)

02 (61)12. 0)

03 (6D 12. 0)

04 !61)12. 0)

05 (2D 12. 0,	 2I12,	 2D12.0)

06 (4D12.0,	 2112)

20 (3I l 2,	 2E 12. 0),	 112)

21 (6E12. 0)

22 (6E12.0)

23 (6E12. 0)

24 (6E 12. 0)

25 (6E12. 0)
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APPENDIX II

EXAMPLE OF THE USE OF THE

ORBITAL TRANSFER OPTIMIZATION PROGRAM
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APPENDIX II

SAMPLE OPTIMIZATION PROBLEM

Much of tho foregoing discussion is difficult to understand without

realistic example. For this reason this appendix presents a rather compre-

hensive sample problem.

Figure 9 contains the images of several clata cards which were used to

produce `he computer output appearing as Figures 9 through 27. `The orbits

utilized for this example are inclined, elliptical, and non-coapsidal. Since

the British unit system was used the output parameters will appear in miles

and ft/sec. Figure 9 represents the first and second pages of printed output

and it contains the image of the data cards in the order in which they were

used. Note that not all of the data cards defined in Appendix I, Figure d,

are included and that this means that many of the deleted input data param-

eters were supplied by subroutine DATSET. Figure 10 contains a printout

of the data array common block showing the status of each data parameter

,lust prior to execution of the case. As noted earlier subroutine DEX trans-

forms the elements to a standard oriemation. These transformed elements

appear next in the printed output (Figure 11).

The program then generates the contour map of the entire function space

which appears in Figure 12. In this case, four possible minima were identi-

fied and noted by printing; the numbers 1, 2, 3, and 4 (in groups of five) on

the contour map and by the printed output appearing in Figure 11. Since the

data parameters indicated that further investigation of the suspected minima

was desired, the program generated four detailed contour maps (Figures 13-

16).	 The program then automatically conducted a steep descent search for

a local minimum within each suspected optimum region. The results of the

searches are tabulated in Figures 17-20.
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The printout for the steep-descent optimization is rather straight-

forward. It includes the three independent variables (0 1 , 0 2 , pt), their

partial derivatives and the impulse required. The "GAINS" are the current

values of the s i , "AMP" is the final value c f a, and ''IFAIL" is the number

of times Equation 50 is not satisfied. The last two columns of each iteration

printout contain the iteration number and the current value of IFAIL.

Figures 21-24 give the initial, final, and transfer orbits associated

with each local minimum. The descent path followed by the program is noted

by a sequence of characters plotted near the center of each contour map. The

final search point has	 been darkened for additional emphasis. Note that

in this case the search initiation point was quite near the search termination

point. The four transfer orbits corresponding to the four locally minimum

transfers between the initial and final orbits are quite interesting to examine.

Note that two of these transfers are internal--that is, the y tend to be inside

both the initial and final orbits—and that two of the orbits are external. Note

also that the transfer angle for two of the cases is greater than 180°.

Data card 22	 w,,s used to produce the additional map which resulted

in the output seen in Figures ^!5-27. In this case an additional detailed

contour map was requested and its scale was changed. Note that the program

finds only one local minimum in this second map.

At this point the analyst could have included any number of additional

data cards and the program would have generated the specified additional

cases. For instance, entirely new orbital elements could have been intro-

duced by including new cards 01 and 02. This procedure , is illustrated in

Figure 8 .
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SPACE DIVISTO (w NOR T11 AMERICAN RO C:KNVEA 1, CORPORATION

I
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Figure 21.
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E

SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION
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Figure 22.
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SPAcK MVV° ION ,1 1 NO WI If AMERICAN	 (:ORPORATION

$As FINAL	 TRANSFER CONDITIONS 44• CCNTtR	 Is	 EARTH ,	 UNIT	 1TITto ... MILts,	 FTiatC
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Figure 23.
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SPACE DIVISION cal► NORTH AMERICAN ROCKWELL CORPORATION

•$• FINAL TeAN9►tl CONe1TION0 eee
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Figure 24.

65
SD 69 - 3



R te	 •	 to	 40	 •o	 40	 log	 site	 140	 140
DEPARTURE Phi t

IMPULSE FUNCTION CONTOUR MAP

A
R
R
i
Y

A

L

P
p

1

!'A(. ; DIVISION	 N01011 .1^fJ:1tltIAN ROCKWE'Ll, CORPORATION

1	 5100.000000
1	 4000.000000
7	 4500.000000
4	 ►000.000000
1	 ► 1001000000
4	 0000.000000
► 	 41000000000
4	 6000.000000
9	 •100.000000
A	 10000.000000
•	 10100.000000
C	 11000.000000
0	 11100.000000
E	 180006000000
P	 11100.000000
4	 14000.000000
p	 11100.000000
1	 14000.000000

14100.000000
9	 11000.000000
L	 11100.000000
M	 14000.000000
4	 14100.000000
0	 1 ► UDO.000OeG
P	 1 ► 100.000000
•	 14000.000000
R	 14100.000000
4	 14000.000000
T	 19100.000000
U	 10000.000000

Figure 25.
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SPACE DIVISION t ► rt NORTH AMERICAN ROCKWELL CORPORATION
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Figure 27.
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COMPUTER PROGRAM LISTINGS



SPACE DIVISION or NOr. fM AMERIC:AN ROCKWELL CORPORATION

oaoaooa000aocaoaea000000000eoau00000000
.•N^++,^In+o^+-Sao► o«..n,^++,^^n+o1^^cO^o^^v^++.t^n^or► aao^o•+N^+^trn^or-
C?^?Q0ccCos wo r.r.r.as"ow.r..r.rNNNNNNNNNNMR1R1R ► R1f''1m m^cL^coa000eC^ccsooeQec^000ec^c^coc: 000e00000zzzzzTZzxzzzzzzzzzzzzzzzz4zzzzzzzzzzz
r ^. No ow r .r w r •-...r ON z ON b" 6...... ^.r r •-1 r r r r 000... ..r M.4 r r 1r r r r r 0•. r r
,etQ•[ 4 4	 44ON 44•Cei+^o •o .raaQS .^t.^'cQQQ.taaQ+tQ•QaQQS trt
TZTYXzzsrz77 zxs: zsZZZVXZZI TZZzzzzrzZZ

I 4A 	 x	 .^

2 Z	 1	 Z	 >	 Ne	 Z ++ t+^ N	 tr+

u n	 I	 C	 •	 ► 	 o'	 •	 •• •
u.	 1	 C	 •-•	 ..	 . . . <	 ..	 ...	 \

O .•.	 a	 rr t~ x	 • •
7 4	 I	 W	 ..	 .+	 v0	 (A .... •	 .-^ r

C V	 1	 M-	 ti	 N	 t-	 w -. ![ LL <	 ► .,r C
U.W G	 1	

..h-	 r i...LL s r C.... •	 M ► N
LL ut	 1	 . r^, v+	 Q > V W ex ? 4	 r*+ AC
a s I	 a r 	 a	 Qua C1c -^- 	 ^ Q

(A	 1	 ..+ Q ..,	 .	 W x .+ ..	 . r~ O

	

•^A C M	 ••^	 • • r . . . • LL' N	 fr`	 2Z	 IW C	 0 ^" •-	 C dM	 !t 3 ^-- > C	 ► W
1

Ley .r	 I	 G	 •	 40	 i ► fy ► Q	 "1	 . N^ >

Q LL. J 1 O'	 re, • o •	 ,O	 N •,-	 tY d d	 • ► ► N Nr1	 a,, '.R N M V►

V e I	 >- tr	 ••	 v Y x 0 er C w 3 r~ O pw	 > ar ®C .r V
AC 1 >.	 .	 C, 0- X	 x *^ w u • .- • C	 Z L N C

?mac I a	 Y r	 C, X•	 ANN — es	 C► C ► 7

ti u I ^"	 h	 Y t— 3 G	 w « .. •	 •a M CY
♦..» «.. c- I z	 t/1 « ► 	 Q Fr .-^	 rC1	 W N • .-+ N	 N	 ► e!

Ca	 N I I	 r+ 7	 cr W ,	 r• -4 n+ w	 ^" V.. • pw C
w lU '-"	 >	 •l r r ... •- V) . 3c	 C u. V	 • x C7 IV' -+ «	 • V n	 ^

_	 ( Z .^	 L3 V!	 +c r^ c'v C	 ii	 !C	 x a Sl,	 CL	 s' at	 C'
4 I- ►.. ( t'r N	 U' t/+

	

LL • 	 Y K C' 0 +•+ LL C	 Li r	 LL •	 7 LL (A	 )w G	 t'r' .,.r
2	 ►- I	 I	 ►-	 ^,- •• K` IA X Ks C. 0 • L: •	 W ..4	 Q d W	 el C	 ►-
1•- r /! C. 1 ?i C	 r, w ►-+ M	 .et t-- [t !4 >	 at	 1-- « 14.	 « a . • ^[

W r	 >	 v ? N • C L:	 N • • H WM G C3 K' tw' W
C1	 I w «	 D+c	 C V` • •	 ► C'+ a	 •-+ Ci	 Z ""^	 ►"' Cr N C Q	 t--
C r` Cx I i	 •V •Q V	 ULL'u%w.J	 LL	 X W • K d . w W
LL 7 e' 1 1 Z	 •-+ v+ ^- a	 C ft) 	 N • w	 V: ar	 a Lo	 w «	 te, CL	 ►.., . C t^	 I

Q J (	 I	 n

	

or t: • Ln « (q, • w .• Z	 W w N ► •	 s w N r LL.	 F
3, = I C et N« •- X ....o N r .0 N O • r Z C G o. a LU ►'V d ► Q,	 ► • •-•

C	 L 1 ►"' `y	 Cl a --'	 rr •• "w •-	 « r,+ .ct 7 G	 n J	 .0	 N V, W ^	 ][ N Lf a
d O «- 1 V+ Cr W a LL 	 G	 \ 2 L. 7\ Cr x$.	 > m
L^. 2 H- I CY If	 C. J 	 X Q ,G •••	 L1.	 Q e; w	 ► -+	 \ ► • Q h- M- Q %0 • •
c: Q	 I W J	 •tr' f- fe Q Q S Ck fr° L.' aC 4^? `"► C ^-	 C 	 W .r F- Z V+ Z N Lf` \

a ^` to I	 w	 v+ • f-	 =	 P-i 7 \ t. ►-	 C	 (-; at x 2 be C, et \ • ^-
F	 I • o,	 a C	 •	 C x	 Cl. Q z	 •- -- G H ►► H w L; o-	 V)

Lt Z ^' I g'	 et u t, ? Z •- x Z i Z a.. w t+,i C' 1....,	 to C C ' 0 .- N C	 wet Y	 U.
> W	 I ►,-F-- C Cc r CC G 0 %%. . \ L.°t,:%wer\\Lt, J oton	/i •1-
r- s t' I C •-,	 w- b^... b- 0- " r,.. ?	 C,	 :C L LL •-	 •• x •• C Z	 4 tti +-
1-- s^ 7 1	 Lr` ar .t ,s N V' x toll v v 4 ? Z 7	 7 •- — .j Z 7 ►- • n J C; U. T	 r•-

t r-	 77 V Z s ?7 C: C C	 C` C. - < C C C >— ► i `	 •
L- "` > 1 LL , j -j LL W • LL' LL U l U— — 7 27 C 7 1 L; U 4d 2 1 C J P^1 • ^ ^-' Q N 49
;Lv — 1 a e at eK es7 s -- s 1 7 4 C^ 2 2 Cl I et N Va 3 7 •X w- GWt— b—

wV.0 1 = g LL, u.,LL,.--^- ..,....	 c c c w c	 CC low • n a U LL, Q •Q
u e: V I F- •- Cr R Cr C C' C C C C	 L.` V L. '- L; •« •• • L t.: x -- n C O N C

C Cl' V C	 .-i t". tr %+. 	 #

u

a
td
la
bA
0
14
a

00
N

N

. r.j

L L t--' i. ' L 1	 u	 ^

70
SD 69-3



b
as
a
a
0
U
bD

N

ate+
Gcd
dl^

`%4

C10
N

s^

W

SPACE DIVISION car NORTH AMERICAN ROCKWELL CORPORATION

cc0ccco00ooco00000o00o00o00o00o®0Coco
A

^ Nt Itt	 4 444Ir U U010̂ L^n^	 ^0inn 0000040^ ^ar Pr- p- ococo coo coo coo cooc^000ccC Coco co000oocczzzzzzzzzzzzzzzzzzzzzza__zazzazzzzzzzzz
r r 010 ty No ad r1 ow Ir" No r.d $a* No bw ON w+! webw " r rr hr " " $No •m " bow I" Ow a" " No ow Mn
44 4<« <44 4 0444 ^tQ4 Q<4rti444 4 44 4C
z=^ zzrzsz g ss zzzzaFZ^z'gaFar.rzs^eFZr.zza ==..

u +► • c^
«r ..+ z AA

O oc # a. r
..r z s
+ W
o a # o a oc ca	 •• Co C	 W # N • J ►- It	 N

O .r C s.)	 1-- 1F r N C •	 AA W M-	 r-

.• c 0	 # a It # u 1 Q 0	 2
• N D on # N Ir I.- Q	 > Q F	 O

N • ► W u 9 # = 4 ex	 O
® !n O Z W # • Q	 p >--	 2:
r-..-^ p. N # ^- w C u	 ao l' - N	 W
P.- Co = # 4 o z •-W ••	 l' -
N . ,o N cr+ # Z .. .	 er >

c •• # W LV M- %C	 G c 0	 }
• G ti H# • # J > a t*► ex M	 N

OW, N w # 1- 4 1	 •	 • 0 et
cz	 11 0" 0104 Oft Q

` ~ ~ N NO N (p	 N 3 W W C• t C3
C t7^ 0 0	 If # W rn N	 N v, V, ca
cr-a 0	 n * — s x z	 .^ z
tN J • 1-- # H w Z F	 M- F 0 F «^1--

Q J J LL F- M-	 W
GQ WQ Q^tO0.4C ^ r'`C ^ L) u•- 4A7 or X

C	 •W) 01.-	 • Z II p: 3Wg W	 WW
•fM1	 • Nujb- # er4 •N za J" ..la lo"

•C %CO P` Na 1- r-•- ux0 LL:

O C ca + •-+ cc W # . p s[ G W C	 a et	 l'-
QM ITG 9-4 0 (A # - W W a	 =F- G.

•1'nc % wcr 0-+ "Lu0 L LLI 4A0>
GN a	 •LLC'^ # • LWI.I. a©J-'S ^ CC V`
Q t 4 C C # • M # ^t W Q CC 0-- C 0- 4 1- 9L 1- = GL1
O ^L' # Z 11 # wti' F W U W a J

O	 + er # r- F- C^'Z —C II I w V`O	 a
A .0 wG^Q 11 CL # C ti-'ra > cc Lm ► QCF- C
•Of-OC n C'# Q h-	 welt QW F J	 '.a'' •r-LL
CctrG cr= — x# ..	 Cr. -1 1,- x4Z N LLj	 Q
&V 	 + ao • 4 O	 • ► # tN •-	 w 4 W C Z W u Z 4 cc C to
NO %t GO	 2zN4 # if` W	 •oruW C V W a 4 11 JC
w .r Q O` N — C II f- # W'1 r'+ LL	 r

a U
. ►-+ Q	 W Z

N	 C •-4 # ..̂ a 7 m	 F- NZ CF- F Wt.^NF->C:
^•.t •NO<x7 C# IVY b--C	 QWCP-e W a U.) 10-Q	 u
or %C 0^ O C` C	 Q G	 ••	 4 . r C	 N • 7	 t̂o N9 11	 w w	 .1.. W# •	 • I	 i' > 	 04 2F-G ZY^' CVO=
Z C O (^	 Z W U # Q • LL, Y. LL I l' - C C' tr V? Q t!f g Z	 ►- 41 Z
Q	 eC L	 • Z# ^1' m^-+ •uH2.a	 V% S r-
l^ ^. 1+ •	 r 4 = -+ LLJ * V) .-i p	 I	 11 m P-+ O of Q w w C 1-- p'	 oc ... V) 1.- Q G W x

v .C a W	 1- 11 J# 1-	 • 11	 JcC %C 	 a. WF- w cc >-	 L) VW V.
C^ 3	 or ... Q # 7 011	 11	 11	 1.- C 11 u L) 	 v H 4 ex ►- F- G	 Z "- C Cr e;	 ...

.cc 1-- N `f' +a N . W r.. # F..	 1 1	a	 W l'- ►- J ..: J F- V.	 a a 1XI •-	 I- Z Q Ur LL,
O Q C) F- " r-	 a C # c/1	 C v 1- 7 V' J J W LLi r- W C C 2

C p l* 4	 ••	 CC# Z	 aa WCaca u.1--2Fc S V) U-
C ec C.	 Li. of # C' a. eY I. i 1L L L.^ u 3t U F- 1- rr	 ►- 3	 1-

c

ut.:L'L` U L U	 L: L' L t- uLQ L W u

71

SD 69 -3



SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

00000000000coc000c000000000000000raoe
an+c l► ao o+cOWN M.t	 ® o•-^ N p1 •r ^ +or► mQ
P- ti^ r- I- w m ac w w w w c ww(pa 0`01 0' 0% vv O" OOOOOOO Q OO
ccacc cc cc00000CO0ccacccc0- 4 -o wwwwPl + •wmwpw god p"zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
r zoo r-..ana. rrar ^..^ar ►. ^.. ►....ar Zft" ."ar^.••..""6" a• a " OW ; "a. rwr a.
C 4 Q Q Q Q Q C e! +Q Q Q Q Q d Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q^ t Q
^a^z^ r g ^ ^-a^sas^aaa^^ ^a^:gaasa=aa^a=aa

..r
u

s

	

a	 ^-	 fe:

	

x	 x

	

c^	 w	 •

	

n	 •
	w 	 ee	 V,

	

w	 •-

	

^c	 F-

	

C.	 c1	 z	 >

	

O	 U-	 C

	

o	 c	 u	 c

	

...	 ^-	 c• w
...

	

>	 >	 t`	 n.t

	

Z	 L;	 ._'

	

Q	 C	 %t r

	

u	 ct•	 a	 ^

.••	 U. 	 Q
•	 .- n tY .t	 • If

c	 c	 c c	 u.
^ .^	

11 I1 11 I 1 =	 r--	 ^	 ^Z	 ^	 ^ Si Y

(--	 w w i.+ r.	 w	 ^	 ^ C >	 Lr	 * c	 Q

zv	 U	 ^r	 C C ?	 11	 Z^
.
s

/ 	Z

LL .. w	 ►  F- F	 (	 u	 ^..

--	 C	 F-	 N- I—	 Z	 cr	 G: t	 Y

r_ G+ C c	 • C	 •	 7	 U.	 •	 u. -- x	 7

	

r t, G LL L u Z	 C	 C	 G _	 r "'	 4

	

am	 40	 > d0ft

1 . ... C	 V v 4.. l^	 c^ S-	 C C	 ^	 U. "'-	 c w 	- F-	 l^. F- U

	

. -- v v v for	 c u •ate s .c — •c •-^	 — 7 u — x •^ — ?_ c It a

C	 ►- ''

	

it	 (l <'	 Ll.	 if	 C

CL

	C C. •. 11 •- M ^- ^+ 11 C i t ^ ^-- ^	 11 ^- F- S	 F- J I I .•	 +.► 7 I I	 F- 3	 H Q J ^+

LL: L4 C	 LL U. l:. 	 U_ C LL X n U C' L C t7 Q ^.' 11. X LL C G^ C' 	 Z
Q G LL	 •.- ^-- r . ^.	 C .- .. L" ^. L^ "^ F Z 11, LL 3 L.-	 L r.. L? L Y	 U_	 .-. ? U U

^F	 #

cr"	 o	 a r

b
a^

s~
0
u

s~

cda~
W
O
1-ia

Ob
N

H

bA

W

L- 	 `.

72

SD 69-3



SPACE DIVISION oe NORTH AMERICAN ROCKWELL CORPORATION

00000c000000000a00c
r f V R1 t M1 ^0 1^ 1p 0' Q ^+ N R1 t M ^0 1'^ ^ c
..+..^r.r.rr r•d•.• NNNNNNNN!'

out 	 oVol od•"^d .d rrrr r r .d •" ^-(•.r•
zzzzzzzzzzzzzzzzzz:
r am; a.r r r ••+ •.• .d Ur ar •.. .d r .r M^1 Mr •.r •
4 <<QQQ 444[<44<44 Q •a azszazzsza7FazzaaI.

Q	 •^
an	 ^

	

N	 •+	 0

	

OC	 W	 ^'^

	

LL:	 •

	

Q	 ^	 S
Q	 rw

	

,...	 \
Ix

p
UpLl

	

N	 a

	

s	 c

	

N	 Q N h-

	

tL	 •w	 = •

	

G	 • N W

	

•	 W •

••	 v^	 a ►-
cr	 •	 ►-

dc	 3	 Lla	 •-+ IN.
6- O.

2	 1+..	 J	 ♦
•	 .	 W • O

^--	 a	 C 3 I— C

	

F- x M tx	 C W •
V)	 I:	 U-	 \ \

	

. •r ♦ 	 X	 v	 . .'d
.— ^+ 0%

LL LL	 •	 C	 • N

^- f- — --^ o	 oc.	 c a o

C c • a a	 ^► 	 +^ C+ c
^C C'	 G^ C^ n.: C	 F^ ^	 C C'

.r	 %r	 u >e ..a	 •c •- z	 11 x	 N,
1 r- •-^ ft. r- r	 3 3 — io-	 H	 3 7

Z at a eY C	 N C C %c a C LL,
-39U3LL.L: X3 33LL10- 3u..aK33

c	 c	 c	 c
C,	 r'
P-

^000000000^AOOOe00000
^In1^^^rn^^Pnt^^+•r.t•r•t^•t^tt•t^
r r r r r r •.d pd ♦•1 r Wd r r" r r 14	 am r► zzzzzzazzzzzzzzzzzzz
No

2 4 4 4«< •Q 4<< Q Q< Q 4 4 •[ t 4 4rzzzaazzzaaxzazzzasza

Oft dFft

i
ii
1i
i	 o
i	 cr -.
i	 a
^	 u .

i	 .c
= a
au
4

^	 a •
I	 N
I	 V

I	 • G
I	 4

I	 G.
I	 4

r	 OC V'	 ••

Q LL' Y

ac z
^ c

. a
-^

♦ OEM
`'.,

a u Z C N > c
c ... u ...... c

4 I^ L.-'	 • ^- I^ A

(4f'  Q C ^" ` r Iwo ►

C 4 ►- t..` c Z r-

Lr G. ♦ o v Ta x ^^
• C u— c c x> 6-w

.w ^/i^I +
rF ^^ • >

II Cr F- 4 C) C 0 ...i ..o X ..^

c c a v^ ^- r\I ^.	 ♦ • Z Z • a^	 •

n it II	 LL' ... (O -t •-+ > 4 •- m

•.+ ^r `". ^,[^ "'. f r l on 1d— C Q
CL ^--	 a •-	 •- - c c c	 ..^ u
o W.-	 Z cr n ..	 II 11	 II t^	 u p	 ,.
C, m^K I f L,	 LLa c c

C > v 3` .-
e C mau.mcfxcdes CLLZZxC Xe^
cc•- z-7LL mu.0 o^- zz^c•-u^-

rr .- c [-

^ c
n c.

as

O

U
^m
1"1

a

14
m
O
1~a

cc
N

O
H

m

SD 69-3
73



v,
Y
7
w.r
.. so%
N
2

s' .4
x

y
x

a

Oft

N
.r
U.

II

w

1-i
O
u

tz

;L

a

DO
O

P4

cv

bA

W

X . c 4a
a } . ON

.• x 0. n'
C N S^ -^

.I c ti •- c a
c* •	 — t-- w

> n ... w
w e ►-	 -- c ._	 . ^.
Ne C e^ a	 •	 ►-^ c^ N
a •.+ z ••
•-• > > • > >

-L C C Y Y II ...YY Q
^- x cx a' — a: CL u

, a c b w b.
} ."' >

CL ^^ ^- >- ►- v	 z a Lon ^►
.. x k ... u x ,., ..
mmw C) ^. L; L N C ^- Y ^- LL, a Ile Y
X ^V: Q 1.7 0 1- C

C c z L^ # C' 	 a c v` ^- ....- E
.-• -- q • cl x	 a >>> a s

V- ► u., — O- 0- ...,	 c x x ^,L: clt
r.. .....- .r 40, > -- • a a a — — u.

I- x L > ^ -- — '"r c ^ . v cr V,
V' I	 G^ c • V' L^ a 4' C ^^ >„ ^.. n^ a 1 ? ^ n N LL.

•+	 11 F- •- h- 0 V` Ca 2 .^+ ^r '- X } CA. U	 .- 4 W r..
C' c V V' it 11 1-- •.... C =
C It Lr 11 i--	 11	 If

	
If Lr i Z

t- u k X •-• ^- ^.	 — a ....	 rr J a.^ 6-4 z 2
Cv a C LL ti.LL (" rr Vie~. <	 4 C:w^- ..^,Qa a. L:GLL
C b-. a^ c ... M.- ... v` v- V ^.;	 3 LL •- a e c ^. 3 3 L' L; «-

c c, c c c

c c -, c
p r" , K

SPACE DIVISION of NORTH AMERICAN ROCKWELL CORPORATION

oac00000000000000000000c0000000000a
O •-1 N m 4 0 4 r w D` O aw N m 4 to %0 r- w o► c oo N 4 0 •o ti w 04 O •+ N rn ^
u, tar tarMul 0 u'1 trIr 0 NoN000z444%c%c 1- 11- ti P titi ti ti ti 1` 0 www m
..i .•i ..i ^I .d ..r . ..4 i .d .r .d ..i .r .. ..i r ow ..r ..r .-4 ... .r •.r wr .r . ..V-4 r w+ ..r .r	 .r ...•1 wo . i .r pizzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
•., r i- 4 :; z "" D.+ r 6-0 z 6-4 ft"z 1..• ..r i.d " r z l w r r.r r r it r r r" 6.. r r r ^.+ r
Q CQ.efQCQdQd^QQ^efQQQQQQ•YdQKSdQQ4dQdQQ<Q
1^ F^ Z? ZZ^'Z T ^" FZF. Z ZFfZ g ZF^ ZF^ ZZ^:FZZSY=

4

u
11.:
X

w-+ LLJ
LL.	 C

ca w
c .^ r- V,

C r	 •.
aY OxL>cu.l-

o-w

0—

3 X N- ^► I- 1.
If W C	 '"

I
f	 n	 .^ ►- S	 .r i-

cr	 C
..#-w C	 C 
X 33U311.L t.^ W

c
fr,

SD 69- 3

74



	

X	 ^+	 I
N	 F-	 U*1 Z	 1

	

ul W 1C'	 4!' — n	 ►

d>V X et = a W 	I

	

s J Q 	 %c	 I

	

try tr	 u ao as cr ^• •	 a.	 I

	

o" ..^	 g'	 I

O ^0	 V'	 I
C •r	 I
d tti	 • t.;	 I
oc as a	 ►--^-^o o	 I

	

co^^J ac=ztnJ	 I

tr	 x 0-- f-	 a cr a ►-•	 x

	

Z	 ,.^	 u	 I

	

• • . . • LL.	 cr	 ^/'	 I

t.: -' 111	 ^•' Q' !1 tY^^	 cr	 LL'	 I

—C>-XQ
tv h K LL ... H	 •C

	

tr •	 I

► • •	 a

T 7 tY	 t►' t..%	 "'	 ^.	 t L

tX	 F- \	 U	 G ►-y 7 :F Lij T
•	 Q C t!1	 LL X Cr ]L 4 C «

J V' ► ^-	 X

< LL.	 -d • •	 •
LLi F- W C	 • • « . «	 V
C Q V' z	 .. .	 ^..	 •

Ct U. r..	 f^ ,..	 ^'

^-	 z u --+ com  	 •- c a
L% C J Z r.- w.. .J .+ Q r.- LL LA	 G Q C

CL	 C V V, X Cr Cr M	 X
^CLLC	 • .

J
J
Q •

W

C Q
LL u
^ W
LL' H
W

J J
of a
> c
LL' u
Jm^
et
s ?

C ^
V) or
Q
W C'
O: I--
t!` C
W LL^
r ^

4 ='
^. Q
= LL'
V. C"

lL
H Z

a-

C L
a tx

tY

LL
c
	

tr

b-
 

N

C

C
Dc
	

t`

t/'1

C:
•

c0
c-
Lr

M

LL
Q

Cr'	 4

a	 a
r ^
L: u

Cf'
C

cc I c n CCcoCCC
•	 •

t% i • .. + N f ` .-+

W V LL
Z Li' N

— ^_ U. o LL %C
ac LL 7 >%T
TI Qtr	 c, ¢i -.I

C 4 LL, X ur CL

Lr

C.
E
L-

.
tT

N

Q

cr.	 cc
C. Lr	 c C	 boo
• a	 •	 •

C	 • .- Lt` C G W

•^ c .^ c Lr ,r
X, Lr

V t.: tl C -.! J

(-) L 	1—L.' L L* L'

SPACE DIVISION ()r NORTH AMERICAN ROCKWELL CORPORATION

oc000000000000000000000000a000000000000

	

o Nr,vu^^1~ m 	 N 	 6N%o^ a0 00 •• ^^+•r^^r► ac ^o•-^N^s^.o^®
O Coco c oo ca	 -+ -y -• -+ NNNNN f NNNNt'n^'n^r► t^► 1rN^P^^'r1
O O C C D O O O C O O O C C O Q O O O O O C G G O O O O C C Q O 0 0 0 0 0 0 0
N t/1 N N t/1 N N to t/1 t/+ N t/; ^/'^ N t/1 N tJ'f t/1 Vf N N t,/f N N t/1 t/f N N N V: t/? t/1 ^/+ t,/1 t/1 N N N N

1^ M- F- M^ ^ t^ tom- 1^ (^ V' t-- t- t^ 1^ F- h- F^ h- ►^ t^ ^ ►^ F- 1^ M- M'- F- H H Mr M• M- 1^ b- tom- H M- M-

Q Q ^Q Q eZ Q d Q d Q Q Q Q d d Q C d d Q Q Q Q Q Q e^ d Q Q Q Q Q d e'!' d d Q 4 t
000c^c000000c.acocccccocccooG00000OOCCOOC^

	

j N	 1	 Z	 1

	

I Q,	 I	 .^ OG ^ .^	 ^	 I

	

1 W	 (	 z

	

1 0-	 1	 .0 f w.	 .•r C^	 %c -.4	 1

	

1 U.	 I	 J ►na	 J3 -i0^..^	 I

	

I z	 1	 J ..^ ^.	 m	 cr.' ca J aC	 I

	

1 .x	 I	 cC ..r	 .. C .-r	 1

ga

	

1 4	 1	 •	 *^	 I

	

..	 •	 d	 I

	

a	 i	 .O	 Q	 ! tip
s~

to

a
H
W

H
^r

a

0
H

?5

6 ^

SD  69 - 3



SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

ooaoc0000000000a0000000QOOOo?' O ^+ N tr1 •,! t!1 ^Q ^ ^
R► ♦ ^<<^ J+l^ <ti

O^ o .^ N f+1 .1T M ^ ti O ^► O ••^ N fM1 ^ If'1 ^dtM^ITlflt^ltflY'+1n1f1N^^^0 ^0 ^0^0^0
OOOOOOOOOOOOOCO0000000000000
of N N V' v! N N N N N N to 4. ', N to t/ Vf 4A N N Vf tM N Vf V! Vt M to
t^ 11- 1• Iw- 1- 11 - 10 - M► N In- 10- H 0- N H 0- 1^- M! 1^ /^	 M- 1^	 (^ 1^- M^ tn-
«Q et < < Q < ^[ «< Q e! < < < < Q «< < < e7 «<

1	 1

000®cocooe00000000c.0000c000e

1	 "Q	 I
I

I
cr
O I
Cl	 1
cc	 I

1	 ►r	 I ^

t	 N	 I p

U
I	 g	 1 .,.

bb

1	 G	 I
1	 I ^
1	 ^-	 1 aI	 3^	 1

H
I=I w

1	 I

uj

A•^	 i

^.	I,
I	 I ^
I	 ^	 i

C-
cnI	 y	 i tr -^ o

C.	 C'	 I	 I	 1 •	 •	 •

...+	 ..^	 .....a	 t".	 Lr	 1	 u	 I %t Lrl c	 . C	 ..^	 .-^	 611,	 o cv

1
p

11	 it	 II	 11	 II	 11	 ""	 I II	 II	 11	 II	 11	 II	 11	 II	 II	 II	 II	 11	 11 H

1	 I .- Oft 0-ft r.. p ^	 m..
...- ..	 I	 li.	 1 ..+.- ..^ .r	 N

W...+ n	 rr	 1	 a	 1 ..	 ..	 .	 ..
ftw 0.0

u	 U. u+	 ►—	 I	 LL , 	1 v' u ;	 r~	 ^...... ,......	 ..
..r ..^ .^	 w  	 1	 a.	 I a u- u	 >. s c,	 o	 rr C' o	 a' or	 wxc, ►- v;x... 	 < c cet<	 <
u ^.. ^ c dr	 1	 I s v, .:: s., L;	 n CL n c it a	 n

I	 •-+	 1
1	 1	 I C	 •-	 IN

•C	 I	 1^	 I n	 t,	 N	 ?
1	 I C:.

C	 I 3 	 i C	 C	 C
c	 I	 C	 I c	 a	 Cr	 10- C
<	 I	 CY	 I <	 <r	 c	 u.l
U,	 I	 Q	 I L?	 U	 u	 Cc W

L.

L'	 L: l.' L L'	 u	 L7

76

SD 69- 3



.•.

N
C
OC

e
u

w

Mme- II
IY '^
Q
(^ IA

C •

Q 11

C c w

7
c G C w

V
A /r (` Y

►^ V)

t'r C = eL'

G

r_
u

ti

C w I~ v c if	 f-► C •

• • 3r ..+ w It a- ►- • .
11 ••^ •• or r.	 .-+ II

zz^+	 ^Lr1-7

w.w	 Lr C	 0-	 1.-
LL we f;1Q LL:c LLGQ
«- ►-+ c c a LL — C C

SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

011Ac notnooco000000 9 000000 0®00®00® 0
990 coo c8sc000000000000000000a©•00000®o® ®000e^©

	

r- ►- ^-	 ►- t- 1— ►-	 ►- t— I— «- r- t— ►- I•- t- ^-	 ►-	 1- fw I- w I~. t~- *Dow Im^®dn.et` dln.ddn aaaaaaaac^.a,^^o,t3an,o.n aa.a^.Lt. ►zzzzzzzzzzzzzzzztzzzzzzzzzzzzzzzzza^

	

rr rrr r1•r rr Iw1.r.r rwr wr rr 0.0 I.rrr 	Mr r 00 rr and r amI.r r Mwr^•^

	

1^ N	 I	 ^	 1 O	 I

	

LLJ	 s	 s	 's

	

1 w1	 1	 ,^
jcr

uj

	

QuL	 o	 d=-i `"o

	

c	 Oil

	1 cc, I.-	 r	 I LY a	 I

	

I=
}	 I	 W	 I a. 0-	 1

^ wozc
z
Q G
Q

>- W
ac eY

U.

G LOP)

W Z •LO) c
►» C

1•- ►— a.

m ^-- u
IX C
c C Q

4
Q L) I^
0-d
F-- W 2►.cnC

=G
CL w

N rr
h- ► + LL
d .^
►- z u
Cr LLI
a a

c V:
G U.
Z {/ LLJ
C = G

C
v> LL
c cc f-

	

de	 ci
LLJ L 2

c a, c c
•-w	4%+	 Lln

^ LL U L'

77

SD 69 -3

.t

N
O
sY

Q
u
z

H
Z

Y

c

V
F-

a
Z
0-

LLJz

c^
ac

u
fm da

a

J •
m ..
C C \ C om

+ \ X ti
• Ca r+ J

•-^ 0h O aC
Ln c, T	 0. 0.4 m
N LL .. 4 x a
P wo •

•G .	 OC

low [Y X

c
r

LL mot'

J C LL X •
c c^ \ c r• z

... . I• - P- ^-•
w Q •• w	 . LLI

^^ \ fir► x N w
A Q CSI ^' .	 ^ ^ ^,

J Vr
CYO	 \ '^+ . . . J Q
G	 +E YCr ^.\\ .G

r.. 4 Q GY ..
C 7 -- c c LU
? %C Y	 a LL u

c^.c^Qa. LL:
Jr.. .^..^C Q C .J

Cr Q tI Z V^, LL. a- LL I.-

LL C ^- C «.. .ae e
awCuc c 

Q
u l^z
J W
J ^:
4

u
9G a[

z N N
►.• 6T Q

la
Lu C
z c Q
r W W

LL IY la
LLJ	 N

• • t3

LL I 	 u
^ 11 11
r	 G

M-
V'NV%^C

eSCC C

Y r_

Q W IL wa V; {h a

1	 1	 1	 1	 1	 1

1	 1	 1	 1	 1	 1
1

I	 I

1	 1
1	 tl	 tt	 II	 II	 I
t	 1
I F- F- ►- H- 1

i z z s z I

c.' L' L u L; L.) Lr

on

U)
a
H

a

v

0
H

M
v

M
^I



SPACE DIVISION' or NORTH AMERICAN ROCKWELL CORPORATION

O O O O C O O C O O O Q O O C C O^ O Q O O C Q G O A 0 0 0 0
%010- CC C" O Nf+' %r 0.0 P'. cc ao 0` O w+N r" .! u %c P- Cr O' O •^

t+` t'^MMMfh i t'1Ta^ %r4%t 4 411 wo o 6f' o w .% ij, o t 1f1w %DSO
COOOOOOCCOOGCCC'CC COOCOOOOC^CrOC OQ
^- 1- F. M•- 1•• F- ^ ^ F- h- 1- F• 1•- N H- F- r- H ^ Mw H 1•- ^- ^ to H N- 1.• F- ^ F^aaaaaaaaaO . aaaaaaa aao a& Me aaaa aaaZ:e z z z z z z z z z z z z ?_ z Z z Z Z Z z z z z z z z z Z Z
.r Yr " No ..r wo 0-1 M.+ ..d 6-W 6. r wo 6.0 ..- ...1 6" r •r ..r 0.0 wo ti 1.. pr No .." and N ..y M.1

....

r..

e1^

M

x	 x

u • II 1
^ ►-. f I	 I I

LL ►

^' w- z ►-+ Q 11	 II
CY

L.J

LL

^ C-^, c-
Lt Y

/
Q • R	 w .

~ %I er 0-4 ►- 6-1

>- C U-' C . LL .- L fr'

u C :F ..^ y Q M V' F-- < 	 X

a- -mw I- Y ^ ^-. •• 1- i- a ^" `^' F It	 F- .. F
it c: C. .. C' u c* .. r C 11 C'' 11 «-- u r U- s

^.. c, Cr eT a ... W e; .^ a c V	 a
U_ C C' c C M C C C: _ C C. L U. a C C C 1x U- u, 0 C LL C W
v^ C , C' ►-L, 3u_7 t'ZC2 L Zk. — 3 LA. LLC 3c. w 1 a 6L.. 3LL

V , Q c (-. ) c • c .. r- r". 1t	 c_c	•-
U, 1r .;^ r u c c a r r c C: —	 -

.^ r f. ,.4	.-+

O

U
o
q

r^

a
H
a

O

O

.
c
M

f^

y}^,^

rTbD

L
	 u

78

SD 69-3



SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

Nfr'+ ^f %0 p- 	 NFf% 4 M 4 ti 0 cr^0•'+N	 M0NQakc^+N
pO^^Q ^Cv0^D^0^P^f`-N-I^I^P^P►•1► 1'^AdDm^CtV®®® ®I^Q' Q► O'
0000c;ooc000cc000rocooc^cooc ► cooco
1,- ^ 1— 10- M- 10- 10- 10- 11- H- 1- t- 1-. 1— 0. 1^ o- 11- 1 .- 1- 1- 11-- M- 1— t*- lo- 10- ^ 1•- 10- Imaaao aaaaaa,aaaac aaaac^aaaaaaac.aaazzzzzzzzzzzzzzzzzzz^zzzzzzzzzzz
F.r •.r •r Yr 0--r OW I.r I.r •.- •-- •-- " M-r Mr 0-- NO •-d •r y Mr rr •o •-r Yr r r In. r r M- r•

0
U
wo
s~

H

a

+s

0

U,
N
0-4 r.,

r" .m
C,

c tl — u
^" r.. 2 ;t Lr

.t • C

N b-• ni CJ d0k .-^ H

a C c C, c► J • ^t' ^► F n G C L
LL Q ^t Q ^• f f :f

n .-r .. 0 -. w • .. ... ..
..•^ 2 • ? LI M N .. Ca ..... ► ..+ f1 fY N tr M, I-- d Q c*,; •

a 11	 7 C «	 S. da a-- v' C 4	 Lr'^ .- LLr C C, P-•' C c f w I.. C. -w IY C V w J U-
7 ;-• aC •, L< LL.	 r •

/
Ĉ LL et G C) • Its a .. -. Lr . Lr . V' . U- •

1. F- .- ? V -- z ^- ..^ -^
/
C
,

•-^ I c ..^
/
a -- or

/
C

v^
V ,4 v ..- r_

C 4 Q d7 H ^/ M^ \• ~ C
-̀.-i, — C V ` ^` 7 v/`

Lr C C- U. ii	 Ii C (",..c r ^ I ..c C ..a r .. - C ..^^ .^..
.-w V ^-+ Q	 1. F 1-	 ^' F- H C S `- C 1- ^ ` C. F G t•-

L.L ^. .- cr , C C de a — .eta a n• a eta Z %w
C =" c u, C eta C K t^C t: CLL C C G LL , (_ CLL'C^Cu CC LL C u-
c L G ►- L^ u 3: L, a u C^ a U. C a Ll.	 L^ Cr LL L, a LL L.3 •"•

c- Lr r •— 'v K ." Lr • .0 I— cc c c

L..:

79

0000c^000e0000c000000000000cooco

SD 69-3

M

W



SPACE DIVISION oir NORTH AMERICAN ROCKWELL CORPORATION

cot0000000c000c0ocoa0000
r'^ ^!' {f^ ^0 1` m O' O .r N ^+ ,r M	 r- 41 Q° Q .r N N1 ^ It'
P O0`O`C1' P O`GOOC©0^04^C^*'+^-+^+.r.^

aaaaaan.Qaaaaaaaaaaaaaaazzzzzz^zzzzz^zzzz^zzzzz
W W nr W Y. w M.o b.4 0.4 Yw Y.+ Yr M 3 b." ►y ►.r am •i Ow ►W /r 0.0

iw

r,

r.
n

^ c
r.. c.
u!

n
a. +

r — to n
Q L a S
C t. ► ^r

+ r. v

^' wt C

11 Q' ► ^ LY wt L ►- L
... p ^" wt ^' C^ 4
Ll

II .. C' .-+ Ci ... ...

c' C G ^ LL^ .^ 11 •^ ••• • C' [' eT

fk

V C' 4 « ... q* ... ...... ...

►— r s..,r• «^ Ntr. xV _ G C'
1.- 11 h, 11 a cry n + v C %-T u. G O. ^ c: ",

l l l^	 c ir' L. wq 4' -^ fr II II U ' G II ^^ "" f2
F- F-	 ?" n H S r, II n H I-
f i a C' C a. ^. C C li C C' L:. G C n C G a` a C. Ua s

01 •- C' r h K' C
C + ^^

f`. h ^ wy ^* wT' f^.

L.'

so
SD 69-3

v

s~
0

U
an
04z

a
H

a

v
s~

0

V)

M
v
IN

b0

P1



0 1-

N z
O

W LL
Q^ N

Q Q
H ^

2
O W
•. F-
F- Q

Z r
cc A
Oa
U. C
Z G

" U

>- N
a ^
r- awG
Z U.Oa
W W
0 a

r •
o Z
c O

V1 11—

W Q

I-- F-
p

o aZ F
c C)u 

W
•
N
Q

.•4
r
^C

.r

W
ob

a

N

Etc
Q̂
t

.

a
C
X

X
w
C

W
Z
r
F-

C
^c

N

SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

Ino ln o lnln o ln o ln o ln o ln oln o ^n o lP^ o ln o^norlr► $ono
O .+ ..r N N f^ +1' ./ 111 1f1 O O 1^ ti ® • p► O O •+ •i N N 1^► Al ♦ Ifn000000000000000®^^.^..^.r.^..^.r"dpw.r..r

w w x xxx x xx x x xx x x xx XX x xx xx xx >Kxw
yy^^ W W W W W W W W W W W W W W W W W W W W W W W W W 41d W W
0000000000 ©GGti0000000000000000

	

1	 1

	

1	 1

	

I	 I

	

.. 1	 1

N 1 I
IY

d 1 W

W 1 d	 1 f^;
4 I F m

N 1 ^ I O
Z Z I x

•	 1 •• p 1 •

bb
0
4j

a
W
Q

G
i~

to

^O

..r

X•
N
•

r
X	 N N N N
0.	 u 	 U ..	 xx x 

r3	 ^ w	 a► ^
..	 .r N ..w N

Ift A A A do% A Q Q 4 Q
xx	 x 	 xit

	

•O	 ccccoc*M	 M
w.. w	 Ifs 4 44444.rw+ NN
w	 e^	 In ..^	 cac a a cc a a co cc	 ac m
I ..4	 -^ .	 x 	 x 

	

.x •	 s^	 I ^	 1 ^
_	 o%

4N	 n-1) tr,	 w • • • • •4QU:^4000
fto 	 .,,.,.a,., .t%tar+ InT^xwxxwwxx

* « to	 w QI — .. N 0-•+ b" «- bow	 ... ly N V-+ r-4 •+ N ..r N f V
J0", %`exoc	 wXXxx',KXGt»1WW,Ccc44L)
Q .. C 0. C C) .+ r. ..+	 X x x x x x • x x W

tY	 N 11	 S. • II 2V,ZtAZ CA 11 II 11 11 11 11 11 II 11
Zen N 11 eel	 0s-'C

Ir- C 2	 L)
  ccc0cc-

V t r p-	 K r C	 • • . • • • • •r Z :E	 • «	 X C II fill II 11 11 r+ pw ..a N N n fv` m Al
J W C	 OF"	 . • . . • • • • •
a i U ......... .w 0-4N Poo N.rNr" NNoMmwNM

low  CXXrr0wXXxx x cya0c?cc3OA

	

c %t LA	 e
c
OW

M

I°)

bC

w

uuuu

SD 69 -3

81



SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

u+olr+o^owo^r+o^nou^olnolno^ ► o^n o^n
•^+  	 .. r r ..^ .̂ . ^ .^+ N N N N N N N N N N t'41 N^ N N010

x x x x x x x x x x x x x x x x x x x x x x x xW W W W W W W W W W W W W W W W W W W W W Will W
ooc00000coocoaoc000000cac

b
v
a

O
U

ew

W
A
a^

O

.A

VJ

aft x 
am

 

zx
► 	 ►

dftN N ..	 aft ,....	 /1t A

i mm X M fr1► .r N` x
..+«..	 . 6%. 0.0	 * YM
^• x :	 V.	 a% A* A

%W	 ii i z N N	 "w N

x0.	 ow ..
C) .	 ..+ VOW	 . S..	 I I

oft O	 . . ► r-	 am .r O.
..a .	 am	 pw4	 ...... x	 O Q► mac• ^..^..ftwX	 CYa	 o0
rr, 	.oaa •	 c c 	. •

rnZ M 	 M .. .	 as	 PW .r

c*e-a-7X^-- xxa	 %*.	 %% %.
v; r z x Q ^c x a Q	 •• •• •• ••• PO4 t\

ftw C	 rr ft- w	 0- ••	 004 a a
10.-. 	..+.rv rraw %.. v I.-. F. N	 %.w two

cza zacczaY ooa o1r.U l)Wcccccc II II
..a <t v= U C a c U J J N- 0 0 -• •• cc a a a
acr- ,.j J..J..jJlp- jwMaUM 0 0-	 CaCCC•
c a w w w w w a m c 0 C0% O x x x x x x •n %c
ccocco c DMZ

II	 11	 II	 11	 11 C 11	 11	 11	 II	 11	 If	 11	 N 9%
J J ^a 11 If 11	 F-	 C1G cc=

.-w 0-4 .d J .1	 J	 .ow	 a' a H A

.-.... IQ 	 4 x >- NC 0-0•-+NN-W•-4NOO W Z
x xuu^^a a 3uaa ^Oxy3wwaaxxoc w

e c	 c
o	 ^,	 o
O	 C	 O

W4

82

M

a^

6^n

SD 69 -3



SPACE DIVISION oir NORTH AMERICAN ROCKWELL CORPORATION

000^+o^no^nooaa0000000000000000000
O ^+ N N	 ^0 ti aD 0` O •+ N	 ^O CC 0^ O N M ^► t^1 ^D PJ
0 0 0 0 0 0 0 0 0 0 0 0 0 ^+ ^+ •+ pw ow o+ ^+ pw ow 0.4 N N N N N N N N
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> > > > > > > > > > > > > > > > > > > > > > > > > > > > > > >
a oc cc ac a of cc oG oc ac ar Cc oc ac a oc oc ac a a ac oc oc of oc a oc ar a ac oc
O O O»» 0 0 0 0»» 0 0»» a»»»» >
N N t/1 V f 1/9 'V'1 N N V 1 N i/f N N V l N 1r1 V f N N N N N N N V 1 V f ^f V f V 1 V f N

I	 1	 V	 ►^	 dm	 1
I	 I	 x	 O	 1
Ice1	 ► 	 •	 ^^	 •	 1f= W C	 (	 A aim	 .•	 N	 1

	

U M- U.	 M N	 Y	 cr	 •	 1
wr Q LLJ	 v	 W	 ► ^ 1

i = cx =	 x	 a	 ♦ U%l	 1
►r	 139 W M- Z	 CG	 d	 ..	 f
0-	 I	 Z r	 I	 Q	 .•+	 r
N	 I w W (A 2	 1	 ► 	 .	 .r j-.	 st
W	 I W 0 Z.  *»	 f	 .. r.	 ► ft (A	 J	 1
Q I O 4? ( ^+ MMX	 W W	 X I

I J G u	 1 %c .r .. •	 .•1	 X Q t- N	 I

	

w I a2v) mi 1	 >NO	 r•	 N W	 • fM	 I> Q	 Q	 1 1- .. X UJ Q	 Vf	 . N ^., .. •• 1
>	 I	 Z u f to	 . > z	 Z	 ► ^-	 = M t7 1
ix	 1 ^- to uJ 0	 I LL► %W .. . _	 bon	 W cx w a	 f
G	 I cC0SJ	 I Qt7, Mam .	 x	 ZNW•..	 ♦... J 1
w	 t W a 1-	 I	 W -- M ••	 a	 cr a a 0 .,^ .. ^- cc I

I u. Y	 W	 t	 F- O •• M	 r-	 CI.	 et	 4 X I
f v^ u t— J	 I	 w x ..d ..	 .	 LU	 . u,	 >	 I

N	 1 2 4 wr CCI ... U 1 N	 o.	 . U.' N	 b"	 .. f
>	 1 a a	 11"	 f .. 7e > o	 O	 awo 0. pzdm ... f
CC	 I CC	 N	 I %c	 .r	 . a X Q	 Cr CL 1-- 0 I
O	 f M-	 • IA	 I — W •• •• cc	 ..	 w	 1-	 .s 4 a •- 1
tA	 Z.0	 1 N; • LUM	 zVI)	 . .u,	 Z'Za 1

j a _ ►M-. ^ 	
I of	 . N M 	 J...	 .>(A	 aCY

^-	 I C)N•- Z --	 c	 NOx0	 =a

1 QZ O11 I NN^Q	 . .	 N ►-^NN JZ u1
w	 I	 G LL. o-	 1 w LL^ C3 M OC	 J so-	 LL.I X J N y O w .. I

O qwb I W L 	 b-	 I ^.. ON	 %W .	 co O	 X 	 Z
Cr	 I V: W z	 N• .-+ N	 .-+ p	 N	 X b- \ ` J
('..N 1 .!WNW	 I %*- CL 	 .f- f-+	 a. w • X • Za X

	

Y I C S J C	 I .-r ► M G W	 CC 0.	 . X 00 .d C7 Z	 I
Z t a. a	 1 W. ftw .a	 44 o	 f-W^J

V CK 1	 LA	 CXC7M 0- . a-g	 x	 6r00-4L1W O
ac .., f	 J^ Z	 i x	 a. ►-	 x	 X Z Z C •• I
G	 I W.j Q	 W tA	 • C h- w > N •.••„G X J I
X ► I S d W	 i	 f-a ez a w ar . o 0 ... x W . = LL cc I

	

^, I ^- LL,^ S cn	 I	 3	 • ^-	 a — r.J	 LL =	 > U y a	 41.	 i
• J 	 M-H • (	 .	 .lo- WXJC	 d . . Q	 W.- .

NW j LL	 z  I	 f—+ boo CrIVCXfood .	 PG wz .W LAN •+ f
	C I CQ • IJ. P_ Ca l	 U.	 X W . W	 -,.	 • W x 0.1 G N at J w ^D

..	 I	 OCC^-^ I	 •	 V) 0. 	 ►+ ► N O Pr' tt, do.	 W	 zC CF-r'r 1

	

w >- W & 	 .••	 . do. N	 r- Z ., .. cc 0-4 . > w b-	 a o. — I
ye^ <sa a d =	 a UJn+a .ecb- ob CCCO.W N & a z zz I
WF- I o[=aWLD I	 (%iN: U. 	 7 cap x • Ox<	 •d 1
> V1 ( CL 	 N•. I \ ♦ CC X . Q ♦ NNCC x	 NQ O `J
a LL I QF- JM-- 1 421 ♦ w ► CHG %wV	 •Z cx • W G a 1
CQ I Z	 Zer \Z . Na v)0 ZP. 1
V'	 I Z C'S W a W( R U 0 .-+ ^rf W C L^ N s ..-+ C?	 . Z	 ft.-	 I

	

• I QUN 7' > 1 OCCV CC X S Y?1- N •• co	 •.-+r-	 N. i

Z N- 1 t/t W	 •» 1 ^-. G of .+ N C,	 u C Z	 G	 --+ Z< r%j ♦ ..^ z •- t

F- W	 1--	 H C+ QC i	 ^r X w Ca	 J X 0-0 ft.- 1
C Q I Q C d	 LLt I Z Z Z 1- • !'^. J Z Z 0 CC' W Co Cr	 CC X t/) Cd

Qr	 1 LL	 f Q1-	 7 W J JJ..i	 ^1 G 	 LL' .+ 1
cc I ? W 0. a a. 1 1 3 7 ► x — w w a < <4 < 	eH 2>
C I uj	 Cr C COC	 N Z C C W WLL. W	 U.d «-
t/1	 1 c.^ Q a Q LL L." L) U X 7 n U U C CC Cr CC Cr	 a Q C	 I

UUQUuuu

SD 6g - 3

u

83

bU

a
W

a^

0
N

N
M
cu
s^

rw

W



SPACE DIVISION of NORTH AMERICA: ROCKWELL CORPORATION

00000000000000000000000000c^000000 00
aD 9► O ^+ N ^' .t M ^0 1► aD 0^ O ^+ N PI1 ^f Ifs ^0 1► ®A^ ^ •r N f"r► ^ W ^ 1► ^ ^ Q rr N
N N P^ m f^ 	 ^^1 Pn P^ P^ N^ K` .r cif ^t	 J •t ^t	 OWN W% Ut W%	 Ifs V 00000OCOOCOOOOOOOOOOOOOOOOOOOCOOOOo
>»»»»»> >aa>>> >> a»»>a>
cc o. a a a cc a. cc	 cc c^ o' cc a cc or: cc cc c^c aG oG ®c of oC oc a[ oc oc oC aC oc ^I[ oC rt ^» »»»^0==»»»»»»OOOOQOQQ»O
V' N N V9 N V! N N W W W N N W W N W N W W N W N W W W W W W W W W W W W

z
0A

.^ N N t,,,^

1 ♦ \ N U.
N X an

N U-1
> 1- x	 z

p .•+ N K1	 N a Q C h uV` > >> » > = z Qa a a. a QC a Ol N ^•+ ••• ^•+
U-1 • _ ==m= ox o ..r
h- to 0 N W N to a ^ 1 M-
u u, X x x* o -+	 z

Q p► do+ • >> +w Q
ar ab" oN N. N -•.•C D-c lr ..,... Oft ow > 0 0 L^ a c a	 .,

C P+ .•+ .-^ x } .-i J O C N 1- •-+ # ^F w a 1-- 1- + X ! O N X	 LL >
o c a > c' _ v) V; G Ic	 et

a 11	 O 11	 II	 II II xcc C WW N 11	 if W II	 II	 oCC
C" ^qCC^ P^1 _^. xX QQ C !C. M.-J ^.• Z

^'	 11 ^+ ^► w r+ II	 N > 11 N o r- 11	 11 ^ t V 0.4 Oft	 Q
a ►.+ r.r 11 cr N	 11 Q c: t* 11 J J C' u
c .. .... .. if 11	 n 11 C^ ..^ n	 n	 11 >>

e,.- ^aa cn ^ ^ ^.- v.,>> aa. n	 11	 11 ccu•-+ Cc^..,
b- •• c e ..= uxz--a.'r ==C C "OL .j aaC..^
wcPc..^J n	 ==)xxx(f)nowN C C 0 CC.jv^e^cox > oace•.1^1 zA, •- v^v^cocxxa•ax >x>- x>ucx^-au

N	 r(l	 14	 1r o	 0

	

0.4
	

C
wo

u	 u	 u

.•.b

O
U

bb
t~

W

Lo

a^
s~

0
s^

N
M

bA

W

84

SD 69 -3



O
O
O
Q'

u u

C	 O

O	 N
UIN	 uli

u

SPACE DIVISION o p NORTH AMERICAN ROCKWELL CORPORATION

00000000000000000000000000®0000000000
m#UIN or- aao► cow Nm# blio^acao -ON M+^ + ^ol► ®o^o..^N^n.tu + ^or•®^^o^o.o^o^o•o^or-^r•wrl-^1-^r-aoaomac®a^®ao®®o^o^o ► v+o► c^o^o►oa00000000000000000000000000000000000>a► a»»»»»»>> >> >> »»»»»a ar. oc oc ac oc a oc 0r a ac oc oc a oc ac a ac ac oc a ac ac a ac a oc es ac a ac a a ©c ol: oc a»oo»»»»»» »000»»>a»000^»oo
NN{/1 V1N VtVf ViNV1VfV1VfNVIVfV1V1Vf NNV1 NVfV1 NV1V1VfNVfMNV1 NVl N1

w
X
aN

N

•
u^ Oft
c
ZN

• .
mwpw

ow •....r
N

•

a ♦

• w

I^ •
Q ^G

X ►
N

^.. w
a c

!m	 Z
^	 w
► 	 •

OVAzaa^-	 au
O z Z	 C Z N
^-+ . ► O	 Q
F. ..1	 oft A.	 IY v "w rr
u	 Q " ►-+ 0 1- $--
Z 11 11 ++ +- M • >>I m  	 ecca
U_ .•- n , oY a N •-• 11 11 =N C C W N N
w	 I X s- <a---Z

7 V-4Na
ao0	 It 11 11 «-^ ON wua r
Z	 J C l m ..a n n wi
U.CC 0-4••.•..Q..e•-4
c; cou.Qaecur.,r.,u

oor^0000coccoccoc
Lr00u,0u)0um
C C o c c o c CF- I- 0- ►- l- 1- 1- F-

c o c c o c c o
occocCD fr o

w 0- aft+ -. d. lab w

..r ^a V•d 0.4	 p"	 ^..

1	 +	 I	 +	 ,	 # C)

•-^ P.+	 V-4 V-4 9.0	 Z Z
W I	 I	 I	 + ++	 rr C
(X 0.r r rr w.. •.r r •.r ►.r	 -+	 w.- '^ `"	 Q

..-.... app ..Inv .. +- .-..	 ow ... f N o+ U.
-^ K:NNNNNNph,	 .rrwl . Q

0 "1 r► ► '7 -m% U)	 Q
Q •	 •	 •	 •	 •	 •	 •	 • a	 • Q C	 w Z

a Cti c.^t^L" % c^c^t7c,rc^C^GG^► 1.0 Z
a Z Z •	 •	 • •	 • •	 •	 • U. N X Y N O	 «r
11.1 w •	 •

I	 V1 II	 11	 ► 	 ► 	 w	 .	 .	 .	 w	 so+*.ftw	 • ZNZ

0. 4a pw  ..	 b- bw Pm .d 0.4	 6.0 Z Z •-Z a —	 r v v v x •-•• rr .r M.1 T O b. rr fto
►-+	 II C	 a	 P.-iNfVIVIVlVN	 a-.....rr-.Z 7	 f..Z

II C C	 mi V) v Lm Vf	 — 11 IL <L pC
r W ft- "w "No wvrrrQ 7 Z Z Z r. I+-'Z'

boo

c. U. s O O w U- U. u.. u- U. U. u.. O X i x x w C" u.	 G W
Z0-+r-+ O C rrb- r rr ..+&.W b-J W ,j 1,. X>.a e-» VF b-3 U. o'

v
a>!
a

a
O

Uv

M

a

W

r^
O

N
M

bA
• r1
W

85

SD 69- 3



SPACE D T&VISION or NORTH AMERICAN ROCKWELL CORPORATION

00000000^000000tn0000000
p.r N1'n SIN ^0 f^ ^ ^O.rNt+1 ^ ^t W ^0ti m9► O^+

0-w ..r .r ,.r .+ ..r po .r e..+ ..r pw ..+ .r ow .r .r .s .r sr •.+ go ^y rl
»»»»»>>>>;A»»»»
ac a ac oc ac CC a	 c>r IY a Cc oc Ct: a o< oc a aC a< C1t: a aC

4A 004A 00 LA tA0$ 00 CA CA toll V CA0&A(1 NV9N

w

r
r

N X
1	 2r Q
Z	 Cc

owla
►

N
Z
r
3r
N

omw ►
1 '^

= v
a ^--

^• z
^ r

n a z
Q ►

aft
W . r

o ►- two
N u ^

..•	 + w zz J	 LL' a r

ww

••0 V) J
II z	 # •

7 Q Q ..
Oft two

+^ .....	 J r.. a. ^...0
A .	 J	 . z

/^

L/ ! om.

2Z ^Z Z _jam..	 r g W-0 b"

f Z Z ^' ^-' z z	 7 J ►^' X

w.r r+	 Pr r.r N	 AJ of l—` . a+	 •

r.J • '^	 .^ !'^, C •-+ 6- ^O
(1 It	 11 II r— •	 II	 11	 II or, J Q' ^^

11	 .-+ .-W t.: r	 11 0 G 11	 tt^ O
... • ..r .•% ...	 ... .. ..t

r,	 + + 2"	 J wa%C^

tr ^• 0, Lr UU <t cc; LLJ ei Cl
to Lr	 Lr	 11 U*) 11	 ••• ••• •.• M 7%. 1.- Z Lr F- S =

2 II z	 a 2 0.-i	 t]' r 1% t-- C
C C I C: c n U- LL X	 a z cc c C CC C w z
CC A Ca p-+JG"- l Nrp.4:tI.L OZLL I%W

e ul	 o ^, Lr, Lr
s Ln Lr, cc ca Q
Lr, Ln w	 tr U'"s Lr` Ln

86

0 -.,b

s~

0
u
U
9.P4

>4

W

a^
s~

0
p

N
M

bA

SD 69-3



Coco
0 ow N m0000
0000W W W W
W W W W
IN. Is- M-0-
(A N N Vf

Z
Wu
W0
a
W
W
N-
N

I
I W
!!I >

i ~a.
1 Q
I

C 
G

1 d

I Q
I
u
Z
♦.,

N v
Y M
DC G
WW Z

G •

O` g
C «-^
U. I-

<c
	

a
w ca
Z

a
U. CC
U. m J

f^
tI'►
	

O Q
N

Z W Q
r.	 > LL.

D 
^^ T

0 Cu
or
	

L.% OC
m W d

x, w
N W V.

SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION

000000000000000000c0000000000000
4 P 0 04 0 0" O .r fV lr+ •r 0 0 P.-	 N w	 0

OOOOO•r^^^^^^^+^+•rNNNNMNNN N!^ {s1 p1 fr' fr`P^ fr1	 Pr`
oo^^oc^0000aooa^^0000000c000000a000
W W W W W LL W W W W W W W W W W W W W: W W U.' W W W W W W LL W W LL:
W W U: W W W W w W W W W W W W W W W W U^ W W W W W W W W W W W W
1• N M• ^ M• M- M- ^- M• F- M• M• 1^ F- h- 1^ i^ /• ^ 1- M• F- M• 1^ 1• M- 1•' M• ^ F- H M•
0N0(A0 & ! CA0LA ClVNVf 00 04A Vf N004AAA W)(AV) 0 4A4AV1 VlVN

u	 ^- —> = I	 LL°a y i	 a
r.	 ^•• v 00 Q I	 Q

>	 Z M	 N Y C 1	 OC * ►
Q	 %C %0 z X CL^ 1	 F- N I
N	 Qt ko oG x	 rr a t a	 l

J J Q ^; W Occ to ..^ j	 N j
• ► 	 S ► ^- I	 J r 1

A r3 I Irr,	 .. cr, tr. x c a, I	 o 2 1
41.+ ar v ► vmd u 1
.r	 +. > N U •• "I W (	 rr w Z
m	 h- .+ x W Q N N (	 ( X ^-
w	 1•- %o . > S ? U- Q
^-	 W W W  ...a•	 . O . L^

Q	 Q J Q o' +W M .^ d N I a	 l
N cr I- C — a cr w I	 U. C I

• d^ UJ X .-r •• • Q 1	 C I
%a	 .... . .Wry —^ 1 a I
(A	 .. 3->G o 1	 Z

O "^ . M ..s ..+ I	
0

o_ I
I

w Q	 r "9 Ij1 r a-- IX .,,, u
1	 «r ^O Y

x ca	 as bow o. X •• •• Z D cn 1	 d x ••
rr '+	 oc a a ..^	 . N rr rr Z '^ I	 ry Q .
N ""'	 O W V1 X

rn	 x ec 4 1~ > s rr > a t	 z a
....	 x .. F.. Z ... . O W

y 0 CNN —d . F.. I	 F. .w	 1
x 	 . . . . uLL CMOY w I	 a P.	 i
N	 r. ..	 %..	 . C 7 1	 C x l
Vf	 w N N . P-+ N .•+ K	 1

w	 606	 v d a. •+ Z cc rr Z • 1	 1- . LL
.Pr. 	m	 ^+W 1•' •MOW 0O I	 Z NNCL ..	 ...	 cr N WP-4 ..	 . a Z N Y I	 W

Zr Z	 N M	 o: W J rr r.r O-W ...	 . r. I	 u =
ra >	 v ^+	 C UJ u . X Q f^"	 s I	 V) Q

V1 	 QW	 U. r+ X w	 WM t_; I	 C .t r+

N . en .. ^. n N, Y	 . . 3	 f-	 • h- .► C cn I	 a x I
I y •->	 oru C•	 •I- WacoC t	 W .oC x r- 0 • 	 CC O G •.+	 b- a N C pw ►- t	 W •

S
• u Q (A	 U. J cy, W	 X W w Q1 po t

Z N CG	 (r, •••	 ^	 u u • .	 V) a. r• I- Vf Vf r kr
I	 0. 0. M 	.	 W w0 .., P-4	 .	 0 0 Zd . X •• N — -- Z	 C, o a s	 W N a. W a •
.., x	 m % ., ..+ ^ C	 a. J N V) U- f- w t	 > S x
# (L	 X	 (A H Z\ . •d am d
JNM4=o DC CM S- V+C^ LL'"+F-Z \U.,' N x a
d	 0 0 L) <•• Z u C ..r V U , C fm ( mo d N en C C
U. .d C	 LL	 ' c C CC U or. X m Ye ^• • I N C N •\ Z
cr C	 .	 d Z 4 Q 1-	 ► . F-	 . CL \ 1 N Q N C ►' 1-

dZ^'► 2 ZZI--r+	 f'r,NC W	 NO Cf NLL 1	 ► •-a •SO«-+
I-a Orr G CCd %. %-,. 	 •0\a 2: F- I	 %c•

.w	 C	 Z Z W Z	 ftw x A C C a V` I .► V ^„ y ^ 1
u^ttn x 	Z	 — -jC'Z7 - ► N.jZU.vU. y 1^ • •

# Z'6^	 ZZI- CG -j <d r 00> P- ► C V+
S 

Wd LL Go x x
JJW ► U-iwUJ u u Z' f :F C J rr . I Q d I I.-W — F-7 W m

W om en.-• low r.ZC u C C r• ► NZCQ • d•- t C Coca C
0--	 c -ccc—u ► ► • uu x — m nuc cz 13 U- 3LL

e^ .a N
.a N N
t1, N N
N N N.

a

w
H

a^

0

C/)

M
M

N
N

C^

uuuu	 u	 Q

87

SD 69 -3



SPACE DIVISION ni p ;NORTH AMERICAN ROCKWELL CORPORATION

occoc000000000c000000000d000c00000000
ti	 0', 40"OP ®vOo ow m r 0 ^p ^ ®^► 4•rN^
mm 	 www4w 4 446^06MITM0ouild)1^0 0 04^0 14J ^0^p ^0^O1^A1► P
C C O O rJ O C O O O G C O O O G O G G O O O Q d 0 0 0 0 0 0 0 0 0 0 0 0 0
U.wwww WWWWWLL.wwuowWWLLt wwwwWWWWWWU I WWWWW WW
WWWWW WWWWWWWWU.WWWWLL^WWWIUWWWWWWWWWWWW WW

	

►- ^ ^ h- F- 1.	 0-	 11- H ►- I•- W /- 1- 0-	 IN-	 I- lo-	 0- 1.-	 0- lo-w 1- H 1- M• Ono

Oft

t/1 V1NNV'V'V1 V1t/1N V7V:NN VIV`V+{^!Nt/9V'tV1t^V1VlV) NNNNVINL/'INNVIN
I

I
1
1
I
I
1
I
I
I

	

I	 rr,

	

1	 Q 0-M

	

!	 OC	 •

	

I	 x w

	

1	 Z m	 M

	

1	 H	 N

	

I	 rr •

	

1	 ^	 •

	

1	 • .r

	

1	 X n^	 N

	

I	 C
I

	

!	 ► s

	

1	 •

	

1	 p-w	 -^

	

N «	 (	 ` M

	

cf	 1	 C «

	

► 	 CY	 L"	 !

►-^	 N	 l It	 r ^' X	 ► 	 t

	

r.	 «	 G	 I G	 c, G et	 N	 ►..
•c	 « G	 c	 1 O rt a F	 .•

	

.	 1 ..j	 C1 P- ► 	 C	 C
Oki

C'	 ^-	 C '^'	 N	 ^.	 I L	 C It 11	 L

G C • c-	 J	 C_ C.	 ••	 e+ r	 S E.	 c	 C" 	 « ►.	 r, or

	

c	 1 1 .....- v U. 6^

	

n n n .... 1 x	 C,	 C , ..1 I 1 J n	 a	 I- n •..	 c	 c	 ^-	 c = tT

	

•-^	 c 11	 ^.. cr	 ox •- U, a •- a 1	 I-- c	 ... c -- --	 c Z

	

— n C -- n	 c-; 11	 ►- -- C u 1^	 N c- w- 11 1 ►-	 u r' c 11	 c •-• c	 G	 C
N r ...+ tr	 c 11 a	 II = ►- < v 47	 N	 t U x N 3	 a .^ .	 cr el,	 I- ►-
••	 lo-	 -- c 11 7 a a	 _ 0- rf	 a	 11 > cr I < Z 6- ar	 1 ...1	 N a.	 .• Z

ac acX>Cis Z	 C LLLL L, C c U ILL C:<C	 V- *- I I- 1— tr C:C < .rt C,Ct,:cLL Cc
V V^V'CC>c	 UC L V)	 1	 LL nl- c<7. XC r"UC.^

Q	 -1* C	 n, r•	 tC	 C	 ti	 C	 "-+
s	 c tr	 e`. n,	 N	 o 	 c	 r•

•-w	 tr	 N	 c	 N

L_ L •
	 t_• L"

88

SD 69- 3

b

s~
L0
U
v

^i

a
W
W
H

G

M
M

ob

W



SPACE DIVISI ON oir NORTH AMERICAN ROCKWELL CORPORATION

1► t7D0 awNfor1t	 ^®0' O ►+N	 1N,OpP+®O®® ►rNR1tW^p^00
r+N-NI► N^ a^tra4acww w w®®0• ^P9' P0 *94(`0`®OOAOOOOSS
OOoc0ooCc000Oo coo coo occo00^+^+ ^+.r•+•+^+•+
W W W W U.' W W U.' W W I L W W W W W W W W W W W W W W W W W W W W W W W W W
W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W
1! 1- low 10- 	 1`1'-N-` w- 11- V 1-10- M- 1.0- 1- h- 1-H^1.1.- low 0-N- 1.- ^^ low on. M-1-1- 10-
Nt/!t/1V'1lJf VfNt/1V1NV1t/'1^/1 VfNNNV1NNV1VfNVfV1 VINWNNNINIH {/'1Vf1/1

b

O
u
aA
s~

a

a
w
W
H
Lo
a^

O

.Q

0
•0

a
0
	 ^ N

^D	 Q O
r.	 Nc

.
.	 O

^t O N
c ► ^ o
%c a P^ ,,^ ^o
N tp . W -+ r

er c c — ^

ti l!' N . tP^ o fa' 0-0 •• W
e` a o ► . -- X F-	 W

C M lY' Q C X Q•• W N M .- a c 1 ► 	 0
> pw Oft W V-4 P-' K' r * C Q CJ r •-r L	 W r
ou a-- e N u fq% C ga Z Mftr A. a I- «.

W r U. + ws Zfr1 .of... ...	 •f r1 CD or r" a •C W W tom fto a
C R' b- > + G r . a W, *- ..j C* .	 0 ► r va a 1-

Q J ^t a ^+ C C^ %w ! j L` U. t!'	 II a V'? C7 t/+ -.. Q 1-
•+ ^. r I N r 1 Q' Q 7E it fh M w = V1	 • C 0 r 40 V) C' !r
M Q II	 ^+ CJ Q W X L r ♦-+ ,..	 I,..	 r..... r.. .... V -. W (i 11

C 6" ft" 11 ►♦- — I C •-+ t"d -- 0 m Z G	 11 I N  C r Q II -- W
CL ,.... .. n a a •- --	 11 I-- ac a C X c a m •- -- o— •-

> r II	 t\ Q ^+ !^ ;1	 '^' 11	 M	 11 F to -- > Z X a 11 J o OC a- fn 11	 <' X 11	 oil ^-+ -- Z
C a ,0	 11	 •-	 (1 ,..^ er u c if' et: V* •- C 11 W O` •. an o t: •- O O to 11--

n acc^-I ca. «- it (r Xto.- u0--tr •-o4 --•oa o ^ r >o..1-
-- a a	 ^» <[ Z' es .- a ^- n a .- -- •- v --	 11 11	 > U^ •-	 11 U.  	 a W Z
U. W U.U..WU. WSC U.U.0 S LL CCCC^C CACM- LL $---X010-C
sob b."	 Q (y nb..r 1-4X b- C X X000Ct/) V,40eG^Q

N C N O	 •-+ a	 aCCC O C mw ^-+ N	 fr`
fr'	 kc ^O  P P	 0 r-+ f n Q' ON c O C G	 O
N N N N	 N N	 fn fr' f'r`	 f'r O` .t ^' ^D ^	 ^

fr'

89

SD 0-3

M
M

1-4
0
bA



SPACE DIVISION o f NORTH AMERICAN ROCKWELL CORPORATION

0000a000000000000000000000c0000000000
O ^+ N fr'1 .t ff1 ^0 1► 	 0" O ^+ N Pr1 ^' In r0 ti	 0^ O ^+ N 1'^ .^	 1► f",D Q` O ow N M 4 UM ^D
owO+•-+--+ •-0 V-d owwo 6-4r-'4 NNNNNNNNNNMm mm mmmmmm.t ww .f w 11
•d PW "d 0-4 .r -.f wo pw r-1 rr N "W .r ow .-+ ..+ .-4 0-1 ..1 sm .-r OW4 r.l no -.1 --r ..r po 0..1 pw V w n+ ow ..r ow ..1 Ad
W'WWWWWWWWII.WWWLL WWWWWWWWWWWWWWLLiWWWWWWWW
W W W W W W W W W W W W W t L' W W W W W W W W W W W W W W LL' W W W W W W W W
low 1+- 1- 1-- ow 1-- I-- 1-• on- 1- I F- 1-- 10- 1-- 1-- 1-- In- 1-- 10- 11- 0- 10- h- 10- 1- 1N. h- 1-- 1-- h- 1-- 10- 0. H 0. 1 1- 1-
NNt/1 V16/'fN VINVINV + VINNNNNt/1V1V1N VfV1NNf/ItHNVlNt/'lNNVlNNt/'1

Q
a

d a ^
U. U.  W
r r-- fM1 Xr •.

► ► F Z,
a >

c e r- --
Z Z = t--
I- r+ 1-- Q

J

C >
C f/' fti

C rtl tiC ^ '"` # D
r-+ X X C # Q

Oak doft

O •^ Z --b W
0-4 f n ^• am eS P^'1 11 a X

C> I- A > Q A ^	 A	 X
o 0 c LL I -+	 --
rd	 . . . •. r a% I-•

•. omb X r^ -- e z	 z	 C >>
.. mac( •-•N c %,D c ... o> >Cc z ẑ
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