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ABSTRACT 

This report presents the SHORE code user's manual.   The 

SHORE code computes the transient response of shells of 

revolution to initial velocities and surface pressure histories; 

it includes nonlinear material and geometric effects. 

This document presents the theoretical development of the 

SHORE code and two sample problems to illustrate the use 

of the code. 
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NOMENCLATURE 
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AO-jÖ sin^j) 

A(r ̂ ) 

At 

elastic moduli 

linear strain hardening modulus 

impulse 

stress resultants 

stress couples 

transverse stress resultants 

gravitational constant 

shell wall thickness 

index in 4>-direction 

index in 0-direction 

time in crem «it Index 

linear foundation springs 

surface pressures 

radius of shell in 0-direction normal to the shell wall 

radius of shell in ^-direction normal to the shell wall 

time 

displacement components 

radial coordinate 

mesh spacing in t1-direction at the i     meridional mesh point 

mesh spacing in the 0-direction 

integration time step 
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L\ü . Ä«/    ^W displacement increments 

^^•^O'* rotations 

T       T      T total strain increments 

6(T0.Ö(T0.6T0O stress increments 

C0 ,e0,€(j)0 
strains in the mid-surface 

0 circumferential coordinate 

K0'KO'K00 bending and twisting strains 

\ damping coefficient 

p plasticity proportionality factor 

'0 • l,o Poisson's ratios 

p weight density 

al,a2,a12 yield stress 

ao effective yield stress 

ff0'CT0'V stresses 

0 angle between  r and shell axis (meridional coordinate) 
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INTRODUCTION 

The SHORE code computes the transient response of shells with midsurfaces defined 

by a surface of revolution.   The equations solved by two-dimensional finite difference 
techniques are those derived by Sanders [1,2] and include the nonlinear geometric 

effects.   Time integration is by the central difference method.   Inelastic material be- 

havior based on Hill's anisotropic yield function [3] is valid for initially orthotropic 

materials for both perfect plasticity and linear strain hardening.   A fracture criterion 

also is available.   The loadings considered are initial radial velocity, initial step 

change in temperature (never checked out), and surface pressure histories; all of these 

can be specified for each mesh point.   The shell can have either one or two different 

material layers obeying the Kirchoff assumptions with additional weight and coordinate 

direction springs at each mesh point.   The boundary conditions include free and fixed 

simple supports, clamped supports, free edges, conditions of symmetry and anti- 

symmetry , and inhomogeneous formulations.   The code is checked out for cylinders 

and cones for elastic, inelastic, linear, and nonlinear kinematic response.   Other 

shapes have been analyzed, but no real check cases are available. 

The code development started as a extension to the work by Franke [4] and Hubka [5] 

to include more general geometry, boundary conditions, and material characteristics. 

Therefore, the preliminary versions of the SHORE code closely resemble the CYLINDER 

code [4].   As more experience was gained and more understanding developed, the 

SHORE code became independent.   Now, all that exists of the original starting point is 

the framework of the overall logic and a few of the subroutine names. 

The outstanding feature of the code is the relatively fast run times compared with other 

two-dimensional shell codes.   This results from using lower order difference expres- 

sions  0(As2) (As, a spatial increment) in conjunction with a checkerboard type half 

spacing grid system.   This system appears to produce results equivalent in accuracy 
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expressions.   The checkerboard grid is a slightly modified version of one employed by 
2 

Cassell [8],   The use of the  0(As ) difference expressions considerably reduces the 

number of computations per integration time step.   In fact, algebraic forms are used 

throughout the coding wherever possible in order to avoid time consuming numerical 

techniques. 

I 
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Section 1 

PHILOSOPHY 

This section contains both the philosophy of the actual code and the philosophy of the 

user's guide.   These topics are probably the most important for the beginning user 

if one is to make maximum use of the SHORE code. 

The code was written to provide an efficient, relatively easy-to-use response analysis 

code for two-dimensional shell structures.   This task was not as easy as it may appear 

because it has taken a few years for the SHORE code to evolve to its present form. 

This present version may not be permanent, but apparently it has more permanency 

than past versions.   The greatest struggles occur in (1) finding an accurate simple 

spatial finite differencing scheme and (2) understanding the proper implementation of 

boundary conditions. 

2 4 Spatial grids employing whole stations with 0(As ) and 0(As ) finite difference expres- 
2 

sions were tried before the present half-station, 0(A8 ), technique now used. The 
4 

whole-station,  0(As ),  technique is accurate, but requires a very large amount of 
o 

time for computation.   The whole station, 0(As ), technique was not accurate when 

compared with other known solutions.   For reasons not clearly understood, the half- 
2 

station,  0(As ), technique has the accuracy and - because of the very simple expres- 

sion for the derivative - has computational efficiency; thus, the half-station technique 

is used in the code. 

For the boundary conditions, the technique is used of evaluating fictitious points out- 

side the boundary. Although techniques involving backward and forward derivatives 
without fictitious points were tried briefly with resulting stability problems, no real 

experiments have been conducted with the boundary condition solution technique.   The 
2 technique of using fictitious points is so much easier, especially for the  0(As ) finite 

difference expressions, that there is no apparent contest. 

l-l 
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It is believed that the user's guide is adequately detailed.   Hopefully, this detail will 

enable the user to research the code and make changes to work a wider variety of 

problems than those encompassed by the production version of the code; the second 

sample problem, Section 4.2, illustrates this.   The user may want to make other 

changes, e. g., temperature dependent properties and alternatives to the built-in 

pressure histories. 

A few remarks are appropriate concerning general use of the code.   The run times can 

be quite large for many analyses; hence, it is most important that the problem is setup 

correctly.   The first run should be for a very short period of time with ample printing 

of results.   The input data should be carefully checked: is this the problem to be 

solved?  The output should be checked:  do the answers look reasonable?  Judgment of 

reasonableness will come only through experience gained by studying the results. 

When it is certain that the problem has been set up correctly, the printed output may be 

reduced; the plots can be used for fast runs, and the analysis can be run to completion. 

Run times vary with the amount of data printed and plotted; printed data are very costly. 

The following are rough estimates for typical output. 

Run time (seconds) = (Number of meridional stations) (Number of circumfer- 
_3 

ential stations)(Number of integrations) (4.5 x 10   ) for 1 layer elastic runs. 

-3 -3 The factor (4.5 x 10   ) becomes approximately (8 x 10   ) for 4-layer elastic plastic 

analyses.   For nonlinear geometry analyses, multiply the factors by approximately 1.6. 

If very short runs with a small number of stations are made, more run time will be 

required as the setup time will begin to dominate the run time.   The setup time varies 

from 10 to 40 sec on the 1108 Exec 8 system.   The maximum, 40 sec, includes 

recomplilation of several subroutines. 

1-2 
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Section 2 

ANALYSIS 

I 2.1   BASIC EQUATIONS 

i 

The shell equations solved by the SHORE code are those resulting from Sanders [1,2] 

and include both the linear and nonlinear kinematics.   For use in the SHORE code, the 

general equations presented by Sanders are specialized to a shell whose initial mid- 

surface is definable by a surface of revolution.   This greatly reduces the number of 

derivatives in the circumferential direction without severely restricting the class of 

practical problems that can be solved.   For the details, see Section 2. 5 on shell 

geometry. 

The equilibrium equations are 

[ 

i 

L 

[ 
1 
I 
1 
i 

aN. N.cos0 aN.0 N,, cos 0     Q. 
 ^_ + _£_ + _iz z + _^ 
8(r   <t>)       r sin 0       8(r0 sin 0)       r sin 0        r 
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(2.1-la) 
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Q 
0 

Qfl  = 

8M 

8(^) + (M* 
M ^-S^L-f 

8M, 

9 V H !^0 C08 ^ 

0' r sin 0      8(r0 sin 0) 

8M, l0 
8(^0) r sin 0 d(r0 sin 0) 

the terms * A . *fl  ntd * ,  rotations, are presented later in the discussion of the 

kinematic relationships.   The underlined terms are those Included for the nonlinear 

kinematics solution. 
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a^   +^. + i*2     1^2 
^        %<W      ^      2^     2 

(2.1-2a) 

I 

\ 
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and 

*       2 
v cos (I) 9v au 
r sin(f)      8(r,</)) 

0 
a(re sin (b) 

The elastic constitutive equations are 

0^     =   71    T UJ.   +   ZKJ.   +   Vaka   +  zKo)l 0 (1   -   V. Ve) I  0 0 0      0 91 
(2. l-3a) 

■^ ^ r (efl  + zK.  + v. (e .   + zKjl (1  "   "0 V l 0 0        0     0 0' 
(2.1-3b) 

T00 = 2GSe + zV (2. l-3c) 

If yield occurs, the stresses are determined through an incremental plasticity theory 

which is discussed in Section 2.4. 

The stress resultants  N    Nfl , N e , M   , M0 ,  and  M  fl - used in the equilibrium 

Eqs. (2.1-la-c) - are defined as follows. 

N 0 
h/2 

I 
-h/2 

'0 
dz (2. l-4a) 

V ^ 
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* \ 

*4 
M6 
M. 

V J 

h/2 

1 > 

h/2   T00 

zdz (2. l-4b) 

2-4 J 

LOCKHEED MISSILES ft  SPACE COMPANY 



LMSC-D244589 

Equations (2.1-1) through (2.1-4) constitute the complete set of equations needed to 

solve the response of a shell of revolution. The next section describes the solution 

technique employed in the SHORE code 

2-5 
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2.2   SOLUTION METHOD 

Both the time integration and spatial shell equations are solved by finite difference 

techniques.   In both cases, simplicity has been emphasized and the lowest possible 

order derivatives have been used to effect a proper solution.   Table 1 lists the differ- 

encing expressions used in the SHORE code. 

For the time integration, a simple procedure is employed using the central difference 

expression with displacement increments.   The displacement increments are velocities, 

so instead of computing accelerations as is done in many codes, the lower order veloc- 

ities are used in the SHORE code.   References 9 and 10 are excellent source material for 

for this subject. 

For a function F 

and 

Now, define 

at2 

9F 
at 

Fk-i - 2Fk + Fk+i ^ 

Ät2 

Fk-i +Fk+i 
2At 

(2.2-1) 

and 

6F =   Fk " Fk-1 

AF  =   Fk+1 - Fk 

2-6 

LOCKHEED  MISSILES & SPACE COMPANY 



; 

LMSC-0244589 

Table 1 

FINITE DIFFERENCE EXPRESSIONS USED IN THE SHORE CODE 

Central 

aFi 
W     - <-Fi-i +Fin)/2As 

a2F _ 

TT    = ^Fi-i " 2Fi + Fi+i)/Afl2 

as 

9
2F 

b1 =  (-F;_i   ;.i  + F,^ ,Ai  - F,^  ,_,  + R,,  , j/^rAs aras '    i-l,j+l        i+lj+l        i+lj-l        i-lj-l 

Backwards 

aF 

"aT      = <3Fi " 4Fi-l + Fi-2)/2A8 

92F1 .^       „        .  „ „     ^2 
t     -  <2Fi " 5Fi-l + 4Fi-2 " Fi-2)A8 

as 

Forwards 

aF. 

"aT     - (-3Fi + 4Fi+1 " Fi+2)/2A8 

92F: -^2 
I -f      =   (2F.  - 5F       + 4Fi+2 - Fl+3)Ms 
^ as 

I 
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where OF is the past increment in   F and AF is the next increment in F.    Thus, 

Eq. (2.2-1) can be written as 

a F  _   AF - ÖT . aF  =  AF + 6F 
^2   "       —2 ana 8t   " 2At dt At 

Refering to the equilibrium equations (Eqs. 2.1-la-c), we can write them in the 

following form. 

k-v -{^K^i^l'-c^'K 

or 

AF   = OF (^-|?)+p' k.F + ^ (N , M) K 2At 
gÄt2/ 

So at any given time (k) — and with 6F (the past increment) known - the next increment 

in F,AF,  can be determined.   Of course, when AF is computed it becomes the OF 

for the next increment in time,   At,  so one need only store the variable AF.    Indeed, 

a recursion relationship for AF can be written as follows in terms of computer 

manipulation. 

AF  = -AF /_* eh_\ + p, 
\2At     gAt2/      Pf 

kfF + ^J   (N , M) K 
2L + -^L_ 

i2At gÄt2y 

(2.2-2) 

The total value of F at any time k is simply 
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or expressed in a computational form 

Fk  =  Fk-1 + AF 

The real advantage of using these increments in displacement will become evident 

when we deal with the plasticity theory. 

As shown by many investigators, this explicit time integration is stable for the 

following At. 

1 
At -^ Ax •» /-fi- .....   -   A^A   gE (2.2-3) 

where Ax indicates the smallest spatial mesh size and yp/gE  represents the recip- 

rocal cf the maximum sound speed in shell wall.   For the input data, a check is made 

in subroutine RDINPT.   If input At is larger than that for stability, the code will run 

with its own value of At.    In cases where additional springs or mass have been added 

to the shell, even this At may prove to be unstable, if the added terms result in a 

higher system frequency.   This smaller At can be estimated from the following 

formula. 

1 

At < Ax 

1/2 

 L_ + I  
p + (added weight)/thickness    p(thicknes8) + (added weight) 

gE 2K gr k 

(2.2-4) 

Experience indicates that At  should be chosen as 80 percent of At        to ensure 
max 

stability under all conditions. 

The spatial solution of the equilibrium equations is not as straightforward; however, 

it is simple 'f the user has previously worked with finite differences. The following 

grid system (8) is used. 
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•   w'%'N0'M^'Mo'^'e0'a0'ff0'Pz 

u.P 

i    v>p0 

0 N00'M00'€00'T00* 

* Discussed in subsequent test. 

Fig. 2.2-1  Mesh Configuration 

The main feature of this grid system is the half spacing of the u, v displacements 

between the radial, w,  displacement.   This provides a strong coupling between the 

three equilibrium equations not generally provided in lower order difference expres- 

sions.   A problem in using this grid exists in solving the plasticity problem in 

which it is necessary to have the stresses and strains known at the same point 

to properly apply the yield condition and compute the stress increments.   This is 

2-10 
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I 

done by shifting the points for shear quantities,  o,  to the same pivotal points used for 

w , ••    This destroys some of the simplicity of the various required derivatives, but 

it eliminates the problem without any apparent loss of accuracy. 

To illustrate application of the finite difference formulas, the two following expressions 

are presented. 

- u.     . + u. .     w, . 
f ^       = —1/^ ■>    lJ + zr*     . (linear only) 

and 

d).  , . b-,-, ■ \   cos d). d)0. .  , d)0. .,, 
Q      =  ikLJ lilLl + (M      .M    ) -i- +    ^J-1    l.J+1 

>.. 2A(r00) \*i%\        
0i,j/risin*l 2A(r.0sin0.) 

evaluated for w.    Continuing In this way with the mesh configuration of Fig. 2.2-1 

and the finite difference expressions In Table 1, all of the basic equations In Section 2.1 

can be written in finite difference form. 

By referring to Fig. 2.2-2 which shows the SHORE code flowchart, the computational 

sequence of events can be quickly understood. 

Initialization.   A few quantities used In the code are Initialized to avoid dlag- 

noslsties relating to having a value assigned for quantities used later In the code but 

for which no value may have been computed for the case being run.   No Initialization 

Is made that would enable one to stack cases. 

Set Up Drum.   Next, the drum allocations needed for the plot routines are 

set up. 

RDINPT.   This subroutine Is called from SHORE, and It reads the input data 

from cards and prints out the Input data. 

2-11 
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INITIALIZATION   1 

, i        , 
SET UP DRUM 

* 
RDINPT 

Read and write input data 

, i j 
} COMPUTE CONSTANTS | 

SET INITIAL CONDITIONS 
Call Entry IDISP, Subroutine 9NDCON 

I 
UPDATE TIME I" 

SET DISPLACEMENT BOUNDARY CONDITIONS 
Call ENTRY DBC, Subroutine BNDCON 

I 
STRAINS & STRESSES 

Compute öe  and e -* öa and a 
Check for yielding;  if yes, recompute a 

UPDATE DISPLACEMENTS 
wk  =  wk-l   +  Aw' etc 

STRESS RESULTANTS 
Evaluate Equations (2.1.4) 

I 
PLOT OUT 

1       , 
PRINT OUT 

SET RESULTANT FICTITIOUS POINTS 
Call ENTRY SRBC, Subroutine BNDCON 

I 
NEW DISPLACEMENT INCREMENTS 

Compute Au,  Av and Aw from Equations 
(2.2-2) and (2.1-1) 

Fig. 2.2-2  SHORE Code Flowchart 
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Constants.   Various constants used throughout the program are evaluated 

from the input data. 

Initial Conditions.   Either initial thermal strains or thermal excitation (never 

checked out or used yet) or the initial velocity is computed (see Section 2,6, Loading). 

Update Time.   This is the beginning of the time integration loop; at this point, 

tha value of k , the time index, is incremented by one. 

Displacement Boundary Conditions.   The desired boundary conditions are set 

(ENTRY DBC in Subroutine BNDCON), (see Section 2.3).   Because the code actually 

computes the displacement increments, the boundary conditions are set on the incre- 

ments only. 

Strains and Stresses.   The increments in strain are computed based on the 

displacement increments and their derivatives.   The total strain is computed from 

e,   = e.   , + öe .   The increment in stress is computed based on the elastic constitutive 

relationships, Eqs. (2.1-3).   The total stress is computed from a,   = cr.   , +6a, then 

a check on the yield condition is made.   If yielding has occurred, the total strain, 

stress and the strain increments are used in the subroutine INELST, see Section 2.4, 

to determine the proper total stress. 

In addition, a fracture criterion is available.   The criterion results from Hoffman [11] 

and accounts for differences in tensile and compressive fracture stresses.   If this 

criterion is exceeded, the function YIELD is set equal to -1. and the stresses at this 

point will be zero afterwards. 

Update Displacements.   The present displacement increment is added to the 

sum of the past displacement increments. 

Stress Resultants.   The values of the stress resultants, Eq. (2.1-4) are com- 

puted.   For elastic cases, an algebraic form of the integration through the thickness 

is used.   For inelastic cases, the stresses are determined at five points through the 

thickness; Simpson's rule is used for the Integrations. 
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Plot Out.   Different computed quantities are plotted at various spatial locations 

and times as specified in the input data.   The subroutine PLTNG selects the desired 

data and then calls subroutine SCPLT which stores the data on a drum for actual plotting 

after the computations have been completed.   After the shell response has been com- 

puted in subroutine SHORE, control returns to BEGIN, the driving program, at which 
point PLOT1 is called and the plots are prepared.   The following subroutines are 

connected with the plotting:   SCPLT, PLOT1, PLOT2, DXDY2, ITOEAD and NWRITE. 

Print Out.   Various computed quantities at various times as specified in the 

input data are printed out by calling subroutine PRNT. 

Resultant Boundary Conditions.   As discussed in Section 2. 3, the fictitious 

points for the stress resultants are set by calling ENTRY SRBC in subroutine BNDCON. 

New Displacement Increments.   Using the time integration technique outlined 

at the beginning of this section, Eq.  (2.2-2) is applied to the three equilibrium Eqs. 

(2.1-1) expressed in finite difference form to compute the next displacement increment. 

At this point, the code returns to the Update Time statement, and the entire sequence 

is repeated to compute the next displacement increments. 

This completes the outline of the flow of computations in the SHORE code, but a few 

general comments are still in order.   The production version of the code uses the grid 

with the shear quantities computed at the w pivotal points.   If interest exists only in 

elastic analysis, a version of the code with the grid in Fig. 2.2-1 is available.   Although 

the code is called SHORE, it is actually only a subroutine which is called from BEGIN. 

BEGIN is the main program - a very simple driver program.   PLOT1 also is called 

from BEGIN.   Because the code is very large there are several segments and overlays; 

these can be determined from the map obtained from a listing.   Also, at each time step 

the foregoing sequence of operations is performed for each spatial point associated with 

the shell. 
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The following nomenclature is used In SHORE: 

SCI 

SC2 

TXTL 

EPP 

EPT 

GPT 

SP 

ST 

TTP 

U,V,W 

DU,DV,DW 

NP 

NT 

NPT 

MP 

MT 

MPT 

ZZ 

1/A(r04>) 

1/A0 

temperature matrix 

% 

T00 
u.v.w 

Au , Av , Aw 

N 

N 

0 

M 

Mr 

M 

00 

0 

00 

T,TU,TV,TA,TUA,TVA 

I 

J 

K 

L 

thickness of inner shell layer at w , u, v ,  respectively 
and outer shell layer at w, u, v,  respectively 

meridional direction index 

circumferential direction index 

time increment index 

thickness direction index 
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2.3   BOUNDARY CONDITIONS by Charles Rankin 

In principle, there are 16 possible boundary conditions at each end of the shell, as 

described by the following combinations which apply at s = 0 and  S • L: 

N.   =  0     or     u  = 0 (2,3-1) 

V+1(F - r)v+ i(N0+ V*= 0  or  v =0     <2-3-2) 

% + dire sin*)- *0N0 " *Afl = 0    0r    W  =  0 (2-3-3) 

M.   = 0     or     ^^   = 0 (2.3-4) 

Additional conditions arise when using symmetry to cut down on the calculation.   For 

w or  v  symmetric, 

3 
9w   _ A       „„.       9 w _ n --0      and      -^-0 

£ = 0       and      4 " 0 
98
 9s3 

Because of half-spacing, only one equation is needed for symmetric u  (because w 

and v  are  0 at the boundary):   du/ds   = 0  at boundaries. 

Antisymmetric conditions for w , v , and u  are 
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a2 

w  = 0      and      2-— = 0 

J2. 
v  = 0      and      ^-J = 0 

da* 

u  = 0 

SHORE can operate with the following boundary conditions at either s = 0 or  s = L : 

(1) Clamped  (u = w = dw/ds = v = 0) 

(2) Fixed simple support (u = w = 0 ,  M    = 0 , v = 0) 

(3) Free simple support (w = 0 ,  N    = 0 , M    = 0 , v = 0) 

(4) Free edge. v = 0 (axisymmetric case) 

(5) Unrestricted free edge 

(6) All symmetry combinations of u , v , and w 

All boundary conditions, except for the two free edge cases, require that one fictitious 

point outside the shell be used to set the boundary conditions.   By setting these points, 

central difference formulas expressing the derivatives in the boundary condition equa- 

tions are satisfied.   Other points not required by the boundary equations but needed for 

quantities in the equilibrium expression are extrapolated by a second-order formula, 

which for a variable  y is 

yM   = Sy.  - 3y.+1 + yi+2 

Points treated like this shall be referred to as extrapolated. 

The clamped condition requires that u = w = dw/ds = 0 . Let (u. ., v , w ) 

represent a fictitious point at the s = 0 boundary at gridpoint y along the circum- 

ference, and let (uMri . , vMri , . , w .) represent the same fictitious point at 

the right boundary.   (Note that there is one less u point because the u points are 
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halfway between the w  points; see Fig. 2.2-1 and discussion.)  Then, at s = 0  and 

s = L , 

w,   .   = w 
l.j 3,j 

w 

u,   .   = u 
l.j 2,j 

w 
2J 

'2.j 

0 

0 

NC+l,j           NC-l,j \Wi as 

UNC,j    ' UNC-l,j (for u = 0) 

WNC,j   = 0 (for w = 0) 

Vnn i   =  0 (for  v = 0) 

The term  v.   is extrapolated, 

For w  (or v) symmetric  (w' = wm ■ 0),  the third derivative terms require a dif- 

ference expression shifted one point to the right (or left for  S = L), and are as 

follows: 

^3 d w 

ds3 

S=0 

(W4.j ' 3w3.i + 3w2.j  - Wl.j> 

As3 

^3 d w 
^ 3 ds 

8=L 

(wNC-2,j " 3wNC-l,j "'" 3wNCtj " WNC+l.j) 

As3 

The equations for symmetric w  (or v) become 

Wl.j   " W3.j wNC+l,j   ' WNC-l,j 

^.j   = 3 (4w3.j " ^.j1 WNC,j   a: 3 <4wNC-l,j ' WNC-2,j) 

Symmetric  u  requires 

Ul.j   =   U2.j 
UNC,j   = "NC-IJ 
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Similar treatment for antisymmetric conditions yields for w (or v) 

and for u 

W2.j   =  0 ; WNC.j   =  0 

Wl,j   "  "W3,j ; WNC+l.j   "   "WNC-l,j 

Ul,j   " "U2,j ; UNC,j   S   "UNC-l,j 

In the fixed simple-support case, u = 0 and w = 0 at the boundary, which requires 

that 

Ul,j   = -U2,j : uNC.j   =  -UNC-l,j 

W2,j   = 0 : wNC.j   =  0 

In addition the requirement exists that  M .   = 0  at the boundary^  This relation forms 

a complicated nonlinear equation involving numerical integration (to find  M .   from 

stresses through the thickness) for the unknown quantity w. .  (or'wN_     .).   The 

regula falsi   method is used to find the root.   Initial estimates for w.  .  are found by 

requiring that the dominant term in M    (i.e.,   k    +   ^k ) be zero.   [See Eqs. (2.1,2d) 

; and (2.1.2e) for details.) 

Only a very few iterations are required to find a good value for w. . . 

I 
The free simple support used in SHORE is a modification of the v = 0 , w = 0 , 

N,   = 0, and  M    = 0 condition [Eqs. (2.3-1) through (2.3-4)],   Instead of setting 

w = 0 , the perpendicular distance from the boundary point (w ) to the axis of the 
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shell is kept constant.   Thus, if the shell translates in the axial direction (as in the case 

of a cone with free simple-support condition at each end), no changes in the shell configu- 

ration will take place.   The (translationally invariant) equation for w is 

u cos (t>  . „ 
—o,-^     + w  = 0 sin 

which becomes 

(u    , + u    .) cos 0 
w0 .  = -    i>J

0   . *'*  (2.3-5a) 2,j 2 sin 0 x ' 

for  s = 0 and 

(uNC-l i + UNC i) cos ^NC 
w^ .   = - 'i   ;    —^ — (2.3-5b) NC.j 2 sin 0NC ^ 

at s = L .    Equations  N.   = M    = 0  (together withEqs.(2.3-5)] are sufficient to 

fix the values of w-  . , u1  .. 

Here we have two nonlinear equations in two unknowns [after Eqs. (2.3-5)] have been 

absorbed] which must be solved numerically.   To this end, a generalization of the 

regula falsi is used which was developed by Gauss [ 14] and is applicable to sets of 

equations.   Although the method appears to be used infrequently and although a precise 

consideration of its convergence properties has not been carried out, the method seems 

to converge as well in many dimensions as the regula falsi (to which it reduces in one 

dimension) does in one.   The advantage over the numerical versions of Newton's 

method is that only values of the equations (and not its derivatives) are needed.   Coding 

for the regula falsi is in the subroutine ROOTS, which in turn needs SET to set values 

of the stress and moment resultants, STRESS to calculate these resultants, and LINEQ2 
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4 

r 

to effectively solve a set of linear equations for a possibly ill-conditioned matrix of 

coefficients.   In case of lack of convergence, the latest values of the unknowns (usually 

near zero for the displacement increments used in SHORE) are returned and a message 

as follows is printed out: 

TOO MANY ITERATIONS 

TIME = XX MILLISEC   II = XX JJ " XX NDEM = XX  KJ = XX 
XXXX, XXXX. XXX — 

for iterations exceeding a safety value preset in BNDCON, or 

ARGUMENT VALUES OUT OF RANGE 
L 

TIME  = XX MILLISEC     U = XXJJ = XX NDEM = XX KJ = XX 
XXX. XXX 

if the values for the unknown go out of a specified range (in BNDCON). 

Here XX xefers to printed values of specified quantities, time is the time step when 

the error occurred, II and JJ refer to grid points (do not include fictitious points ex- 

cept for free edge case; see Section 2.3), NDEM refers to the number of equations, 

and KJ is the number of iterations.   The numbers below these are the argument values 

and the function values, respectively.   For asymmetric runs, a few spurious points 

should not adversely affect the results. 

For all the above (non-free-edge cases), only one fictitious point is needed.   Basically, 

this results from the fact that the equilibrium equations do not need to be satisfied on 

the boundary for the clamped, simple-support, and symmetry conditions; indeed, the 

constraints imposed violate the equilibrium equations.   The true solution actually 

starts one point in from the boundary.   In the free case, on the other hand, the bound- 

ary is responding like the rest of the shell, and the equilibrium equation mupt be satis- 

fied there just as in the interior.   These equations are fourth order in w  L.id second 

2-21 

LOCKHEED  MISSILES Be   SPACE  COMPANY 



'S ^ 

LMSC-D244589 

order in u and v; hence, theoretically two fictitious points in w and one in u and 

v  are needed.   Thus, one additional point is added to the left (right) wherever a free 

boundary is encountered.   Unlike non-free cases, one of the fictitious points is treated 

as if part of the shell:   It must have a thickness, initial temperatures (if applicable), or 

any other quantity that would be required to extrapolate the shell one point beyond the 

boundary.   If the free edge is on the right (I = NC), this is a simple matter of adding 

one point.   If on the left, however, each input grid point for these quantities is dis- 

placed one point.   (Thus, pt. (3,J) for simple support becomes (4, J) for free edge on 

left.]   Note that for R, RP, and PHI, two fictitious points are required.   (See Sec- 

tion 3.)  In all cases, this free edge fictitious point is treated as a real part of the 

shell with real physical input extrapolated from the interior.   The plotting, on the 

other hand, is treated exactly the same, regardless of the boundary conditions. 

Two free edge choices are available, v restricted and  v not restricted.   The v = 0 

case is used primarily for axisymmetric jobs.   If the user assigns his axisymmetric 

run to the unrestricted free edge, the program will correct the mistake.  On the other 

hand, the v = 0 option is retained for asymmetric runs because of a possible cut in 

run time for cases where knowledge of v  is not important. 

From here on, only the left boundary will be discussed; the right is treated similarly. 

When v = 0 , the points in question are v    .  (I = 3 at the boundary), v.  ., w0 , , 

wi,j' Vr UIJ- 

The terms v,  .  and u..  .  contribute but little (just as in the case of v- .  for clamped 

case) and are extrapolated; v»  .  is set equal to  -v.  .   (which in any case is zero for 

axisymmetric runs), thus treating v as "antisymmetric•'; w2 t • wi i 

three unknowns for the three equations 

u    .  form 

N.   =  0 

M.   = 0 

(2.3-6a) 

(2.3-6b) 

aM 
QA + £L - ^N, 0     2 (r0sin</>)        0 00 
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at the boundary.   Because Eqs. (2.3-6a) and (2.3-6b) do not contain w. , , they can 

be solved for the pair of unknowns w    . , u0 .  using ROOTS.   Then, w. .  is solved 

using Eq. (2.3-6c) after  w» .   and u2 .  are known. 

In all cases, initial estimates for the unknowns w9 .   and u9  .  are taken from 

dominant terms in  M .   and  N. , respectively: 

w2,j     from     % + ueke = 0 

u2.j     from     ^ + Vö = 0 

The guess for w    .  is extrapolated. 

The unrestricted free edge is treated similarly, except one more equation comes 

into play: 

Equation (2.3-6d) is included with Eq. (2.3-6a) and (2.3-6b) for the unknowns   u    . , 
' > J 

v- .  and w,, .; u,      and v,  .  are extrapolated.   Because cross terms in 2,j 2,j      l,j l,j ^ 
Eqs. (2.3-6) weakly couple all terms around the circumference, these three equations 

must be solved more than once around the circumference.   They are solved for each J 

value one at a time around and around the shell until convergence is attained.   In prac- 

tice, only two rounds of the shell are needed; if the number of circuits exceeds three, 

the program prints out 

OUCH, IT HURTS, KITER IS GREATER THAN 3.   HELP, HELP 

and proceeds merrily along its way to solve for w.  .  from Eq. (2.3-6c) as in the 
i 'J 

restricted free case. 
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In the circumferential direction, a plane of symmetry exiets at 0 = 0 and Ö. , so 

that the displacement must be set as follows for all stations I along the length of ^he 

shell: 

• Symmetric loading 

Ui,l   = Ui,3 ; Ui,NBfl   = ui,NB-l 

Vi,l   =  "Vi,2        ; ^.NB   =  "Vi,NB-l 

wi,l   = Wi,3 : Wi,NB+l = ^.NB-l 

• Antisymmetric loading - Reverse signs on right-hand side. 

The displacement boundary conditions are set in the BNDCON subroutine at the entry 

point DBC.   Because the code actually computes displacement increments in u , v , 

and w called DU, DV, and DW in the code, these variables are seen in ENTRY DBC. 

CIRC computes the displacement boundary values for   0 = 0 and   6 = 6,. 

Entry SRBC is called after the stress resultants are calculated to set M     and  N 

at zero wherever applicable.   Fictitious values of the resultants also are calculated, 

but these values are needed only when the equilibrium equations are to be solved for 

w    .(wMri .) and v    ,(vMri .) , which include only the symmetry options.   All values 

are calculated by extrapolation, except for the case symmetric  v , w and antisym- 

metric u , whence Eqs. (2.1-2) also are symmetric or antisymmetric, resulting in 

^ij 03,j ^NCM.j ^NC-l,j 

0l,j           03,j                            0NC+l,j ^NC-l.j 

V   -   =  N6n . : Nö =  N0. l,j 3,j "NC+IJ "NC-l.j 

= Mfl ; Mfl 
=  Mi3 

l.j 3,j WNC+l,i PNC-l,j 
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1 
1 
i 

1 

1 
I 
I 
I 
1 
I 

\B, . = -V,,     '     N«e„_,, = -%0 
I,j r 3,J T NC+1,J T NC-l.J 

1,1        '   ','ö3,i *9NCtI,j '^NC-l.) 

For antisymmetric w . v ,  and sj'mmetric u , reverse the signs on the right-hand side. 

SRBC calls entry RCIRC which sets fictitious stress resultants according to the above 

symmetry condition for all points along the shell at  0 = 0  and   0. . 

Inhomogeneous boundary condi^ns can also be treated with SHORE.   For the axisym- 

metric case. input the axisymmetric free edge boundary condition; for asymmetric 

runs, input the free edge.   Two options are available.   Either the user can alter sub- 

routine SET (see next paragraph) or springs can be attached to the boundary.   Springs 

treated in the boundary routine calculate an externally applied force proportional to the 

displacement in the direction of the spring, opposing motion in that direction. 

These springs are inputted in the arrays KP(I,J) (meridional springs), KC(T,J) (circum- 

ferential springs), and KZ(I.J) (radial springs).   No bending springs are available. 

Springs on the left occupy KP(1, J), KC(1,J), and KZ(l, J) and on the right occupy 

KP(NDP+2+L.J) 

KC(NDPf2+L,J) 

KZ(NDP+2+L,J) 

where J refers to any position on the circumference, NDP is the number of meridional 

shell segments, and   L = 1  if there is also free edge on the left, and zero otherwise. 

If one wants to put an arbitrary force on the edge, he calculates these forces and makes 

sure their values are available to SET at statement 1251 (sequence No. 48), and then 

subtracts these values somewhere in the statement beginning with seq. No. 48 (meridi- 

onal). No. 50 (bending), and No. 52 (circumferential shear).   Radial shear information 

must be made available separately at or after statement No. 1256 (seq. No. 58), and 

the statement from which the force must be subtracted begins at seq. No. 59. 

2-25 

LOCKHEED  MISSILES &  SPACE  COMPANY 



LMSC-D244589 

Note that 13 = 1  on the left boundary and 13 = -1  on the right boundary; this indi- 

cates the side that one is on when both edges are free.   J refers to the point along the 

circumference, and COMMON/PIG/PI,G, TIME makes available the integration vari- 

able TIME (already available to SET) to user-supplied subprograms.   TIME is in 

seconds. 

The following example of change cards for SET is intended to show only one of 'he 

many ways a user can input time-dependent forces on boundaries.   Here, it is assumed 

that a function is supplied by the user as follows: 

FORCE (13, J, L)     =     force or moment at edge 

13 <  0 right boundary 

13 >   0 left boundary 

J  - point on circumference 

L  =   1 meridional force 

L   =  2 bending moment 

L  =  3 circumferential shear 

L   = 4 radial shear 

The changes in SET become 

@FOR,XS SET,SET,SET 

-49 

*-FORCE(I3,J,l) 

-50 

*-FORCE(I3,J,2) 

-56 

*-FORCE(I3,J.3) 

-63 

*-FORCE(I3,J,4) 

@MAP,S AMEN.AMENA 

@XQT AMENA 

user 's data 
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2.4   PLASTICITY 

Theoretical Development. 

Two plasticity formulations are available to users of the SHORE code.   The first is 

based on perfect plasticity, and the second incorporates linear strain hardening.   Be- 

cause the code accomodates orthotropic elastic properties, the plasticity theory is 

based on Hill's anisotropic yield function.   (Everything in this section is based on 

Ref. [31.)  For the two-dimensional shell under consideration, Hill's yield function 

becomes (a form proposed in Ref.  [2]) 

2 2       2 

^1        1   2     ff2     <T12I 

where 

a. = yield stress in the ^-direction 

a = yield stress in the 0-direction 

a.« = yield stress in shear 

Hence, anytime 2F exceeds 1, there exists a yielding for the perfectly plastic material; 

for the linear strain hardening case, Eq. (2.4-1) is modified slightly.   With the above 

definition at the yield surface, it is possible to derive the proper constitutive laws for 

the plasticity theories under consideration. 

At any point in the material, the total strain can be written as the sum of the elastic 

strain and the plastic strain.   Because the code computes increments in strain, the 

increments used will be in total, elastic and plastic strain, hence. 

öe1 =  öee + <5eP (2.4-2) 
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The code does not make this incremental formulation necessary; on the contrary, the 

plasticity theories are based on increments in plastic strain. The increment in total 

strain is known from the satisfications of the equilibrium equations, and it is desired 

to determine the increments in stress. 

For plasticity, it is known that the plastic strain components are normal to the yield 

surface and proportional to the stress increments.   This is expressed as 

öeP    -  u ¥^ i]       ^   8a (2.4-3) 
ij 

for the perfectly plastic case, where n incorporates the proportionality and stress 

increments.   Now the increments in total strain can be written as 

ö4 = E: (<5<T0 " ^ 6V + ^ \ ((T0+ bü$ -7rF9%
+ ÖV 

.ff2 1   2 

ö^0 = 2ü6^0 + "-T^e + ÖT^e) 

(T12 

►   (2.4-4) 

There are four unknowns -öa^ , öa^ . ^T , 0 ,  and x - so a fourth equation is needed; 

this is the yield function. 
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(2.4-5) 

Equations (2.4-4) and (2.4-5) constitute a set of nonlinear algebraic equations; to solve 

them exactly, an iteration technique is used.   From physical considerations, it is 

known that the correct ju is the smallest nonnegative positive number satisfying the 

above set of equations.   Consequently, the Iterative technique progresses as follows. 

First, guess /^ = 0,  then solve Eq. (2.4-4) for ^a. ,6a0 ,6T. fl,  and then determine 

the sign of Eq. (2.4-5).   Next, guess /i = 1,  solve Eq. (2.4-4), and then determine 

the sign of Eq. (2.4-5).   If a sign change has occurred, then 0 < /x < 1; if not, the next 

choice for p  is 2 times the last ^ .    When a sign change occurs, an interpolation 

scheme is used to find the exact value of /i  and 6a   , 6(70 , <5T . fl • 

For most cases of practical interest, an approximation can be made in Eqs. (2.4-4) 

and (2.4-5) to linearize the equations. Then, using Cramer's rule, it is possible to 

solve directly for foi.. öffa . ^T. fl , and ^. The only time this technique will produce 

a completely erroneous result is if yielding occurs on the very first time step. This 

is easily noticed because a zero stress is computed for the printout of the very first 

time step. To linearize the equations, all terms quadratic in stress increments are 

dropped.   Then, the following matrix equation is obtained. 
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> 

a\       al02 

> 

_1_ 

-2       ^ 

2G 

2T ^0 

'12 

2*e    _^_0 

^2     ai<T2^ 

IM 
^12 

6(7 0 

ACT, 

5T00 

^r 

Ö€ 
<A 

6e; 

= ^ 

öel 

2        2 2 

V. aj      (T2        12       (r12  y 
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For the linear strain hardening theory, a very similar procedure is used, but it is 

slightly simpler in that n is now known, and the stress increments are the only un- 

knowns.   For the linear strain hardening, we use the same yield function Eq. (2, 4-1) 

and the strain hardening is assumed to be of the form 

^ff = % + H^ff <2-4-7) 

where a    is the current value of the effective yield stress and H  is the strain harden- 

ing modulus,   (Note, the initial value of a    is equal to the effective yield stress based 

on the von Mlses' condition.) After first yielding the 1 In Eq. (2.4-1) is no longer used; 

Instead,   2F must exceed Its last maximum before yielding occurs.   By manipulating 

several equations In Ref. [3] it can be determined that 

2 

M   = ^ Ö(2F) 

where  Y = current value of 2F 

hence 

2 

-P   = A. /9(2F)\ :ij   " 4HY  ^a..   I ö^r,   = äüv  I TSr^l ö(2F) (2 4.8) 

In this formulation, quadratic terms In the stress increments are dropped and no exact 

solution has been programmed.   Before each solution, the portion of strain Increment 

required to bring the stresses up to the yield surface Is subtracted, so only the plastic 

increment of strain Is used.   [Note Eq. (2.4-8).] The following Is the resulting set of 

linear equations for the stress increments 
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2/2 2 

E,      flfl   4 3 .22 
0 Vi       ^^2      4(rlff2/J 

E ,       YH I . 2  2 0 \ 4(7^2 
> 

9    3 
2(7^2 2ff1(r2/J 

6(T, 

go /^^ö ^   gOT00 
YH 2 2 

2(Tl(T2a12/ 

6T 00 Of 0 

V. (Tn   /5(T,<Tfl 
-^  +     0   /       ^    e 

Efl     YH \ . 2   2 
0 \ 4(7^2 

r0 ^L 
o      3      9 3 
2a1CT2     2a1a2/ 

0 
_1_ 
E^ YH! 

Vg 
(7^2 

aolae74>e 
YHI   2   2 

g0T00 
6T 00 =  6e, 

and 

(2. 4-9) 

%   Wte     ^^0 
YH\    2 2 

^12      ^l^^^/ 
0 YH\   2   2 

^12 
o 2 

^l^W J 
öafl 

2        2 
J.  . fo      ^0 
2G     YH '     4 

a12. 
ÖT09  =  Öe 00 

Computation (Subroutine ENELST) 

The options in INELST are INPB = 1, 2, or 3.   Option 1 corresponds to a solution of 

Eq.  (2.4-9).   Option 2 corresponds to a solution of Eq. (2.4-6).   Option 3 corresponds 

to a solution of Eqs. (2.4-4) and (2.4-5)    The following nomenclature is used in INELST. 
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i: 

t 

t 
0 
t 
(^0 

DEPP = 6e 

DEPT = 6e 

DGPT = öe 

SSX 

SST 

TXT 

SZ2 

HB 

All, A12, etc. 

REXB = 1/E 

RETB = l/Ec 

REXNIIB 

RETNUB 

SIB 

S2B 

S12B 

MU ^ H 

YIELD = Y 

> 

T<p6 

H 

are the elements of the matrices 

'<P 

'12 

i 

1 

1 

1 
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2.5 SHELL GEOMETRY 

The basic shell element with the coordinate system and the stress resultants is shown 

below. 

and 
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The overall reference surface geometry of the shell is illustrated below 

where 

s 

r 

<t> 

arc length along the meridian, 

radius of the shell in the 0-direction measured normal to the shell 

midsurf ace, 

angle between the axis of the shell and r , 

radius of the shell in the Q -direction measured normal to the shell 

midsurf ace, 

angle defining the circumferential location 

The shell wall thickness is defined as d stance from the reference surface as follows. 
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For the one layer shell: 

«HtfsawS^ 

NEGATIVE 

POSITIVE 

For the two layer shell: 

OUTER 
LAYER 

INNER 
LAYER 

Rtft^Ct SOW*Ct 

NEGATIVE 

POSITIVE 

POSITIVE 

POSITIVE 

2-36 

LOCKHEED MISSILES ft SPACE COMPANY 



I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 

i 
i 
i 
i 
i 

LMSC-D244589 

2.6  LOADING 

Two loading conditions are available to the users of the SI (ORE code.   One is an im- 

pulse or initial velocity condition; the other is a radially directed surface pressure 

loading which, in general, represents a blast loading on a shill. 

The impulse condition is based on an impulse/unit area resulting in an initial radial 

velocity,  dw/dt.    This is implemented in the code by prescribing the value of Aw 

at the end of the first time step,   At.    From 

^ = t 
and 

I =  mAv 

is obtained 

Aw  = — m 

The value of I is specified in the input data, and the Aw is evaluated in the BNDCON 

subroutine at the IDISP entry point.   The formulation is 

Aw,,  = 
-IljAtg 

U Pfiy 

where the minus is used because a positive impulse is in the negative w direction. 

The pressure loading is based on an approximation to a planar blast wave traversing 

the shell as some incident angle,     ip,  (see illustration). 
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VELOCITY OF BLAST WAVE WITH 
RESPECT TO THE SHELL VELOCITY 

The formula for computing the radial pressure p    is, 

i/p^d + cos 0) + p^d - cos ^expUMtime- intercept timeAj (2 6. 1) 

where 

w peak windward pressure 

peak leeward pressure 

time value used to specify decay 

The pressure loading is computed in the subroutine SURLDS.   For points behind the 

wave front, the pressure is computed according to Eq. (2.6-1) and for points in front 

of the wave front, the the surface pressures are zero.   The following notation is used 

in SURLDS: 

PSI    = ip 

THT =  0 angle describing the circumferential location 
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XI     = distance from the initial contact point of the blast wave to the point on the 

shell at which p    is being calculated 

TJ     = intercept time 

VBT = distance the blast wave has travelled over the shell 

PZT - p 

PW    = p ■w 

TAU =  T 

Note that p.p., and T can be arbitrary along a meridian, but the circumferentia 
W        K 

variation is controlled by Eq. (2.6-1). 
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Section 3 

INPUT DESCRIPTION 

3.1   INPUT DATA INSTRUCTIONS 

Cards 1 and 2  (12A6) Heading Information 

(The first heading card is printed on the plots.) 

| Card 3   (1215) 

NDP - number of segments in the 0-direction < 30 - NFREE 

NDT        - number of segments in the ö-direction s 18 

NLAYS    - Number of segments through the thickness 

= 1 for one layer elasticity 

= 4 for one layered shell (NSL = 1), multllayered elasticity 

= 5 for two layered shell (NSL=2), multllayered elasticity 

KIMP       - Loading Code 

| < 0 surface pressures from subroutine SURLDS 

I 
1 
1 
1 
1 
I 

= 0 arbitrary impulse loading for each grid point 

= 1 1(0,0) = I0 sin (TTS/L) cos 0 0° s 0 £ 90° 

ITEMP 

= 0 90° < 0 < 180 

= 2 1(^,0) = I   sin (TTS/L) 0° < 0 i 90° 

= 0 90° < 0 < 180 

= 3 1(0,0) = I   cos 0 0° < 0 < 90° 

= 0 90° < 0 < 180 

= 4 1(0.0) = Io 0° 2S 0 < 90° 

= 0 90° < 0 < 180' 

- initial temperature distribution 

= 0 no distribution 

> 0 input distribution 
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IKP - springs In 0-direction 

= 0 no springs 

> 0 input springs 

IKT - springs in 0-direction 

= 0 no springs 

> 0 input springs 

IKZ - springs in radial direction 

= 0 no springs 

> 0 input springs 

IMS - extra weight distribution 

= 0 no distribution 

> 0 input distribution 

IAX - symmetry indicator 

= 0 asymmetric 

= -1 ring code (NDP = 0) 

= 1 axi symmetric (NDT = 0) 

NSL - shell layer indicator 

= 1 one shell layer 

= 2 two shell layers 

NON - Kinematics indicator 

= 0 linear kinematics 

= 1 nonlinear kinematics 

In this and all subsequent cards, NFREE = number of free edges (0,1, or 2) in 

problem. 

Card 4 (1215) Boundary Condition - KBC (10) 

KBC (1) through KBC (4) apply to the boundary at the left side of shell,  S = 0 . KBC (5) 

through KBC (8) are exactly like KBC (1) through KBC (4), except that they apply to 

the right side of shell, S = L .    KBC (9) and KBC (10) apply to   0 = 0°   and  6 = THD, 

respectively. 

3-2 

LOCKHEED  MISSILES ft SPACE COMPANY 



LMSC-D244589 

The only permissible values for KBC (1) through KBC (8) are shown in the following 

table. 

KBC's Boundary conditions to be specified 

12 3 4 (S symmetric and A antisymmetric in u, v,w) 

1111 clamped edge 

13 11 simple support (no u displacement) 

13 12 simple support (no edge meridional force) 

13 13 free edge,  v constrained (used for axisymmetric runs) 

13 14 free edge,  v free 

2  113 S w, v A u (use when case to be solved has plane of symmetry) 

12 2  1 A w,v   S u 

2  12 1 S w,u   A v 

2  111 S w   A u,v 

2  12 3 S u,v,w 

12 11 A u,v,w 

12  13 A w,u S v 

12 2 3 Aw   S u,v 

For KBC (9) and KBC (10) 

= 1  symmetric u,w and antisymmetric v 

= 2  antisymmetric  u,w and symmetric v 

Card 5 (1215) Print out flags 

IU - meridional displacements 

IV - circumferential displacements 

ISX - meridional stress 
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IST - circumferential stress 

ITTX - shear stress 

IEPX - meridional strain 

IEPT - circumferential strain 

IGXT - shear strain 

IP7T - radial pressure 

IPPT - meridional pressure 

IPTT - circumferential pressure 

If = 0  no print out of indicated quantity 

* 0 print out of indicated quantity 

Card 6   (8El 0.3) 

X - length of shell in 0-direction (arc length) (in.) 

RHO - density of shell wall (lb/in. 3) 

NUP - 0-direction Poisson's ratio 

NUT - 0-direction Poisson's ratio 

THD - angle of terminal boundary (deg) 

LMD - damping parameter (lb-sec/in.  ) 

Card 7   (8E10. 3) 

EX - elastic modulus in 0-direction (psi) 

ET - elastic modulus in 0-direction (psi) 

GG - shear modulus (psi) 

51 - yield stress in ^-direction (psi) 

52 - yield stress in 0-direction (psi) 

S12 - yield stress in shear (psi) 

ALPHAX - coefficient of thermal expansion in 0-direction 

ALPHAT - coefficient of thermal expansion in 0-direction 
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Card 8   (2E10.3)I5) 

SZ - effective yield stress (psi) 

H - strain hardening slope (psi) 

INP - 1 for strain hardening, 2 for perfect plasticity and 3 for "exact' 

perfect plasticity 

Card 9   (3 Lio. 3) (all positive numbers) 

SIC - compressive fracture otress in 0-direction (psi) 

SIT - tensile fracture stress in ^-direction (psi) 

S2C - compressive fracture stress in 0-direction (psi) 

S2T - tensile fracture stress in 0-dlrection (psi) 

S12S - fracture stress in shear (psi) 

Card 10  (8E10. 3) Only used for 2 layer shell 

EXA - elastic modulus in (^-direction (psi) 

ETA - elastic modulus in 0-direction (psi) 

GGA - shear modulus (psi) 

S1A - yield stress in (^-direction (psi) 

S2A - yield stress in 0-direction (psi) 

S12A - yield stress in shear (psi) 

Card 11   (2E10. 3,15) Only used for 2 layer shell 

SZA - effective yield stress (psi) 

HA - strain hardening slope (psi) 

INP A        - 1 for strain hardening, 

2 for perfect plasticity 

3 for "exact" perfect plasticity 

k      outer layer 

-J 

outer layer 
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Card 12   (8E10, 3)  Only used for 2 layer shell 

S1AC - compressive fracture stress in </>-direction (psi) 

S1AT - tensile fracture stress in (^-direction (psi) 

S2AC - compressive fracture stress in 0-direction (psi) 

S2AT - tensile fracture stress in 0-direction (psi) 

S12AS - fracture stress in shear (psi) 

outer layer 

Card 13   (8E10. 3) Only used for 2 layer shell 

RHOA - density of shell wall (lb/in. 3) 

TA - thickness of shell wall (in.) 

NUTA - 0-direction Poisson's ratio 

NUPA - 0-direction Poisson's ratio 

outer layer 

Card 14   (8E10. 3) 

- I   for impulse distribution (psi-sec) IMP 

VB - relative velocity of blast wave front to shell (ft/sec) 

PR - angle between wave front and shell axis (radians) 

Card 15   (8E10.3) 

DT - integration time step (sec) 

TT - total time (sec) 

PRINT - printing time intervals (sec) 

ESPT - time left in run before plotting will start (sec) 

Card 16   (E10. 3,15) 

PLT - plotting time intervals (sec) 

NPLT        = 0 no plots 

= 5 miniature plots only (3 per frame) 

= 7 full and miniature plots 

= 8 full frame plots only 
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Card 17   (8E10.3) 

R(l) - (radius - the distance from the axis normal to the shell wall)(in.) 

(1) If positive R is constant 

(2) If nonpositive R is a variable and each value is input (sec below) 

RP(1)        - radius of shell in (^-direction (i, e. for a cylinder or cone use a large 

number like 1010)(in.) 

(1) If positive RP is constant 

(2) If nonpositive RP is a variable and each value is input (see below) 

T(l) - thickness of shell (in.) 

(1) If positive T is constant 

(2) If = 0.0, T is variable in (^-direction only and the Z array must 

be read (see below) 

(3) If < 0 ,  T is variable in 0 and 0 direction and the Z matrix must 

be read (see below) 

PHI(l)       - angle between R and shell axis (i. e. PHI = 7r/2 for a cylinder) (radians) 

(1) If positive PHI is constant 

(2) If nonpositive PHI is a variable and each value is input (see below) 

Cards 18 through 27 require special attention if a free edge is used.   The shell has one 

fictitious point (or two, if two free edges are used) outside the shell which must be 

treated in every respect as if they were part of the shell itself.   This includes tempera- 

ture distribution, for example.   Thus, if a free edge on the left is called for, TXTL 

(L,I,J) with values starting with I = 1  at the left shell edge becomes TXTL (1,1■!• 1, J), 

and TXTL (L, 1, J) becomes the fictitious value needed for the boundary condition routine. 

(See Section 2.3.) 

In addition. Cards 18, 19, and 21 need one more fictitious value.   For all but the free 

end conditions, this means that one value beyond the boundary of the shell is needed for 

the boundary value ro itu.e.   For free end conditions, two fictitious points beyond each 

free boundary are needed. 
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Card 18  (8E10.3) Reads NDP+3 values of R if R(l) < 0.0 

Please note that the first and last radii will be past the ends of the shell.   You must 

input a fictitious point beyond the ends of the shell.   Just extend the shell and compute 

the  R as if the shell were really there.   These values are needed for the boundary 

condition computations. 

Card 19   (8E10.3)  Reads NDP+3 values of RP if RP(1) < 0.0. 

Please note as in Card 18 a fictitious point is required at each end of the shell. 

Card 20  (8E10.3)  (Thickness of layers) 

If T(l) = 0. 

NDP+1+NFREE values of Z(1,I,1), 

NDP+1+NFREE values of Z(2,I,1), 

NDP+1+NFREE values of Z(3,I,1), 

NDP+1+NFREE values of Z(4,I,1) are read . 

only for the 2-layer shell 

If T(l) < 0.0  (Matrix Format) 

NDP+1+NFREE, lvalues and NDT+1, Jvalues of Z(1.I,J) and Z(2,I.J) and Z(2,I,J) 

(plus Z(3,I, J) and Z(4,1, J) for the 2 layer shell) are read with the matrix read routine. 

I is the 0-index 

J is the ö-index 

(Note: fictitious points needed for free edges only.) 

Card 21   (8E10.3) Reads NDP+3 values of PHI if PHI(l) < 0.0 (radians) 

(All fictitious values required.) 
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Card 22   If KIMP < 0 

reads (8E10,3) 

(PW(I), 1=1, NDP+1+NFREE) 

(PL(I), 1 = 1, NDFH+NFREE) 

(TAU(I.) 1 = 1, NDP+1+NFREE) 

If KIMP = 0   (Matrix Format) 

reads IXT (I, J) - psi-sec for each mesh point 

(Free edge fictitious values only.) 

Card 23   (Matrix Format)  If ITEMP >  0 

read TXTL (L,I,J) - initial temperatures for each point including thickness.   (L = 1 

inner fiber) 

(Free edge fictitious values only.) 

Cards 24   (Matrix Format) If IKP > 0 
q 

reads KP(I,J) - meridional springs (lb/in. ) 

(Left and right free edge fictitious values can be u^ed to input spring boundary condi- 

tions . Input 0 for left and right free edge fictitious values if no boundary springs are 

desired.   No fictitious values needed for non-free boundaries.) 

Cards 25   (Matrix Format) If IKT > 0 

reads KT(I,J) - circumferential springs (lb/in.  ) 

(Same as Cards 24.) 

Cards 26   (Matrix Format) If IKZ > 0 

reads KZ(I,J) - radii 

(Same as Cards 24.) 

3 reads KZ(I, J) - radial springs (lb/in.  ) 
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Cards 27  (Matrix Format) If IMS > 0 

reads XMS(I, J) - extra weight (lb/in.2) 

(Free edge fictitious values only; input data required, but the values are not used in 

the computations.) 

Cards 28, 29, and 30 an not read if NPLT = 0. 

Card 28  (1215) Plotting Flags 

NPW - Number of radial displacements to be plotted 

NPU - Number of meridional displacements to be plotted 

NPV - Number of circumferential displacements to be plotted 

NPEMO - Number of outer fiber meridional strains to be plotted 

NPEMI - Number of inner fiber meridional strains to be plotted 

NPECO - Number of outer fiber circumferential strains to be plotted 

NPECI - Number of inner fiber circumferential strains to be plotted 

NPETO - Number of outer fiber shear strains to be plotted 

NPETI - Number of inner fiber shear strains to be plotted 

NPSMO - Number of outer fiber meridional stresses to be plotted 

NPSMI - Number of inner fiber meridional stresses to be plotted 

NPSCO - Number of outer fiber circumferential stresses to be plotted 

NPSCI - Number of inner fiber circumferential stresses to be plotted 

NPSTO - Number of outer fiber shear stresses to be plotted 

NPSTI - Number of inner fiber shear stresses to be plotted 

NPMM - Number of meridional moment resultants to be plotted 

NPMC - Number of circumferential moment resultants to be plotted 

NPMT - Number of twisting moment resultants to be plotted 

NPNM - Number of meridional stress resultants to be plotted 

NPNC - Number of circumferential stress resultants to be plotted 

NPNT - Number of shear stress resultants to be plotted 

The sum of the flags cannot exceed 300.   That is, only 300 unique plots can be made. 
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Cards 29   (1215)   NL-Plot Array 

This reads in the mesh points at which the variables indicated on cards 28 are to be 

plotted. 

For example, say NPW = 2 and all others are zero. 

NL(1) = <f) mesh location at which the first w is to be plotted 

NL(2) = 0 mesh location at which the first w is to be plotted 

NL(3) = 0 mesh location at which the second  w is to be plotted 

NL(4) = 0 mesh location at which the second  w is to be plotted 

3. 2   MATRIX FORMAT 

Data Card Format (3I3,6E10. 3) 

NR - row number 

NC - column number 

NL - layer number 

^R.NC.NL 

NR.NC+l.NL 
kNR,NC+2,NL 
kNR,NC+3,NL 
kNR,NC+4,NL 
kNR>NC+5,NL 

6 values in row NR, layer NL, and 
starting with column NC 

For a two-dimensional array NL = 1 

A BLANK CARD OR ZERO ROW NUMBER 
TERMINATES INPUT OF THE MATRIX 
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3.3   DIMENSION CHANGES IN SHORE 

The standard dimensions of the code are set up for a maximum of 

NDP = 30 

NDT = 18 

NLAYS = 5 

If a ring problem or axisymmetric loading case with a finer mesh is desired or some 

other arrangement of dimensions, this can be changed easily.   The following parame- 

ters are to be used: 

NA = NDP + NFREE + 1 

ND = NDT + 1 

NF = NA + 2 
NG = NDT + 3 
NH = NLAYS + 1 (NLAYS = 1, 4, and 5 only), 

where NFREE = number of free edges in the problem. 

The following control cards for the 1108 EXEC 8 are needed: 

@PDP, LFb, TRY TRY 

-66,66 

PARAMETER NA = XX, ND = XX, NF = XX. NG = XX NH = X 

PADD, P CHNG 

Element CHNG, which resides on an ELT symbolic element in the SHORE program 

packet, contains the following control cards which are executed when the ADD, P CHNG 

is encountered: 

@FOR BNDCON,BNDCON,BNDCON 

mOR CIRC, CIRC, CIRC 

(a)FORSET,SET,SET 

@FOR STRESS,STRESS,STRESS 
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@FOR SAVE 1, SAVE 1, SAVE 1 

@FOR INELST.INELST.INELST 

@FOR PLTNG. PLTNG, PLTNG 

@FOR PRNT.PRNT.PRNT 

@FOR RDINPT. RDINPT, RDINPT 

@FOR SHORE, SHORE .SHORE 

@FOR SURLDS.SURLDS.SURLDS 

Each of the programs in this list is recompiled to change the dimensions, 
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Section 4 

SAMPLE PROBLEMS 

4.1  AXISYMMETRIC ELASTIC-PLASTIC CYLINDER 

This is a relatively simple problem that illustrates the strain hardening plasticity 

option and the fracture criterion.   The geometry material properties, and modeling 

of the shell are described below. 

Shell Geometry: 

radius =  3 in. 

j length =  6 in. 

simple support boundary conditions loading, axisymmetric and uniform = 0. 058 

psi-sec (impulse) 

Material Properties 
a 

modulus  =  10. x 10   psi 
3 

yield = 40. x 10   psi 
g 

strain hardening modulus = 1. x 10  psi 
3 

fracture stress  = 60. x 10   psi 

Modeling: 
—fi 

20 segments along the length, time step = 1 x 10     sec 

The first listing illustrates the data cards; the second listing illustrates the printed 

output followed by the plotted output. 
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4.2  ASYMMETRIC CYLINDER (NONLINEAR ELASTIC-PERFECTLY PLASTIC) 

This sample problem is slightly more complex then the proceeding one because the 

loading is asymmetric and the code is slightly modified to take advantage of symmetry. 

The object of this computation was to compute the permanent deformation of a cylinder 

tested by SRI [13].   The loading is uniform along the length so the problem is symmetric 

about the midplane.   Therefore, the shell length is input as half the actual shell length, 

and the boundary conditions are specified as symmetric at the midplane.   In addition, 

the subroutine BNDCON is modified slightly so that the stress resultants also obey 

the symmetry conditions at the midplane.   This is seen in the listing of the input data. 

The modification to BNDCON is not absolutely necessary, but from experience it has 

been found that this produces a more accurate satisficatlon of the boundary conditions. 

This illustrates the philosophy discussed in Section 1 that one must study the answers 

obtained and be prepared to "nudge" the code into the best solution obtainable. 

The shell geometry, material properties, and modeling are listed below. 

Shell Geometry: 

radius  = 3 in. 

length  = 6 in.  (actual) — 3 in. (input) 

clamped boundaries at x = 0 

symmetry at x = L/2 

loading impulse   =   0.122 cos 0 ~ psi-sec (0 ^ 0 :£   7r/2) 

= 0   (7r/2 < 0 < TT) 

Material Properties (Elastic-Perfectly Plastic) 

modulus =  10. x 10   psi 

shear modulus  = 4. x 10   psi 
3 

uniaxial yield = 45. x 10   psi 
3 

shear yield = 26. x 10   psi 
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Modeling 

10 segments along the length 

18 segments along one half the circumference 
—fi 

time step = 1. x 10     sec 

The first listing illustrates the input data cards.   The second listing illustrates the 

printed output (not all the print out times are shown) followed by the plotted output. 

4-3 

LOCKHEED  MISSILES &  SPACE  COMPANY 



LMSC-P244589 

o 
♦ 

in 
m 

in 

Q 
O 
o 

Ui 
r 

to 
a. 

«-KM 

in •  • v. 

in 

♦ 
o 
♦ 

Orl OO 

-o» 
o 

y a 
a a 
ui a 
I a or 
u 3 

■f 

o 
♦ 

« 

Cl 
♦ 

•» 
in 
o 
♦ 

« 

n ~t 
•v v • 

OK • a t» a M 
mo - - . • o 
mxui -^< -nj .n«) 
oinac •< t- oj t- 10 »- ■« 

-inz:  «z • z -M 
Ul w        (M 

U. 
Q. 

(J ■ 
».      r-' »^ r> K.      «-i 
a i •         - - 
ui v     <o m 
r ♦      ♦ « 
£       r\rlr1       « <0 IO <0 
>- O r>3 o o 
(rt — ♦ ♦ ♦ i 

XM 

UI    • 
tt Ui 

zo 
MX 

Ifl 

o  • o a     o 
T4I-I <C «M        »1 
♦ ♦ ♦ ♦     ♦ 
O Kt IO O -O 
ao o oo 
+ + + II 

BC O OKI o 
o •« 
11- 
ai a» 

4 o m 
_IOT4 r«   • O 

U_l(JL>LÜUUJUüJQa.li.Uit-       UI(M <o    *    •    •    • 
ouiMWiMMi/iwcao-oaca oo o      •• 

• ••••••••••••• ♦ ♦♦     «« 

•-^-^-K^^-ln^-K\«lt>z■ 

(/i ui O) cfi iß t/i (/> u; ui x IK t/) ir, i/> i.. i« j) tn to tn i/j 
UlUAUIiAlulUIUIUJUiUjUJUlUllUUiUlUlUJUJ Ui ui 

O       rKOrlo^KO I I I I T 11 I X I I I X X I I I X X I X 
OOOOUUOOOOUOOUOUOOOOO 

w tn -n '/> ^ ? ■? T z sr 2 ? ~ T  » ■» ? .^ ? 3 7 T ;r » s 
UJUiuJUl—•—-•——•-••-—•-•-•■-•-•-'—-«•- — •-••—— —• 
X I I X 

o     w«-irii-ii-t>4riuoouirvmmmo4>inuo«moo4)incjuomoo 
Z Z Z Z »<►. «»4   ••••••-•-•••-•-  -- 
■"•►•■-i«-«  - • • • oo «-m oo r-m oo ^it oo t-ffi o 

« O O »HIO 
f^ 0 4>tnn UHHHHHHHHiiUHUUHItH 
O* <r4r'1WIOWKIr«....HH|lH 
P» ^1       <H      r4       rIO O rlia XX XX  XX XX XX XX XX XX X 
m x x x x 
• mumm »-Kl-t-l-l-l-KI-l-t-t-l-t-l-l-r- 

« Tl rlT4<-lr4«-< rlX X XX   4 4 4 4 
*.***•£*      *     4.    *    4   4    *    *    £     *     4    V\ 

Ht-l-K-»-l-»-f-~««"-—.— — — — — -••--. — ~-.W 
«««4?7Z7«««4«'«<'«««««<4«'4Ui 

ui aiui UJOC Kar x xat cc x a tr [£ a: ct a: at x or 

• Z Z 2 Z UJ Ui Ui Ui U3 M tO 1/1 (A (A (A 1/1 M U) U> Ifl Jl (/l I/] (/) (O 
UI UJUIU1 O UO O 

UJUIUIUI _i_»_»-Jocirior»r-.onoooaotjotjo 
o«    I-I«HTHTHI-I<-I HO ouuii.a.a.a.irKa(Eac(raaciracir(E(ia:ceErcE 
<-• <«<« m u) m i/i ui ui UJ ui ui u) ui ul •-• •< •-• ~ •-•■-•■-••-• ui 
♦ _i _f_i_i-• — — — x Es: x XT x E u oo oo ao os: 

a. a a a rt oo o 
(AM(A(A or oc a or or a: at (r a a at cr a ir a: or QC 

■ m     o     m v4io wm «^m^^ »«»«*« j _l _i—lui uj ui ui ui ui ui ui ui ui ui uiui ul ui UJ ui 
«4    <4    ri   a o a a « 4-< ■< ob di ia in GQ m oa in in i£ in til m d) m ir co 

_|_|_J_|COOCu.U.U.U.U.U.U.U.U.UU.U.U.Ü.U.U.U. 

HrHT4i-!H>-iTH«—^-«ciiiQCKnciraeQcacxtEiriaiacxQcococQC 
c ccc**»4»«*M*uiuiiijuiUiujuiuiuiuiuiuia«uiuiuJhiJ 
^•«•«■«acirKoei-i-^-i-zzzzi-i-i-i-zzzzi- 
ira:zKuiaiujaUJUJ>2zz^J3J3^iriez^ 

sisxzoooo—•—■-•-»oooo-«-« — «o 

oooaooooowww-Hri ww ««^ ««M MM N IM CM 
«DiOiOia mio IOIO .CHO IOKS toto oia izna oo iota iota IO 

'.-I 

LOCKHEED  MISSILES & SPACE COMPANY 



-s 

LMSC-D244589 

05 (C IflUIWt/lieWMI/K/llAI/IMW 
UIUI uJUlUIUlUIUIUIUlUIUIUIUIUi 
ZX XZXXZZXZXXXXX 
uu ouoouuuoouuou 

«lAoooiAoo'Oinoo'Omo 

o^tra oo wrv oo rtrt oo wn 

xxxxxxxxxxxxxxx 

<r v ir. m ir. in it tn v ui y> u> m m ir. 
M(O(AI/IMMMMMMWMMMI0 
Utlli ullillillillllUllilUJlUUfUIUJUJ 
KXaiKaKCeacKKOCKKKK 
»-»-»-»-»-»-»-»-»-•-►-»-»-»-»- 
UIIAIAMUIMMMMMMMMMUJ 

nnooannuuuouuou 

rz: rsrxxriruouuoooo 
«KiriKirKKKaKtcffKacE 
ujui lüuiuiuiiiimuiiiiuiikiuiiiiui 
CO A (B CO A A Cfi flD CDdD 0310 Ifi 40 CO 

U.U. U.U.U.U.U.U.ü.U.U.U.b.U.U. 

aarcraccraKKaccKaKecar 
UJUJ U^UJUJUJUIUIUJUIUIUJUJUIUI 
»-►-»-ZZZZK»-»-»-ZZzz 
J3^J!ZZ4:^J33Z2Z2 
00 0*-*«-«»-***0000»-»'-»*-«»-« 

NNOI K« « K» l»\ W1*» It f«»»» «!•»•♦ 
(OO «5 IOIO IOO ICMO OO CMO IOIO 

\ 

> 

4-5 

LOCKHEED  MISSILES & SPACE COMPANY 



LMSC-D244589 

a. 

o 
♦ 

a * 
o 

•-■  —■CJ 

a. a • 
rv i/, 
o o 
•» ♦ 
o o 
o M IA 
W (M O 
-  • ♦ 

o 
o « 

c 

o 

^i o 
•w o 
o o 

o  m 

^ T 
►- 
m 
X 

>- u 
in '- 

Ui 
a u 
o — 
x *- 
IAIA 

ul 
I 

it 
O O « rt I" o 
(M 

o o 
♦ ♦ 
o o 
C C It 
-I «• o •   • « 

o 
o 
•o 

Ui 
tu« in 

• Ui o o 
r IT ♦ ♦ 
—• o(3 o a 

OLÜ «"JO« 
• mow «r 

■3  •      •   - </i 
o    m 

-V       o ►- 
ZtL       ♦ »- 
•- J      o « 

O O 

c-i r>     « • x 
- • •    ►-»-•• 

M   X  X 

.0 
-•Q. (/) 
a r^ 

o 
iA* 
oo 
♦ a 
Or* 
o • 

o 
o 
o 

o 
o 
o 

* 

u 
Ui 
in 

O -UJ 
UIO ? 
l/IUi  < 
» u> — 

in»- < 
a u. J: 

O C 3 

<   a^Ci — 
*-       2 Z 2 »■ 
Ui    o o c < 
X       U  UU IT 

io >■ in 
« «rat UI_I >- z 

■ nr 

i- r. 

»-r-ui «w «xt-o     —• 
_i j>-o-ii:t-~iW ui»- 
u) ui «« ^ Ja umio 
O O-IZ30. UIZZ — 

O Z Z UIUIO 
zzzdixK-taa. 

M 
m 
(A 

— I/}«C 
_| uiUi 
z. & a 
owt- 
C  UJOJ 
z ac 

t- Ul 
UMK 

3 
.     O»- 
in _iu 
-«UK 
_»—«r 
ui> u. 

■ r4    ' 
IT V) 
3 U. 

•/> -I 7 U 
wr; out 
ui n «-c 
OCOK O 
»---■« 

M      _IZ 
11 -> cv 

QZ Z — 
_i-. or vi 
aiZO? 
— ui u. ■« 
> cj    a. 

a > x 
uj «>- UJ 
> x — 

»-<•-«•« 
o-.»-z 
ui ««no- 
ita -«UJ 
U.»- _IZ 
MlUKk.*- 

(0 
ir oo 
o oo 
• nc 
oo 

II    M   II 

Ul Ul 
Ul _l 
-IVI3 
Zi*- z 
a.— < 
xo 
—«O Ul 

-I o 
ZUIZ 
J >Ui 
T a •-•m •-» 
X >u 
■« -« z 
z:« — 

UJ 

a 
< 
o 
o 
ul 

3 O 
a ♦ 
i; o 
•" o 

•    ■    •     (V 
o o o   •  • 
lllltl III «1 
MM M u; 
o •- o o> 
oc _ia o 
O _J o u 

7 T  1   *~ -W 

a oo     •- 
ooaor> 
a =>o o 
o oo o»- 
-)<M T r» (T 

UI 

c 

t- U) «• 

If, 
Ul 

u 
Ui 
o 
o 

o 
z 

4 
a 

if. (MM 

■   ■ ■ _i 
II "- 

L,UJ ul 3 
ZZ Z UJ 

»- « ^: »-»- 
_ll- «OO 
uio a -i -i 
a»- 0.0.0. 

UJ 

«J 

o 

a 
»- 
UJ 
z 
z 

W) 

X « 

in «>• 
Ui 

-^ — >■ ¥- > ^- 
^* J:     _. _, 
on r 

y-      c»     o «w 
>• ►-     »- >     t~ 

i» uin •-     -i — 
L. I oar     oz 

ui      n  r.      n 
K O»- »- 
r •« .-' o »- 7* 7 
ui _i.- l/i 3 — »* 
» a n- iu c »• •« 
ui M a. at a. a: 
o •-    »-1-     *- 
« OMM Z ZM 

i      m      •- — 
a. _i ui -i tr ■■» _i 
in «a « a a < •- —»_ «      »_ — 
n »- in »- iA in t- 

z     z w     i: 
-I Ul _IUi Ul -lUi 
< X «K Z «Z 
z ul z ui K z at 
O U. O U. M O U. 
•"• x »«a.     —x 
0303 OC 03 
.- tj — O «I •- u 
or or tr or ui a cc 
UJ —UJ x X Ui» 
Z OZ UMZU 

4-6 I 

LOCKHEED  MISSILES & SPACE COMPANY 



LMSC-D244589 

ooooooooooooooooooooooo 
oooaooooooooooooo o o o o o o 
O O O o O CfC OOOOOOOOOO OCOO'OO 

a o o o o oo oooooaoooooooooo 

IIMO in tn m mm iAminminKMnii\UMnir\inmmuMA 

a 
a 

eg «\« r. N 

♦ ♦ 
oo 
O o 
3 o 
3 o 

■/ 

•♦ ♦ 
o o 
o o 

o o 
o o 
■_) o 

(VJNNrMtvlNNMNNMMNfViCM.'MNNIM 

Ti c- 

aoooooooooooo 
0000000300000 
Doaoooosooooo 
oonoooooooooo 
O 30 0 3 00000030 
O O r"> c :■ r-i O O O CJ tj» c> O o 
tzc ? _-> ;_. ^i ^ o o o o 'j -■ 

•» ♦ 
o o 
o o 
3 3 
O 3 
ao 
O -J 

♦ ♦ 
o o 
a o 
o o 
3 3 
3 O 
(_• o 

♦ ♦ 
O CJ 
o o 
o o 
o n 
a o 

0 H n 
>      -1 •- 

<>. o cc 
0 

K I- 
<>• - y Ul 

o —a 
i-     nr -» 

.-. ai uu 
t- nr -r f 
r x - x 

ar ui in -i 
a a u. « 

* 10 a ►- 
•- U5       Z 
< UJ  _1 u 

»- a ^ JJ 
u>    o u. 

_i—a. 
QC ■« 03 
1 ~ »- o 
ui Q or or 
I « Ui'- 

oooonoooooooooooooooooo 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦•»♦♦♦♦♦♦♦♦♦ 
0<_)OOOÜ0003CJCJOOOOOOOC)C_OC/ 
3-13 3   nT3-13n30033030 3 333  3 
3 O O o C  3 O O  - O O O O O O O C  C> C' O O 3 C-' 

- . » t   '        , I I ■ . . I    .    I    .    i      .. i   1 ■. 
oooooooooooooooaooooooo 
0wC00wCw33Uw03CCiCjCl3Ct3CiCJ 
OOOOOQOOOOOOOOOOOOOOOOO 

rlT-l«-I^T4^4r4<-l^<rt(M(MCM(M 

J) 

O 

o 
o 

4-7 

LOCKHEED  MISSILES &  SPACE COMPANY 



LMSC-D244589 

rl r< wt 
CJ r> O 

JJ o o o a c 
rr  c. r. € • o c 
CJ C 1  i. 1 •-• Ci c 

ir 'p ir  •" 

o o o o o o 
•  1 1 1   1  1 
_;  .J - W     '   '     -J ^ _' c w   W   1  
o o o CI o o o c-i .-> o o o 
o oo o o o o Cl Ci o o o 
Ci "^ ^ o o o o o o n o o 
*.   J c o o o c U C c* c c? 

iTi ü^ J\ IO ir ir o ' 1  ■ • .' -i i_i 

1    1    1 

o o o rj n n 
III ill 
ooo ooo es a o aoo 
<J j o a cj i-i fJ j J 'I ci o 
fJ O O CJ o o ooo ooo 
"^^•O 3a-3 .1-1   J n->-i 
000 ooo ooo ooo 
J. T.jy iP ir\ tf\ '_-  _» _ "i ^ ^ 

1 I  I 

OUOOUUCJO 
■   riiiiii 
oooaoooooaooaocjo 
CJ CJ C- U C   O C  C C C    i^ C C  O C   O 
OOOOOOOOOOOOOOOO 
cjociaooocjooctJCicicjcj 
f T r T o r.i CJ i > a r,i o n 11 r3 c J CT o to 
•A i* rf  m in IT ir r c. ci c:i r' *J c< c. o 

till 

T-tC     r-««    W   O 

»S rt »H -4 «H wH ^t ^ 
C> Cl O CJ O «J C ) O 
lfllt>tl 
OOOOOOOOOOOOOOOO 
OOCJOOOOOOCJCUOOOO 
o o o o o o J d o o o o c :; o o 
ocoooooooanooooo 
ir. x u mir« ir IT ir o o o o o n o o 

WO   «HtO  i* <* ** 

o 

fr 
I- 

c. 

IT 

T 

oooooooo 
■   I I  t  t  t  I   I 
OOOOOOOOOOOOOOOO 
0 O Ci O O C"» O CJ O ^J  I> ^J Cl ^# O O 
oococci-iooooaoooo 
-D   -1 -> -I -1 Tl   ")  -1   T   "»   ")   T !3 ")   3   -> 
{". 'J "    i _j c' -j C' ■ ':> ci c- o _i ^ 
if  if. «i« if« .rv »Ti tr. ir ■    ■   •    , 

1 I   I   I 

i^irt»<t\;iv;(MMn«nKiio»«»« 

r4H   rt »< r4 H H 

O OOO O O      >        ri 

II   II    II    II    II    II   II   II   II   II   II   11 

II 

a 
7 

H   li   H  3 — o "-• O •-• O -^ O —• O — 
rr ij Lit- t- r r a u t- t- T OKX O»- 

33>ujuJuiUJiiiuii/)i/>ui(AMU)c z:i:zzz 
0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 
"Z ^ * ■* ■Z 7. 7 T T T 7 T-Z ■* ■^■X ^ Z3r 7 ^ 

J 
.z 

«O    «-t«   <H « r4 

4-8 

LOCKHEED MISSILES  &  SPACE COMPANY 



-~^r 1 

LMSC-D244589 

o 

•4 M 
O O 
♦ * o « 
♦ N 

N 
O 

«4 (N «4 n 
O O O o * • ♦ • 
O • c « ••• t» '«« M 
N N n\ <M • 

1 

T4 IM H IM 
O O o O 
♦ 1 ♦ 1 
O • o •» 
S «M • N 
W M • f» 

•! 

I 
I 
I 
I 
I 
1 
1 
1 

v 9 op 
UID 

om 

Ul 
T 

m* M «4 IM 
O o O O 
♦ • « t 
o ♦ O « 
•t n «\ IM 
v4 N « IM 

' • 
1 

p 

u 
Ul T« IM •4 «M 
M O O O O •* ♦ • ♦ 1 
-1 o « o • _» M IM «M ni »^ r< (M « N 
X • • • • 

i 
o 
v4 
O 
o O IM »< n • Q O o o « • « ■ 

O « o <• a o M » (M » <M K» (M 
Ui * • ■ 
1 I 1 •-• 
►- 

o «M rl N 
o O n a * • ♦ t 
o W o « 
o M « IM 

Ill 

4 
IU r 

O M 
O O 
« f 
o « 
O «M 
r\ IM 

o 
o 

oi «1 
o o 
« I 
o « 
r> I* 
IO N 

I « 

♦ 

♦ 
(A 

♦ 
MX 

O 
o 

« 
o 
o 

o 
»4 
o 

« 

♦ 

♦ 
4\ 

IT » 

* 

♦ 

« 

♦ 
ir. 

« 
in 

o « 
o 
1^ 

•4 in a , o 
♦  I ♦ 
O IM 

o 
o 

o 
o 

o o a o * • ♦ 4 
o « o 4» « ♦ ^■ « 
»M M ■n (M 

• • 

w » •-• » 
c> o o C * • • 4 
' ■* « o « 
V m w 
M M <n <M 

■ 1 
" 

v4 « w « 
O O o o 
♦ ♦ 4 ♦ 
o « o « • « • » 
•4 IM ♦ rM • • • • 

•-i • •4 * 
O O O o 
♦ 4 ♦ 4 
o « O « 
tfl * m « 
w M « <M 

o o o o 
4 4 4 4 
O « o 4» 
«M » (M « 
*4 N ♦ IM 
• 

1 
" ■ 

1 

O 
»4 
r> O •• w* ■« 

o a O O O 
■ •• • « « 

o « o « 

Mi 
I 

•-. X 

o 
o 

Ul 
I s 

UJ 
o 

a 

2 
o 
a 
a 
Ul 
x 

4 
O 
in 

coo 
o o o 

•-►-»- 
Ul Ul Ul 
X X 3 
►- I- ►- 

UJ 

v 

O 

o 
a 
ui x 
a 
UJ a; 
u. 
x 
Ul 
z 

o ■• W • 
T n -» o 
4 4 4 4 
O <o O « 
a * « » « «M l»> fM 

1 1 

o in *-• •• 
o o o O « « « « 
o IM o o 

IO       »4       O        »M 

^ 
M 

4 

o 

UJ 
3 

UJ 
X 

UJ 
x 

[ 4-9 

LOCKHEED  MISSILES  ft  SPACE COMPANY 



K1.       fM 

I/) 

in 
1/ 

♦ 4 
o 
« « 

tfi l 
-1 
U) 
If. 

If 

■r. 

1MSC-D244589 

♦ * 4 4 
O 

in      n 

4        4 
D       »> 

4 

u 

I 

r4 « 

4 4 
o "I 
• M 

IN) C IT        u. 

4 

in 

4 « 

o 
♦ 

o 
4 

•        IM 

o o 
♦ 4 
o o 
ID IM 

♦ 

O C> 
4 4 
O « 
T « 
« l\i 

ir     IN; 
•H     « 

c 
x 

4 
o 

(M 

4 
O 
CM 

4        4 
Q        O 
M      .M IM 

•4 •H «-I « W f\ tt 
s o -> o .-1 n hi 
c 1 ♦ ♦ 4 i u. ^ •n ry « O ■o *- 
-J ^ n r. * c N b 

Ö •H »^ IM <c «-• u 
a > • • • ■ a 
ui I l 
IC o 

cr a 
«iJ 
X ■< X X .* 

13 I 1 

o 
a 

o 
3 

UJ 
I 

7 
c 

It 
III 

U' 

4-10 

LOCKHEED  MISSILES &  SPACE COMPANY 



LMSC-D244589 

4 1 ♦ 
O « o 
N (V r^ 
(V N in 

CM 

•-( 10 »< « 
o ^ o ^ 
♦ i ♦ i 
r> » r> ♦ * (\j * (M 
u 0, /> <\, 

• 
1 

• • 

* 

•A 

rt Kl ■-» to 
o «- O ^i 
♦ 1 ♦ t ^ 1 n «■ 

a rg « r. 
«-I w •» f\j 

•     ni 
«     rg 

rt       r\       ** 

♦ 1 + i 
r> « o 4 
■T (V ir (^ 
t-f rg « M 

*-* fo 
ct w * i 
o * 
in (\i 
-4 rg 

O D 
4 I 
O « 
IT « 

i 

o a 
♦ I 
o     o 

o o 
* I 
o      « 

•-I     rt      -4 

rg     « 

O K* »* f^ 

■• I ■• I 
(j ▼ o * 
I- IV f> l\i 
f* % K> IN.' 

ID 
X 

*\ r* r\ 
-I -» ^4 
I 4 I 
« : i « 
rw « ru 
(\, r* .-J 

7 

^ « w 

c 

nr 

U 
I 

UJ 
T 

lit III 

nr «l T-l r\ rt .c a 
o C3 O ~. o in 

LL 1 ♦ l 4 1 u. -* •o O « O "^ r* 
Tj !"_, I, t- ^ ■_1 f..' -* 
l> ra M 1^ l^ <; <M Cl 
u • or 

1 I 
u o 

oc a 
^1 ^j _^ X < *r c 
B-l m^ 

u o 
o 

O u. 

T •* < -« • 1 
UJ K ►- t- u, 
z Ui UJ aJ H ^ T I T n 

UJ 

4-11 

LOCKHEED MISSILES &  SPACE  COMPANY 



"S 

LMSC-P244589 

o 

in !   r> 
» 

♦ o 
o 

♦ 
It o 

o 
o, 

o    o 
♦ 1    » 
o      « 

o « . o1 
o 
t 

♦ 
o « 

t 

I 

Ol 
o 

o 
■ 

o 
♦ 

XI 

i 

4-12 

LOCKHEED MISSILES ft SPACE COMPANY 



■^r 

LMSC-D244589 

X 

o 
o t 

X     o 
X       o 

<     o 
r      a 

X 
X 

t     o 

CJ 
o 

I 
1 
1 
1 
I 
I 
I 
I 
I 
I 

X o w a X p 
t- o L- o K p 
z o 

K» IO « » * • » •      w W 
t>o     oo 

2 ^ 
•40 OD 
it          ▼   ■» 
» n o o n o 

II         II 
N w or«, o o o cp o a o 

n <• o « O ■J ID m orM-i n "3  T ID    J a -3 
IM« O« N 

oralo 
o » oon« o OOPOOD 

MK o «t IM O WIM O 3 3 b o o o 

. ►- o •   • ■   I t- O ►- g a X o W L? X 

Ul ? o S? O -^ D 
w • 

rtifl « « " 
» K        «M W 

■ 

J wo oo o o     oo 
J ■   i ♦ •» II       II 
—4 » K< O Ot-t O W « O« tfl u o up O OO 

o oo o o o r n « o « o o o- WOK\ w a n 
(V« o -r IM o »  O O « (M O D o ao o oo 

o Mr« c IM a c IM W C « W O • o op ei ci t; 
T4 •- o k D 1- D 

O ^ o «   • •  ■ it CJ «r IM 

o r» a «> 
• ' 

KM») •• « 
• • 

M -to 
1    1 

oo 
♦ •» 

Ul » K\ o o w o ooooa o n aooooo 
O 30 ooo r fO « -D «  O ^ o n r»a ^3 a O 

(M« O ■« IM O o ooooo « oooooo 
►- X 

2r 
r> 
o 

(Mf^ OIMB •    •    • o X 
13 

o nooo o 
Ul 

X oooooo 

o Iff •   • •    • O in Ul (M in 

Ul 
• Ul 

in ¥ • ul 
in 

u? to U) u ic 

Ul UJ « l^ « • Ul » «       IM W Ul Ul 

ui Of WO OO m or DO       OO c a 
or p 1  > « -» Ul »- i    1          11 IM i- 

(3 U) » >n O O rl o ul u> w« o«in n 
» w or\ w o 

IM D u> O OCJ o o & 
Ul M« o « o o or ■N • 3 OP O C D 

o otoooo Li o o N« a * N o o o L> » 00«(M O a « Li 

j o * «r- OMK o Ul J u * CM v4 CJ« v4 CJ X .« R * Ci U U O CJ u 
c r <« * O c^ ^ \- * 

1  I »   • ■ • •'  * • • • 
m I o Ul n • in 

7 ^ H •M « »■• ^- •* « n « « « o* «?      w w »- « 
tf t wo o o -« or p o     oo Ul nt •  • • « »- »- I I     I i 

N w or>> o c. 
T »- 

t_ Ul 1» K\ o c: w o Ul u> 1- to c o r' o OL. 

o Kl « O« DO I o • n OM#I o o r>oo ooo 
% > o IK (M « O « (M o K > o IT • cj o n « o 

«\ IM O WIM O 
• > Ij X > -, n o o o CJ 

w o Ul iv r> OIMIB o o Ul IM o Ul a opoo o 
•s >- • • • > «■■••• X. • >- 
-1 •• i • 1    • o 

-1 
t   •         »   » -1 

-1 

■ 6 ■ ai 
3 

■ 5 
X 5> ii ■ mum ■ X (a X Ul 

a. »- >- x »- a. «.»-»- X»- 0. ft»-»- M»-«. 
f- o a. a. a. in IAI- 1- o (LO. a.M tai- 1- p 0.0.0. OTUIK 

UllUU           *- < j o JIUl 19 »- * _> o UUI 19           ►- « 3 p 

4-13 

LOCKHEED MISSILES &  SPACE  COMPANY 



LMSC-D244589 

C- O .J I 
♦ ' ♦ I O rt o 
^ K 1^ , 
IM « mi 

^ (\J r4 w 
r*.- O .J n * 1 ♦ i 
A H A o 
C r^ U & 
<M w m (M 

* 
o c 
t* c 
N O 

o 

I 
to 

X 

** (M 

♦ I 
in p» 
in in 

*• 

«■ »4        »- ^ o 1 « 1 ♦ 
c *< z •« ■< ** 
OJ « in 

4 1 ♦ ■ 
in m ■T\ T 
CM K n IM 
M m in (\J 

♦ 

(VI 

o o 
1   o cv 
I   s in 

wt « 

o 
♦ I 
o 

o 
♦ 
in 

♦ 
m » •     o 

-I 

5,! 

■   o o o o 
♦ 1 ♦ 1 

I    o o o o 
i   m m m in 
l   ^ « n « • • 

t 
• 

i 

• 
u 
Ul »< •4 <-• w 
V) !   o O o o •-• ♦ I ♦ 1 
J 1   0 * o IM 
-1 N • «M A •-* W •c « •O 
I • • • • 
o 

i 

3 
m 
o o '•» rl •4 • 1    o o O O 

1   « • ♦ I 
o ■» o «-I 

■ 1    o • » »1 » fv r\ ■c 

* 
in 

♦ 
in 

o 
i « 

o 
♦ 

o 
♦ 
o 
in - 

o a 
♦ * 
o o o o 
N o <M o 

u 

*- 
w 

> 
M 

♦ 
o 

I 

• 1- 
i a 

0 - 
1 - 

Ul 
o 

» 

O        T4        w4 v< 
O        O       O O 
«         I         • ■ 
O        »4        O        »4 
o    •     n ^ 
rt    n    n « 

i"     "    i 

«4 «*      «4 
o o     o 
♦     I     ♦ 

o    o     o •«     o     o 
o     o     o «^     o     o 
o    o    in <•     «     o 

X X 

o 

o 
o 
m 

ul 

7 

Ul 
u 
4 

i 

I      vl •< •« vl 
o o o o 
♦ I • I 
IA o in o> 
es n o M 

I    W IM « »4 

O «4 T4       IM 
3 O Oi     a 
* I ♦ I 
o « mm 
m IM f^    IM 
^ N w  m 

O       «4        Wl IW 
o    o     oi o 

m! K 

IM    in I m 

o 
m o »4 
o r o • * « 

o o o 
o o » 

M » o m • • • 
X 
»- 

o »4 
•3 O * ♦ 
n o o 
o o ■a 

lt\ 

O -rl Wi IM rt W 
O O Oi O ^ O 
♦ I 4 I ■ 4 I I 
o o m < «4 m o! 

m » 

I 

2     i 

0 rt 
u> '   o O 
Ui « ♦ 
M o o o o 
IT o o m o 
Ui m m o 
B • • • • 
K 
IO 

-1 •« o »41 »4 IM ^ o O O o 
o 4 4 4 1 

1   o •n Ol o O m 
a o m O c o m •-• o •4 in o «> m 
K • • • ■ 
Ul t i 
K 

K 
Ul 

£ :   x X X 

u. o 
o 

o 
o o 

o 
•- »- r- ui »- i- ►- 

tit       lift 

4-14 

LOCKHEED MISSILES ft  SPACE COMPANY 



LMSC-D244589 

* 
o 

c 

o 
o 
o 

I 
■» 
o 

IM 
O 
O i 

o 
c 
o 

o o 
• o 
rt      o 

o 
■» 

o 

o 
o 

♦ 

9D O 

O 

o 
♦ 
o 

o 
IT 

o 
o 
o 

o 
4 

et    o    a 
N    o    N 
H       O       If 

♦ ♦ 
0 3        0 
<M       c      IM 

a 
in 

ri      o 
»      r-. 

♦ ♦ 
o o o o 

o IM o (VJ o 
o w o « o 
in ■ • - • 
3 
• 
■ o 

c o 
Ut ♦ « 
I o o o o »- o o » t> 
1- » t-i in (' 

o 

♦ 

' 

tL 
U3 
K/ 
Ui 
or 
I- 
in 

i 
■« 

o 

a. 
UI 

a 
Ui 
OD 

UI 

3 
O 

o 
♦ 
a 

* ♦ 
o o ■J r> 
o ! T •c a « o ^ o • 

ir 
UI 
in 
u> 
U! o ^ 
a a o •- ♦ ♦ 
to o a o o 

W IM 
a o 
4 I 

O       3 IM 
o     o w 
o    « m 

o 
o 

UI 
T 

Z 
UI 
IT 
UI 
U. r 
o 
K 

UI 
X 

at 

a 
♦ ♦ 

a 

o 
o 

o 
o 

Ui UI 
3 

M   • 

tr 
ui 
in 
ui 
Uli 
ac 
t- 
u) 

_i 

2| »- 
z, 

r 
o 
oc 

UI1 

to 

UI 

♦ 
o 

o « 
a 

o 

o « 
o 
n 

♦      ♦ 
a     a    o 
K1 I     Q       O 

o     a 
* I    ♦ 

o 
o 

4-15 

LOCKHEED  MISSILES & SPACE COMPANY 

; 



LMSC-D244589 

D 
♦ I ♦ 
e (M o 
r^ «v h. 
IM r« in 

rt 1 «-• ■H IM -> » , f 1 C 

♦ 1 1 ♦ 1 
o ■ » O rv 

f^ IM t^ K> 
IM IM rv « 

il 
IM 
IM 

I 
rM C3 

N        >H        H 

» ♦ I 

wt 

I 

IM 
.'•I 

♦ 
31 

N 
M 

I I 

»-     »•     ^ r 

«14 1 
■" x. 

*-     r*      •- t 
r>J      CM      IT K\ 

Cl     c< 

<r i   i>« 

(Ml     IM 

I 

(M 
O 
I 

1 

•-1       M        t-(       w 
a    3    o    n 

•H 1^ r- 
o o o 
♦     I ♦ 
o ♦ o 
if -c ir 

4 1 ♦ 
-i <f O 

(M » (M 
-1 rt ▼ 

o 
♦ 

■»     »t 
«        (M 

n 
i 

■0 

o m »< «H 
tl n a n 
♦ i ♦ i 
o « o K» 
Cl m o * 
o. <o n IM 

o 
•.r 
C3 

IM      »< 
»4       (M 

O       CM 
O        Cl 
♦      • 

I » 
H 
1^ 

n 
I 
o 

o o o a 1 o o 
♦ ♦ i ♦ i 1 
o K a i> ! 3' tv 
a ~t « IM • r4 
•-I IM « IM •«1 IM • 

1 

• • 
1 

i • 
i 

• 
• 

i 

W w w j -«1 r* 
o o o ol O1 a * 1 ♦ 1 ♦ i 

■-> K o i Ol ^ 
in «-« in w <" «^ 
w <M • vM H M • 

1 t 

• • 
• 

H *t »* W xl ** 
3 O o o O o 
♦ 1 ♦ • ♦ 1 
o o> o r«. o » 
IM IM IM v« <*• !M 

o v4 (M ♦ IM o rll IM 
n • • o • < • 
\n 1 1 in • 
o o • • 

o •< w< «4 O w4 
H o o «3 O M o a « I « 1 • • 
Ul o w o «~ Ul e «-• 
I. c <o o «-t r o « 

o> (M •»> IM o> IM 

O       W      «4 

( 
(M in 

o 
t 
r. 

o 
4 
O 

K\       i-l 

O 

♦ 
a 

■r» 
I 
o 

i > « 
o 
n 

(M 
o 
I 

ral 
o 

^ H W W ^ 
0 O '3 3 O 
1 ♦          I   ■ ♦ I 
* o « o a 
O O T4 ' C' IM 
« n w I « •> 

o 

a 

r* *4 H w r>. 
0 o o o o 
1 ♦      I ♦ I 

r^ o m o • 
O O rH o ni 
m m vt « « 

a 

w 

z 
Ul 
DC 

r 
3 
o 
K 

o <4 «4 rl 
3 3 a o 
♦ • ♦ 1 

o « o « 
o • « IM « «M « IM 

1 1 

o IM vl r»j 
o 1 O o Ol 
♦ • « I 
o ^ o «. 
Cl r» »n «M, 
IO « •»» IM 1 

i •'I 
| 

« T4 
1 

T4 « 
o 
I 

e» * O 
1   1 

O 
♦ 

o 
1 

r> «\ o ♦ 1 o m 
r> K o "l o IN 

o • >4 1»« • N « •4 

o 
o 
4 I 

ac »• 
M 

K 
Ul 
U. 
r 

o IM 
o o 
♦ ■ 
o ^. 
iO r» 
r « 

■ 

<• 
o 
I 

a o 
o « 
o w • • • 

o 
o 

IÜ 

IT 
tu 
CD 

or 
u> 

ac 
Ul 
ID 

Ul 
in 

o 
o 

o 
a 

I ul 
■x 

o 
a 

4-16 

LOCKHEED  MISSILES A SPACE COMPANY 



LMSC-D244589 

♦ 

Kl 

♦ 

D o 
♦ 1 
O » 
CO <M « (V 

IT rl 

IM        rt 

« • o ■« 

^1 IM 
IO !M 

1 

-1 »< »4 « 
o O O o 
♦ 1 ♦ 1 
o « o o 
C' M o « «n M « «4 

o 
o 

o 
o 

5 

4-17 

LOCKHEED  MISSILES &  SPACE COMPANY 



LMSC-P244589 

K 
I- 

6 

» 

o 
o 

o 

UJ 

X »- 
2 

X 

X 

I   I 
♦ * C) o o o 
(VIM ooo o 
»«N -i j <n n 

OO 
I I 
<-l« ooo o 
«virv O OO o 
(sj oj u o o r 

o ■rlt* O CO C. 
o (- o •   •    ■    •   •    • 
ir> ^ o 1 
r i »> • ■ 

«4«4 « OO 
1    1 
»K OOO O UJ 
»^n ^m o 

»4 MM OOOO »- X 
7 a 

rt(\J ooo o 
•   ■     •    ■    •    • 

■o V. 1 • Ul 
V. 

o Ifl 
tu Ul vtw* 

fe' f cc 
I 1 

IC 
UJ 

LI Ul ■cu. o c o a Ul 
U. •<m c 30 -3 ac 
o c Ci (MM OOOO o ..* ■^ * ♦-• IV L« CUtt U Ul 
r 

■ 
* • o 

N 
7 

c 
^ *~ It »- « •-l>4 

¥ P 1    1 
4 »- 

K M l^«  O OO o UJ 
3 rt« OOO O T • > r> K M(V OOOO K 

l\J O P r*f* OOOO 
«v • F • 
_l « I O 

■ ^ ■ 
X B 

Ck.¥- *■ K»- a. 

X 

»- o o.a. aMMi- ►- « 3 o UIUJ is        •- « 

D 
o 

=>    i- 

1» c H rH 
OO 
i  i 

OO 
1 + • « o« <c o 

«  -3 3 0»>   O 
o« o«r i^ o 
r, «-> c>r> »» o 

• '    1 1- 
X 

^ « rl n 
r^o OO 
I   I 1 ♦ 

IM Hun oo 
M» onw o 
«0 « ON » O 
<• «t an »4 o 

1- 
1 » 

^ * H r* 
OO 

1  1 
OO 
1   ♦ 

«•• •3« » "3 
mmo»mo 
« T40>4TI O X • • •   ■    •    • U) z 

«Ä • 1    1 •11 
Ul UJ 
10 a 
m e 
UJ ^ « •4 W Ul 
a o o OO O 
►- • 1 1 ♦ 
u> rl« ON N O H o « c o « o X ^. n« o« « c 3 

«i 
•» »• L'N  H L> 

1- 
« 

• II 
41» ■ 
7 —* « 
•m K < OW k- 
K DO oo UJ *- 1   • * « I 
II» in HOC n o 

ir in oM» o 
1- 

OC liN omr» o * > 
Ul • WOHH o IM >- •    • • •  •   • V • 1 i, I -i 
-1 
e • 5 
10 • ■ ■ ■ 

»■ KKO. 

X 

0.10101- *- 
IUUI 1*          »- « 3 

o o no o o 
■3 3 O 0-3 3 
OODOOO 
O O D J 'J □ 

D 
o 
D 
* 

a oooo o 
OODOOO 
o o o uoo 
o o c.< o o a 

D 
O 
tJ 

tr '* *- 
o M 
t 

IH    a 
£   5 

flr »- 
M 

O 
o    ac 

s 
10 

s 
o 

ooooo o 
o ors O's 3 
OODOOO 
ooooo o 

o o p ou o 
o o o o o o 
ooooo o 

o o c o n o 
oo oooo 
r o pi e o o 
o o t»oo o ...... 

a.»- fr- M»-a. 
a. a. a. (0 (0 K 
IUUI f> t- 

4-18 

LOCKHEED  MISSILES ft SPACE COMPANY 



LMSC-D244589 

rl       (M       «-l 

4 
O o o     « 

ts        « 

I 
IT. 
IT « 

X 

♦ •r. 
x» 
X 

« 
tv. 

♦ x     « ♦ 
X 

•1     t-l     «- 
tvj       ^       X. 

O        O 
*      I 

♦ 1 + 
X» > X <• M « •-* K\ « 

X 

♦ 
X. 

♦ 
in 

a -t (M IM (M »H ^ •-I * rf »- r ■ • 
UJ 1 1 
« o 
-I o a. CJ 

•4 o o «-I o 
o o o O o ^- « ■» ♦ •» »- o r^ o m 
V. « n * a ^» 
■•» o w ro -i 

V n 
0 o 
UJ o 
1 o 

♦ 
«-t 

«H o CJ O O 
s « I 4 1 

m « XI Kl 
n * n •* 

1* -i m "T 1^ • • 
ili t 

i. 
*- 

o «H »4 H 
3 a T 3 
♦ • 4 1 
o o X • 
m »H fv •-I 
r^ IT l»l W 

UJ 

c: 

o 

o 
1 
4 

a      c. 
n     nj 

X 

ecu 
Or« 

St. 
ut 

IM 
3 
I 

in »- 
111 

Ul 
U 

-I « 

o 

4 
O 
C 
n 

o o « • 
Cl o 

m* »i 

o 
4 

O 
4 
0 

N      O 
»4 « 

O 
O 

o 
o 

Ul £ 

UJ 
o 

o. ■n 

o 
o 
DC 
Ul 
T. 

4 
O 
XI 

o 
I 
o 

r4 IM W 
O O O 
4 I 4 
«t n m XI 

m 

o 
o 

o 
o 

o 
o 

$ 

Ul 
Ul 
u> 
ir 
UJ 
nr 

& 
-J 
■m 
7 
O •-• 
a 
*■* 

a. 
Ul 
i 

a 
UJ 
03 

U. 

o 
o 

-4 N 
O O 
4 I o r\ 
« » 

o 
o 

o 
o 

a 
o 

* Ul 
I 

4-19 

LOCKHEED  MISSILES & SPACE COMPANY 
. 



♦ 
o 
a 
c 

♦ 
t> o 

c 
o 

o '   o 
o     IT 

o 
o 

•♦ ♦ r^      c;      n      a 
«      u     «      u 

v       o       »^ 

o o 
♦ ♦ 
a a a 
<c o « 
wow 

♦ ♦ 
o o o o 
• 3 « O 
r< C » O 

O 
♦ 

o 
o 
o 

c. 
4 

o 
♦ 
in 

♦ 
o 
IT. 

♦ 
O o 

o 
♦ 
o 

o 
♦ 
o 
III 

o 
o 

a 1 
♦ ♦ 
o o o 
IM o (M 
•-4 o « " • • 

3 
C 
o CJ »4 
W Cj C • * •• 

o o o 
o o o> 

II o- n It 

o     o     o 
(MOW 
wo» 

CJ o 
♦ « 
o o     o 
o o     » 
» r»    « 

o 
o 
o o 

o 
(M 

o 
o 
o 

♦ 
o o 
o o 
» 13 

♦ 
o 
M 

u 

o 
o 
o 

o 
o 

o 

o 
♦ 
o 

o r> 
Jt o O 
Ul « « 
U) o c o o 
IT tj c> r- u 
u; r\ c. i^ r 

1 -» * ♦ o o o 
o o 0 « o r\ 

v> 
Ul 
w 
U) 
u; Cl ri 
K o n »- « ♦ 
u> o o a 

a -1 
♦ « 
o o o a ^, fj « « o n o 

v. 
Ul 
Vi 
M 
Ul o -< 
K o o F « 1 ♦ 
«0 o o a o 

•c f r\ o 

_l in Ul 
1 

-1 •« «H *-* w IM K «4 w w w or w -1 w •4 < 
7 O o o a Ul O o o o Ul o o o o r 
o t « f I u. ♦ ♦ ♦ ♦ It « ♦ ♦ ♦ o 
§-» o io a r» o « r o • o o 3 m o o o o o • *« 
o o » o o o « 3 o m o CJ o IA 3 o « C) D o lit o •-« o tf\ i« o « » u a ft 1« o « 1»« s o « 1»» o « m mm 
ac «r • • • • s • • • • • • K 
Ul i' i »* • •• 1 ü! 
3C u o z 

K or K , ac 
Ul ul Ul Ul 
A X X X as X X X i X X X m 

1» 

o a < 
a o i « • « •        « 

►- ^ ►- 

$       $       HI 
oc 
Ul 

4-20 

LOCKHEED  MISSILES ft SPACE COMPANY 



LMSC-D244589 

in     o 

<M       IT 

♦      ♦ 
o     » 

in      n 

♦ 
o 
ir 

in 
in 

F. 

4 I 
in 

«4 B 

(\J      rl     •-« 

CO »-t 
«J « 

4 1*1 
ra w     r>     w 
ir «      in      « 
rt "1       «       IO 

♦ i ♦ 
o M o 
in a If- 

o o 
•f I 
3 (M 
m f 
-i "i 

w     ^     ^i     nj 
^D        C U        O 
-»1*1 
o     «     o     o 
(M       O       IM       « 
rf     m     «     » 

•5 ^j <..■ 

♦ i ♦ 
o j> o 
nj ^ N 

c->      If, 

«J «l X 
CJ CJ O 
> ♦ I 
» es in 
m » V4 

O Tl w« rl o     »<    »< 

* 4 
O 

« 
o 

♦ 
o 

O .-I       Kl 

O T-l 
Cl       » 

« 
in 

o     o 

o 

z 

or 
»- 
ITi 

7 

O 

cr 
in 
X. 

a. 
ul 
a> 

3 
O 

CJ 

u ! « « 
o CO 

♦ • * CT « c.» 
LJ l»l <o • m n • - • 

l/> 
7 
m-m 

•* O in «-» 
u Cl o o »- ♦ • « 
I» o m o 

in 

ul ul 
X 

2 
Ul 
IK 
Ul 

3 
o 
IT 

or 
ui 

or 

♦ 

►- 
z 
in 
a 

r 
a 
<J 
a; 

o 

ac 
ul 

Ul 

3 
o 

« 
• 

o 
a 

4-21 

LOCKHEED  MISSILES &  SPACE COMPANY 



LMSC-D24458!» 

^ Tl -t -O 

o 
o 

UJ UJ 

4-22 

LOCKHEED  MISSILES &  SPACE COMPANY 



"V 

I 
I 

LMSC-D244589 

! 

I i 

•    [ 

.-      in 

1 

C   O   O O CJ f ) 

o o o or> o 

I    I 
SM  «  O C> O < J 
r«* «^ c? OD o 
a O t J c CJ c^ 
iv ♦ i; r* o c' 

K 

« « w~i *H 
o o oo 

1   1 1 ♦ « » O« i> o 
■M ■>- J « » •-> 
r> j<, o « tn o 
rHIO -. ,fl r-v   . 

1 1  1 

s « »i rt 
DC- O   3 
1     1 1   * « rt ON« u 
wr^ o v c o 
o m o» in u 
Tttr u« «^ D 

n 
C) 
L. 

g 

O O CJ o o o 
3 O O  T  -3  "3 
OOD o o r> 
.^> o p .>».*■> a 

o op o o o 
oob oo o 
O O P O CJ o 
o t» p o c. c- 

«c < rl «i 
o o o o     o o 

11       1 ♦ 
» ••■ o»rk o m <o o OOCJ OOD OOO 

■C   rl -1   -HI J< CM «  3inf~ r> -> op IO a 
OOD OOO » o o oo o oin o« A o 

X o rj «  C! "3 rj .3 ► 1 •-I f^ o * »o c« X in rnjo oorj 
«r> t 1 M ? | o in • o V) •      • 1 UI in 
* 

in 
• u: 

V a 
UJ 
in 

in 10 CO o M 
Ui ui rt *-l UI « «        rt w UI ui 
Ui or c <-> 10 or or-.      no c or 
or ►- •   1 UI ►- >  1       1 * B ►- 
L5 u> <. 4* o o o o aJ I» rt « om «o >M in OOO u o o 
U. in »» o oo o •c rt in or% « a •X i* OOD OD O 
C a a » o o oo o IS ^J o om oi» m o Q o a OOD OOO 

4 ej * 1% V l_l till 1» U' « t* * »i r> c» n r> L ' J J M * < t 1.1) c. c . ( 1 
r * < 

1 
D f 4 

i       i • 
I- • « 

m IB 
7 

o in 
7 

■ > 
M •— N •-* * •-« 
t- -* »-I •-* * * *>         rt rt K •« 
* P c, c ■• <K CO        O O UI oc 

i  • »- »- •    •           »   ♦ T »- 
t- 

o 
U) IM « o c o o 

in »< o ooo T o 
UI no. C3IM» o »- 

D 
UI o o n o o o 

o op OOO • > o f. » O O O O D K > f-1 or n in r>« m o * > O a O O CJ OOD 
IM o IM V  O OOO o UI rt« onm o IM D UI OOP OOO 
V > ■ ■ > V > >■ 

-J 4 • o 4 
-J 

t         •   • -1 
-1 

■ § ■ 5 ■ ID 
3 

X U) 

•l »- •- Mt-b 
a. a. a. uilot- 

X Ifl 

%.*-*- K»- a. 

X in 

•.»-»-  X»-«. 
t- o K o •. a. a. iA v>>- ►- p a.B.Liain>- « J o 

o 
ulul O          r- 4 3 o 

o 
11 Ui c             *- ■« 3 5 uiuip          *- 

4-23 

LOCKHEED  MISSILES &  SPACE COMPANY 



LMSC-D244589 

>-t   O    «-t    «H «^    »VI    ^4   »H 

♦ i ♦ 
1\ « /\ 
<r ir or 
r^ ■c in (NJ  n 

H 1- »• r 

■» ■» ♦ « 
in - <J * 

^M •H in cs. 

-~  •-  %-< 

CJ   «   t ■ 

n      « 

•-4    S, 

o o 
♦ ♦ 
o O o 
IT f. if« 

♦ 
IT. « 

♦ 
If in  K 

»  in 

■i. 

* 
■c 

in 

Ul r • 
1  n 

♦ 
•c 

«v 

3 

rr rr 

x 
T 
in ^ 

Ul 

« 
o 

O    «4 
o  o 
♦  • 

2 

a 
a 
in 
»■• 

o 

2 
O 

lA  » 
T4   » 

o 

ui S Ui 

O 
o 

4 • 
►- 
Ul 
T 

(A 
Ul 
in 
u. 

O 

a 
ui 
z: 

E 
Ul 
(O 

u. 

or 
ui 

O   3 

ui 

4-24 

LOCKHEED  MISSILES  &  SPACE COMPANY 



LMSC-D244589 

D 
C 

* 
o a 
IM   O 

l_»   •■   11 

•f 

o 
IT 

O 
o 
m 

o 
in 

1^ 

UJ 
Ifl 
Ul 

CJ ^f u; 
■y) o o a. 
UJ ♦ • t- 
10 o o o m 
1. t !_• f» 11 
tu IO ' ro r -i 
n- • * 
►- *~ 
in 

I ui •« *-t r-l 1* w or 
y o O o o Ul 
o 1 ♦ ♦ 1 u. •-• o a o o o o r 
Q o •* o o o « D »-• o «M K» o « H o 
DC • ■ • ■ ■ • oc 
Ul > 
i: u 

or oc 
M UJ 
X X X X oc 

u. o 
o 

o 
o 

o 
o 

u. 

K 
Ul 

•<• 
UJ 

* 4 »- 
UJ 

■ 

m 
UJ 

• z 
UJ 

3 T X 3 z 
o ►- 1- ►- 

10 
UJ 
M 
O 
Ul o 9* 

il o o »- « « 
(0 o o o 

in 

UJ 

Of 
ul 

r 

OC 
ui 

3 
O 

♦       ♦ 
o o  o 
O   CJ   CJ 
no« 

(M 

UJ 
X 

»- 
Ul 
X 

o 

UJ 

4-25 

LOCKHEED  MISSILES &  SPACE COMPANY 



"S 

LMSC-D244589 

w* rl r* -71 

ri     r>i     *-t 

♦      i      ♦ 
n      r\ 
«•-it 
t^     u    r. 

rt        N rt 

CO •-* 
•-I       IT« 

a o 
* ■ 
r o 
IT. Kl 

rt •-< CM 

I ♦ I 
rv o « 
N IM r< 
in • «c 

♦ 

o 
CJ a 
in o 
•i ■• 

Cl 

O T 
♦ • 
O l/> 

Cl IM 

7 

* 
o 

IM 
in 

o 
♦ 

o 
o 

Ui 
1 

o 
□ 
a. 
ui 
i: 

a 
ut 
x 

or 
ui 

o 

O Q ij * « * 
o m o 
cj r^ F- 
« i-l IO 

•4      K< 

O 
O 

X 
uJ 
3 

or 

U5 

or 
UI 

r 
3 
o 
at 

x 
ui 
z 

*     t 

3       1« 
O      lA 
o    m 

o o n o 
♦ I ♦ I 
o » -> «\ 
O »^ Cj K\ 
n in « m 

a o a 
a o o « • « • <i • 

t- »- ►- 
Ul 111 Ui 
I X 1 »- *~ »• 

3 

CO 

» 
UI 
a: 

3 
o 
a 
o 
a 

o 

CM 
(ft 

UJ 
t 

4-26 

LOCKHEED  MISSILES  &  SPACE COMPANY 



I 
I 
i 

LMSC-D244589 

I 
I 
," 

^         IT 

1 

(.■       r 
*        ■ 

K^        IT •           • 

«                   t 
f »       H 
•*•■       a: 

i 

+       • _,      > 
r        f 
n     in 

i 

♦       i 
r>      > 
r.       f^ 
K\     »n 

X 

o 

o 
o 

4-27 

LOCKHEED  MISSILES &  SPACE  COMPANY 



LMSC-D2445S9 

K       O 

IF    S 

»■ f 1 ► n ^ 
• r-4  r-l 

i   i 

? > 
CJ o 

1    1 
oo 

1  ♦ 
(Min O o r    ' . 
-y tjk 1   ~» O    1 ' 1 "•* 3   J «      > 
r« r» o oo o •O (\i O»   M O 

_ 
••   L- ■?   . o .- 

»- CJ 

T- J- j fVJ u» 

K 1 1 1 
X o X o 

o 

1    t 

n 

« * 
O -j 

1   t 
0 o 
1 ♦ 

«Min LJ  O LJ O r\ « O«   Ci  i-i 
rj» o oo n c« * or^ ip o 
i^ r- f J f ^ o o ir c. n ^ r> i j 
« IT T  C   O O n if r *. ir r 

r> ^> t  o o tJ 

C' oo o o r> 

o L . o u CJ u 
n n c o o o 

WIA 1> I30 O K\ * OtS « a 
«-ir> -» ~» 71 -» •o -« -ijn <»< -> 
r* r^ o OO o |A « orv « o 

X • y • ii\ ra o o o X t > rt i<\ ->« in u 
in 

o IT ■ o in i      •  • u> * UJ 
in 

• ul 
■r or 

Ifl U) Ul Ol 
111 Ul W ^4 ul «A        O «H UJ 
Ul D OCi to K o ci      o fr (■ 
rr ►- 1  I u< ►- •   i       ♦ ♦ 
i» in rtlTi o oo o U! U) IM « r.» « » n •M 
til 3» c JO o or ^ «   Of .» c- X 

C r? Q tv r^ d. O D O cs c. _ in « o ^»IA o C * C_' * « ■< ' * L   ,•>.. ' ' U           ' t-1 s ■^» •   L  »H u> l_> X 

■s 
J) 

O O O CJ ij €_l 

OOO OOO 
r-» ri o n c> O 

O O U Ci l_j CJ 
_. -T <- C ■ O U, 
O CiO o o o 

^ £5 c ri •« or o c i-i o 
■  i »- *~ I   I ♦ « »- l/> Olft o a o n UJ VI ■H « r. «M «H r 

o » » o OOO T o IM n 3»   O O 
K > (. ■ ir «r~ f / Ci O CJ ►- > O a mm cm « r 

1 

o ^ « in o CIO o o Ul > •-•m o wm o 

t o • l   • 
-i -1 • IO ■ X 

X 
=5 
Ifl X 

Z3 
in 

a.»- »- x»- a. a. *- »- x »- a 
►- o a. a. a. U>«II- 1- o a. a. n in w> >- 
"« J o ulul o ►- « J a ul aJ IS          *- 

at 

U)     o t  r.' i   .i i 
O TO O OD 

a c r i fj o o c 
UJ rs o o o o o >-          

a. 

Hi 

o 
o 

a ►- ►- x ►- o. 
a. 0.0. iflini- 
|U Ul IS »- 

4-28 

LOCKHEED MISSILES &  SPACE COMPANY 



"S 

LMSC-D244589 

♦ I 

» C. 
rvi     » 

o     o     o 
^      c      ^ 
M       O       IT 

IT rl IT. 

o o 
♦ ♦ 
o o     o 
IT o      tf\ 
^ T'       « 

-J 
a. 

♦ ♦ ^ 
« C« if. 
K> r4 rt 
(\J V .N- 

♦ • ♦ 
IT w* in "> p i»\ 
w » ♦ 
' 

1 
• 

O 
CJ 
o «4 Cl •-• 
r«; C. a c 

♦ 
o n 

(M o 
« o 

♦ ♦ ♦ 
in o in 
X o •-' 
rv Kl (V 

♦ 
in 

o 
o 
o 

« 
Q » o 

(J o ♦ ♦ ♦ 
Oi -> » 
-1 -O nj 
K% ri <v 

tf\    11 

♦ 
in 

■3 

o     o 
o      « 

or »- 
m 

>■ t, 
m- 
-1- 
x in 
-a -o 

Ul 
a o 
Öl- 

-4 

•-• O 
c o 
♦ ♦ 
Q fv 
rt l>* 
K. fM 

z 
Ul 

ill 

« 
-I 
a 

a 
•« 
z 

c 
o 

o 
o 

UJ 
u » 
a. 
in 

z 
o 

♦ 
(-1 

♦ 
X. 

rt      o 

in 
ui 

UJ 
fr 

o 

Q 

a. 
ui 
X 

a 
u> 
m 

♦ 
o 

« 
r»      o 
K»        C 

o *4 <4 .-• 
o O O o 
♦ •» ♦ 1 

o « a o O IM 
o » o 1 r> o • o • M m o • • w4 

o 
o 

o 
o 

ui Ui 
3 

Ul ui 
I 

-1 
Ui 
X »- 

4-29 

LOCKHEED MISSILES &  SPACE COMPANY 



LMSC-D244589 

V t.) V4 <_l 
M       1      m 

10      o 
»4 O « O 

♦ 

3 
♦ 
o 

♦ 

(V       C 
^     o    o 
M        O      I« 

o 

♦ * 
o 

1^ r, 

Ui « 
O        Ci 

o rt 
3 -1 * ♦ 
O IJ o ^J 
CJ o <o (-• « Ci »^ o 

a 
f) 
U) 
<n 
w 
UI o •H 
K o o 
►- « « 
U) u o ^ CJ 

Ui 

m 

or 
►- 

o * « 

er . . • m « • ■ ■ • M m • • • or *- K« ■^ V- 
v. 

2 z 
u- 

-J Ul Ul J 
■< •H <-l T4 -4 tr H w w w IE -1 rf rH H •« 
7 o o o O Ul O o o o Ul 3 CJ 3 o V 
O 1 4 ♦ 1 u. * ♦ ♦ ♦ u. ■f ♦ ♦ ♦ o 

o « o o o » r o a o o ~> m r o in o o o o 
a o ^ o o o o z> Cl « o o o if> ^ o o o CJ o o Q 

o •o « o « f« u a K r\ o « t^ u o f» n O <o r» 
a « i • - • • DC • • • • or ■ a 
UI • w« • 1. Ui 
X o o X 

a. a B oc 
Ul Ui ul Ui 

£ X X X <a X X X 31 X X X ■£ •«* 
u. o 

o 
o 
o 

o 
a 

u. O 
o 

o 
o 

o 
o 

U. o 
a 

a 
o 

a 
a 

u. 

K 
Ul 

< " < *- • •* • X 
Ul »- • 4 • ■ er 

Ul »- »- ■ IE 
Ul 

t- 
3 * * % z ^ s Ui 

3 
»- 
■3 ^ Ui 

X s z z 
O K *■ *- -* »- K »- O >- >- »- 

4-30 

LOCKHEED  MISSILES  *  SPACE  COMPANY 



LMSC-D244589 

•H      w      «H      o 

♦ 

4 I 

eg     iv 

-> 
o 

i « C !    h- 
fv 

r      ** 

♦      ♦ 

r^ -« 
♦ ♦ ♦ 

f>.      ~     .n 

U vl o 
AC o « 
rt        X « 

in 
- 1    - 

*   i • 

o 
♦ 
O      •>.        D 
Ifl       Kl       if 
-4 t^ •* 

a o 
* i 
a « 
ITI ** 

ol   o 
• i    I 
o      « 

♦ 
o 
C4 

♦ I 
Ci       UN 
(M      ao 

o o * • 
O 1 m 
w 0 

i 

T*     a     -c 
tr     »      i^ 

♦ 

CO 

o n «4 w* O 
o ii o O ( 1 
IV * t * * 

o ▼ o Oi 
Cl tv o- If» 

* 
O 

n    rvi    m    « 

a »- 

o 

♦ 

o « 
Ol 

o 
o * 

« 

IO 

I 
in 

«V        w*        *t I 

O »< 
H O o • 1 
Ul o » 
I o « • » 
K 

1 

o o 
a ra 
♦ « 
o * 
o o « •w« 

o 
♦ 

o o o 
* r 
o « 
o m 

I       ♦ 
♦     o 

o 
o 
4 

O 

♦ 
"3 

Ul 

r 
o 
at 

o 
t 

O 
i 

o 
♦ 

« o 
3 rt o fv o « 
r- m D <ti  , o m 
o tv « rv « rv 

z 
111 
or 

u 
r 

o 

o 
o 

o 
a 

* <£ ^ 

a 

3 
O 

o 
o o 

f ÜI 

Ul 
CD 

I 
o 
o 

ac 

3 
O 

4-31 

LOCKHEED  MISSILES &  SPACE  COMPANY 



I 

»< »- o o 
♦ 1 
a . « 
IT rt 

♦ . 
o 

S[ in 

o! 

o 
SI 

LMSC-D244589 

♦ 4 
O 
O 

X X 

o 
o • •       « 

I   t 

4-32 

LOCKHEED  MISSILES &  SPACE  COMPANY 



LMSC-D244589 

c 2   I 

r 

e o 

l/> 

-I 
-1 

(M 

X 
r* 

OO 

X 
1- 
7 

C «        H r4 
CJO      oo 
II       1 * 

O « o^\ « c 
•^ fl J » «   3 
•HOODOO 
»vir^ w' c rv o 

i           I 

X 
u 

3 
O 
o 

«ifl 

o o o o 
-> -3 a   i 
ooo o 
.3 v j C    ^ 

»■ 

X 
o 

o 
X 
z 

D 

D 

o o t> c o o 
3 3 U 3 -? n 
OO DOOO 
T .-3 O o n o 

K 
X 

i 

O O 
C «       rl <-< 
o t     o r> 
ii       i  ♦ 

* « o» « o 
H «-t o ■» ^i c 
Nr. c »»»» «_ 

mm 
f. r~ 
•»IT 

OOO 111 
O 13 13 Cl 
o o o r» 
OC. L  w 

oo loooo 
on DO o o 
c: o tJ o o o 
oc- o o oo 

^ ^t C 4#        W *4 
oo no     o o 

II       i  ♦ 
«a. o« « o r. n ooo o OODOOO 

inK -»->n -« o» -am m -j •j o a r» 3 o 
« in ooo o H «1 O r4 Kt O OOOOOO 

X o * r^ uoo o X r> Nf^ O» K o X D oaoooo 
7- n 7. t • U) z U) 

o «r t o ui •      i • UJ D en • 
«1 

~ 
or 

a; 

\fl U> U) 'J (/» 
Ui UI r4«4 Ul « «        On UI UI 
U.' K OO V> a oo     o o a or 
IT ►- •    1 UI »- II     ♦ ♦ g »- 
I» UI ¥\r\ O f J LJ C* UI 10 Nift or» in o (M (O O O p O Ci o 
u. «r« c so o a *> *• or- « o V « o ofc o o o ^ o O «-.no oc o o w _» a« o« « o o r» ^ ooo c oc 

J LJ - « ^    Li L'C»  t» u .« '."J «■ |\ r- (.■ w- ^ u» *. J P1 * Ci o 40 o o o 
r r • < 

I 
o r ■« 

1       II 
»- J« ^ •   •!•■•• 

» U) 
7 

o • • IO 
3» 

<■ ►-• ■ ■» •* »- « W^ « ■€,<.      rt-r* »- « 
UI ? C r^ 4 or DO        CO UJ or 
T 1   1 •- »- 11     « * 1 »- »- 

o 
u> • M        COO 

(MK  I rOD O 
UI 
T r» 

u> K otrj***\ o 
r\n o« oo 

t- 
p 

CO OOOOOO 
OODO oo • > *"J e. ^ IA   . ■ C' o c^ »- > CJ a pin o« « cJ 

Nr> oMf. o 
• > r or aooooo 

IM o «K   O L-> O O o UI <M b UI oo ooo o >» • 
>■ 

* ■ V V >- 
_l • a 

-1 
I       1  » -1 

■ 1 ■ 
3 

■ 5 
X En 

a.»- »- x»- a 
X to 

E a. a. to v >- 

X IO ■ ■ ■ a ■ ■ 

0.0. B.IOIO>- t- o o.a. 0.10101- »- o t- 1 « 3 o UIUI   LJ              f- <• 3 a Mul 19         »- •« 3 utul S        »- 

4-33 

i LOCKHEED  MISSILES 8c  SPACE COMPANY 



^r 
LMSC-D244589 

z 
It. 

4-34 

LOCKHEED  MISSILES & SPACE COMPANY 



^ 

LMSC-D244589 

SHORE          AKISTMMfTRIC      CHtCK            ELASTIC   PLASTIC                                                             17   NOV   "I| 
RADIAL   DISPLACEMENT   AT   X   «   0   0   INCHES 

::;:;:        ;;:::::;:;;::::;       :   : I::::::I::" ::::::     ii ::]": :.;:   :_ : : : - ::; ;;::: :: : :...::: ij 
1                tt',                      ,    '                  ;                        i                      '             il! 

::r::::::::: ::: "tp;::::::::::::::::::::I:::I:V:::::t;::""":"""";"JJ 
   i ..J\  t   ; .   t :: 111 

11                                                  '    t    1                                    r                   rI     1,'        (        ■                         1                 4            ^i  i 
i               4.     !              i ir                      ! .,   /   '   it [T [    [[.LL.LL L..L [ [.LL.LLLL L IJ r i j :::::::::::::::::::::::::::::::;■:::::::::"::::::::;   '5   ::::::::::::::::IJ 

     I i    h._H _. .I..--L I.. - IJ 

1          i      11      <   >             i    i                     II                 111    111        i        i i        ill 
 L...U 

.1       00002     OOOOH     .00006     OOON    .00010     OOOIf     OOO'.-    .00016    .0001«     00020 
KAOitl DI5PLACEHCNI »T « ■ 0.6 INCHES 

.6 ?■    T :          r              T TTTT TT.     T              T       ^Tl <,r                                                                                       .;                III                                             1 + h L                                                                                                       l 1, I       L    . :::-±'= = .,   ::::   t:  tt :tt tt::::: :: :::: :±:itttttt :t:t  T\ 

x     _^      .?■.■.       ,   .„. Lt       -      ..-      ..L L--t_ ..„,      ..-       _rxl 
::: ±::::::::":: :»:::::: :tt:::::: ..i'...i,.......i.... ::t:tt:t: ::::::: : iJ i     n rHm 

I   "                " * .                                                                                                              i     '         !                '                     1            A             L        11 

nm L                                                                                          [ ntuijii 

l"''.'.                               '_              '  '     III                           'J               J-      -■            '   LL ^        L        _L                   -U 

::;::;:t::::::::::::tt:::^:;ttt::ttt:::t:::t:tt::-:i:::::::::t:::::::::::Et:ci:;tt::::tt::::::i:::44 :::::::::::::::::::::::::::::::::::":::::::::::::::::::::::::::::::::::::::.::;: = ; :    tl 
4                                                     f         -y                                             (                      i                                          "                                                                        '                                                                     t                     '^                                                                       '                                                                 C»                                                       ■                   S 

1                                                                                                                                                                                                                                                                                                                                                                                                                             "    .   ^       1            'jf, 

,                      r •41 
.0                 00002              OOOOM            .00006             00006            .00010             .00012            .0001«             00016             00016            .00 

B«DI»L   DISPUCE"CNI   «T   «   .    |   5   INCHES 

•pi ■:::':::"":::::,:::":::I::::::[:I :::::::::::: :::::r:::::::^ ::■:::::::[ ::I:::::::::::IT:T] 
t      :   I                                        "                                 -.IT                L      .      ....J]                 IJ                     .     L      1,            .         .    1         JJ h" '<: 1        7           i                        +    11"                 ii 
 ::.::i,:.::::::::: :::::;::::::::::::;[:::::::::,: [+:.:::;:::.::: i] 
T'IT '■'::;: r"""*f L":"':■■::""": ::::::::^"[""L:::ILL"" ij 

""- a               '                       l    r                                                                                  i                                                                          [1 
i                  ' * " I                                          T                 '                                                                                                                           f | 

t       r                                                                      '' ■■ i                               ]                                        '                           AY                       11 
Y                                                                                 ■ • * j                  ^              ]                                                                   \                                              1                                               j 

1 * _i 1                                 '                          '                   A                                    " "■ ' a         1                                                   '     i                                     I -i                                   1 
:                                                  !                          [                                     I             '                           U ' -                                                       ■     '                                         1 j.                                    ' * 
[t                          t                                  11                             1                                            ""^3                                  V\                        L           I'                                       !' 
'                                                       LL         J                                                                                            - -                   '          J j                             ä       r             [ I 
 _ I j T ..::-..,[  p        _i1 

i              ,          "^                       |              j ,                                            i       * - „                           j 
:                  t                                           T    t             "T           +r^          !         T^                        'j               IT                    |   t         L            " - . „                                 jj 

»::::ttf:::::::::::::::::::: t:[t:tt::::""tt:t::::::::::::::::::::t::t:tt::"":":::::"::::=:B 
.00002     .0000«     .00006     00006    .00010     .00012     0001«    .00016    .00016     00020 

4-35 

LOCKHEED   MISSILES  &   SPACE  COMPANY 



"ü 

LMSC-D244r89 

SHORE     AMSHIMEIHIC   CMEC«       EL»5MC PL»SIIC                                 n NOV TI 
B«DUL   üiSPUCENENI   »I   i   .   J  0   INCHES 

%,::'.:T"...„:["    T ::::::: I::::I:::: i : i'i" ' i ±    :  ± : :   t      -                  :   :     —i   !;i   :         : ::           :::::: : 
i        T T [ T    ! ■• ,               '                                                                                                                       T                   *■ "T                                 ^ 

:::::::i::::::.!:!5;:;:::—:::::::: ::  
^        l    L             -                        I                                                         j                                                 r         T 

[ 1 i       '                   ' * a                                                                                                       1 
1                                                     r                                                  4 

'                                                                                            E  ^ '  i                                                                                                          ^                          J-                        1-                r 

^                                                                 ^                                                                                           '   "   -                  J                                                                                                                                                                               j 

)                                             1                                          I                J                                                                                                                    '  '  -  ,                                                                                  ^                                                r 

:::;;:;;::; : ' :± t     ::::::: /.im         "   i  
1                 .*           i                    J       i       " * - 
{                                                                                                                                                                             4     l   1                                          '  ' * i                                      ^ [                                                                                                                                                                                            f                                                            8 » ,, 
1                                                                  l                                                                                                                         ''                                                                                ' - ■" 

a^1                                            ~ir]                                                                            ^                                      K                         j,                                               ""- 

j,        i    1                                f                            '                                          ""i                                                                                 E                                        L                                       e'-* 
1 i                                                                                                    :                                                                    1"                          ^       '                                                   B * a II                                                        1                       1               1           1   t                      t                                        fTrUJ 
00002 0000M    .00006     .00008     00010     0001? 

lEBlOIONiL DISPLiCEMENI »T . . 0 15 INCHES 

OOOIN    .00016     00018    .00020 

02 

Ox 

06 

08 

' " ' - - ^            [                                    ■'                                     YT"      "                                         ~\                                    ---T--r          T"                ■■             ""           . - - - - i 
X"' * jT                                                          '                                                                                             1 
 .-I:s,._          .      X                     ...  _..                       T            i                i  iB:::s:; ± :: : ± :: :  ~:  

i                  n ■                     I ,             " „                                          T 

ITrHUi :::::::;         +""":;;        i                               i  
f-r       i                              -•                                          •»s                                                    '                                    ^ 

":::::::::::::::::::::±::::::::::::::::::::::!: = = :;:;::::::::::"; ::: + :: T":::" 
..,.           ,             .... .. 

::::;;: .-:.::::x::::::::::  I:::;:::::;:::;::;:::::;::::::: :: ::Tt :::::::::::::::::::_:._:_..::::   :         :::::::':! = ;:::::      ::::::  
11                                                                                       " s -                                                  -   ^   - 

i                                                      j                         [                                  i                                                            *'" i      '                               - - - - - 

-.-.--- * -+--    -■ X   S",;: .--.------ 
i J                          L                 ]                                                                                   i            ''' 
v |   r             *                          t                                                                                   i                   * ■> 

                                                                                                                              "■-;. ::::::.:.:.# .. #.  .....:...4............4:=..c: 
.0      .00002    .OOOOH    .00006    .00008    .00010     00012    .000 IN     .00016    .00018    .00020 

MEPIDION»L    DISPLiCEMENI   »I    ■   >   I)   "'S   INCHES 

.(      .00002     OOOON    .00006     .00008    .00010    .00012     OOOIN    .00016    .00018     00020 

4-36 I 

LOCKHEED   MISSMLES  &   SPACE   COMPANY 



^--«^ T ^ 

LMSC-D244589 

SMQPE »«ISfHNETSIC      CHECK EL«SI|C   PL«5IIC 
HEeiDION«l   DISPHCEHENI   »I   I   ■   I   65   INCHES 

01 

-.02 

0) 

-Ot 

09 

.06 

- 01 

 I,:i "" '" ---T-- — 3:  _ ""T  
rpw.U                                                                   i 

ITHL           t I        it'*"                        i         it      tn           tti     rtw'    t 
i       " i. 1      TrrfllJi          11           Ji 1+441      it 1              lit                 I 

":::::::::::::::;::::■=:::::"::::::::::::::::::::::::::: rns                                                                                  r  ::     :::.:.::;::::±::E;.::::::::::::::..:::::...;::;.:;::;           _                              :.      
:: :: : :± -  : ! ■ =; "■ ■ ■ - i  [Ttij.111 
:;:;:;:::::::::;x::;;:::::::::;;:::;:;:::::::::::;.:;:::."::::":;!:-;:;;;:::::;:::::;;:;:;i:::":::: 1                                                            t                             rMJ. 

TTTT 41 
I:::::::;::;::::;:;::::;:;:::::::::::;:::::::::;:::::::::::::::::::;:;;:::::::;:::!:;;;:;::::::::::: 

i                                           .    i      .             , s« 
  :. :::::::::::::::::::::::±±i:::::: .:^....:.: 1:: ±:::::::: ::■:; 

.00002     OOOOM     00006     00008    .00010     .00012     OOOlx     00016    .00018    .00020 

HERIOIONAL DI5PHCEHENI «T » • J 15 INCHES 

16     00018     00020 

2.0KI0 

I.0110 

0    .00012     OOOli    .00016    .00018    00020 

4-37 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



^ 

LMSC-D244589 

SHORE        »«IStHNEIRIC     CHECK         EUSHC   PL«5IIC                                              17  NOv   71 
OU'EB  riBEH «ERD    STRAIN »I   <   ■   0  6   INCHE'J 

o? ±:::;::::;:::::;::::;:::::;::::::::::::::;"::::;::::':;:::":± ::;:;;:" ±::;:;::;:;: H T                         'i..:                      ■    ■ t-                                             ' 'i                    t   ■ 

os I::::::;:::-::::::::::::::';;:::::::::::::::::::::::::::::::::::::: i::::::::::::::::::::"::::::::::: 
IT 1                          TH4J IT      ; 

06  :...:.::                 L             .::::::   . 
rPHJ : 

  :..::_:.::.::±.:::::::.:.::;:::::::::;:::::::;..:.:;:: 
08:::::::::::":::::":::::::::::::::::::::::T;;::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

,.:::::::::::::::::::::::::;:::::::::::;:::::::;:::::.::;:;;:::;TI::;::::::;;:::::::::::::::   ::: 

11 j 1111    |           n   rn    i    If    HT   fi           it ITI   i n 11111 ffttt H44I i t             tTH 
11                         Jl             1                                ill   TrI-UJ       11 T"        "~"        "     "    - - ■ -        ---        --.-    -.-------.--.     __...     ...........     . -         ._._^.     -..,,.    -~-    -        .     .^,4-    - 

in                                                                    ■                                                        rH4U IB    i                      i                     i                                                                 nnj 
0000? OOOOt .00006 .0000« .00010 .00012 00011 .00016 .00018 .00020 

OUUR   flBE»   MEOO     5IRMN   »I   X   ■   1   ^   INCHES 

06 

05 

ON 

.03 

02 

.01 

.00002 OOOOt 00006 .00006 .00010 00012 OOOIN 
OU'ER fIBER HERO    STRAIN »I   i   ■   3 0   INCHES 

30016 00018 .00020 

 T TT T T-- T T Zy.'.'-ZZll'.' 
TJ                                                                               f                                                y                -■                                                                           t* 

1            r                                                                                                                                                                    r                             r                                                                                    ^i,-"' :::::::::::;:::::;:; :±:::;:::;::::::::::;::::::;::;.::::;:::;:::::::::;::::;::::::;; *.:::;:::::;:: I                                                :     :.:   ;    i:    : :    ... :         :; :T:    :.;...   :..:...:.   ::::::; ';'.::;::    ::: ::   ::.:::::::..:.   :    . :  :::     ::      :::;..;;::;: ± ::  
:;;::;:::::;:::::;;:;;:::::;::::::::;:::::::::::::::;:;::;.:::;:::::;;::';::;:::;:::::;::;::::;::::: 

LUni n 
-f                                         ,3              t                           *       t 

"*     r                                                                                                                                    • '                                                                 T                T 

U+TITI ::;:..;..:::..: ;...:,.:!  :::::::::::::::;:::::":::::::::  :  . ..     ..  ±       :           .        .            .            .      :'                   :             ::::::  ::     :     ..       :    .  :            ?          i  .     :   : :   ;::"::;;:;...::...::..  :   ::;!:::::::::::.± :_:..::::::.:::..:..._,.:_..::  ::: 
..■ . . . _ ,.._._  ...   ...._.   ...   .     .    ...       t                 ; T        _     ---+     __      _        _               _     _T^:._          X---  .-  

.00002             OOOON            .00006             000 6           .0001              .06612            .0001»            .00016           .00016           .000 

4-38 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



T 

LMSC-D244589 

2 DKIO 

I.OIIO 

SMOBt       »»ISTHNtTRIC     CHtC«         U»S'IC   PL»SIIC                                               n   not   71 
IMNCR   riBER   MERO     S'R«IN   »i   «   .   0   0   INCHES 

::i::|:::t::::::::::::::::::::: :t t ;::■■' 
i                                e"'' 

'   {                      •''' 
i                                                                                    -■•■■' 

r             r                                                                                                                                        if''' 
. - - ■ 

 :::: ::::::          :        :::'''.'':'—t                     
07.,.             .                 "";::::;.:::" ':.:._..■' t                                          ;:'        t       t                      :                       --;;;=..-                                             

, a ' ' ...   _     "               .      —" "              1 \.    : 
 ,,        .     .  
 -:          .                      .                                                i        TL 
 .,...::.;,!:: :      :::   ::::::     .      

X,--'                                   T 
.1               .0000?            OOOOH           .00006           OOOOS            00010             00012             OOOm            00016            00016            00 

INNER  TIBER   MERO     SIR«IN  »I   <   =   0   6   INCHES 

 ■  -  ■- ----;,. = ::L. 
[                                                                                                                      ^,.'' 

 -' 
, —' 

,- -"'                                                                  J 

«''" 1                                                '                                      ''   " 
'                                     '''' 

,-■' ........ J ...,, = ::: ...............    .   .....   
-'' 

r    ,--' 

n    .,,,«-''' I...           L             J...               .              i J   
.00002 OOOOM 00006 OOOOB .00010 .00012 

INNER  TIBER   HERD     SIR»IN   »T   «   .   I   5   INCHES 

rrrrr 

OOOIN 00016 ocoie        .00020 

.1 .00062 0000* 00006 01012 OOOIN .00016 00018 00020 

' 4-39 

LOCKHEED   MISSILES  Be   SPACE   COMPANY 



"S 

LMSC-D244589 

SHORE iil5»MNttBIC     CHECK        ELASTIC  PUSTIC 
INNER  riBCR  MfRD     SIR«IN   »I   «   >   3.0   INCHES 

n NOV Ti 

II1111111111111i 1 111 1   1 1   111     III!   U-H1 i+ill 
It ttr 1   'J-    tl 

11 ]]]j]]i]jjj::]ijjijij lläilltl"lllltllTJll 
JilLli.ljJ.i L' L'   • J i i 11' 1     ^  i i 1 i  1.1 miiii i m ii 11 ii III>TI ii 11 ii inni nun 

1 j      1      ! 1 i  1  I 1 1 i i i J AHT I .JIJI33]]J:;:JJ4JJ]IJ 
i '• ! ' ! iiiill   iJ«!TTI ' 

lU-nnl 111     t IT IliT" i ij 11 L I i 1 j T' i" jn ,H1 LL i jri 1 J J J ] J r i 111IJ 1 Jn Tl 1 jJnjTllli'ti|lil 

'!                     t    I' I               '   ^Tl t             t    I      11    IJ'^   ■ 1    1 1 j1j1j i1ITIj]i11111 j IT t J t r t] 1    11 ] T i J J. 1 i 1 ' '! J i 1J '11j 111i j[ i 
nplJJ-4 JJ.j.j,. .4 1      J 1 II      1 t i Uli   i   11.  . .JTII IJJ   !    iJ. 1     1 

11               J.i    1 jjjipidjja i:   jtjjijjj    jjjj-jt j jIj j 11 J J JIj n!i' ii . 111 j L M         t! i ' J   11 iLUftT 1      I              M1 t Lt-t-rn   n r     1      t    i 
iii i 1 n iiiiititii! ^ 11 v 11 j j 11     1U ii 111 äj±]j±]j]jjJa3l3tt '  i ^   i s f  !  M   <' 1  -  '   ! '!   i ä        I 1 t 1 I I 11           I t S1 1 1 1 T 1111 t r T11 ~f M1111 i M 

i                   < ■ Ulli] ILLHtnilll I1T J1J1   1 i 1. J J 1!' L1J     t' .it lllllllll: i itll 11 
.0 .00002 OOOON .00006 .0000* .01010 .00012 OOOlt .00016 .00010 .00020 

OU'ER  flBt"  CIRC     Srn«IN  »I   «   .  0.0   INCHES 

-2.0I10 

-N.O«IO 

6.OHIO 

07 

-01 

.0              .00002           .00001           .00006          .00006          .00010           .00012             OOOIN           .00016           .00010          .00 
OuIER  TIBER  C1HC     5IR«IN   »I   i   .  0.6   INCHES 

•n^jM   iii ii  IIIIIIIIIII I'IIII i   rriiiiipiiiiiiiHUI1 [imHi lulli 
r I !   i i  J *' j J J1 i | [ f i ] 1 i ] i [ I f 111 ) i 1 ; J f         11 ■     1 ■ '       1   i 11  11 i I i"     IJ 11 i LI 1] 1X1 ■         ■ ■ ! i 1 { i i         M I j i   ! 1 

M  M              lltt'mlJ                                                                        I 

in M    iMM ■   i'M 11 1 i ii    'rrtijdJ    ;; 'Mu!!i^tM ■'i i 11    '! n i    'i ' M 
Mil     '' I J tr 11 j tl * 1 Li i i il'! 11    1' i I JH c * a J J J1 i! n i - [M t iM i tt i! i ] ' 111! J1J     l ri J l 

r 1    111    i        H M 1     ) 11     !    -' 1:    1! M '    1 i    i'    i M  MIli iriilI M 1 i  i' f        i 11 i' M i     i i *: i! 11 
t'l    ' h 1M   11 ' M! 1    11   M ' r 1 !   h   t    i' M1    ! 11''   IT n i4i 1' f|['     '' M   1      i i i 11 M s 

M till'''      1   lit "    '      it        I       in"""M       'Ti 
[I' i!i j ilitiL1 ■ 1 lilll't['illll* 11 ' :i!ii:ii'     tilluli]    Jill lillilTll    IlJl]]]]"-!   IJ] 1 1 

l0|nlninilMIII II1 III M II1 M 11 M 111 MIIII M MM III IM II III 1II Ml 11' 111 M 1111 lllll 1 M HM IIIIIITTHJJ 
.00002 00001 .00006 .00006 00010 .00012 OOOIN 00016 .00011 .00020 

4-40 

LOCKHEED   MISSILES  &   SPACE  COMPANY 



"^ SJ 

I LMSC-D244589 

I 
I 

snoot     »mstMMEiRic   CHICK      a«siic pustic                              n NOV H 
OUTER   riBfH   CIBC      STRAIN   »1   «   •   1.5   INCHES 

- - -  -.::::=...,.-... .......| j.  

+-    :::::==..::-.......... ...|-- 
06 + ■"■"" t             H           t1 t :;■■-■.----  

I                                                                         '""■■•«. 

.0              .00002            OOOON            .00006             00008            00010           .00012             OOOIH           .00016            oooie           .00 

OUICR   flBER   CIRC     5IR«IN   »I   <   =   3   0   INCHES 

-?.0«I0 

-"•OIIO 

-6.OHIO 

00018 00018 .00020 

4-41 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



■v S> 

LMSC-D244589 

SHÜRC        KlSTHNETRIC     CHECK          ELJiMIC   PlASIiC                                                 17   NOV   71 
INNER TIBER  CIRC     Srn»lN   »T   t   •   0  6   INCHES 

• i                     :     :   TT ::::::: :.::::I.:::::.:I        :: 
I. ::........  .  . _  I  ::i  .  ._ i    i                    i 
   ::   t J  01    ~■:..               t ..l..t              i 
 :t:;:;:: . ■ ■_ 

1            L        J_ i 
OH ::::::::::::::::::::::i::::::!:::i;:: Y                                 X    _i                                 J 0   t ■•,                                                          T              j            *   t . _.  , t ' -. j 

 _.. ± ...... . ■ ..                                            *-                  r 

06 i  L                  ' ' -                                                                                                    I 
I                      i  :::t t  

        I; ■,,                    ...           i 

:::::::::::::::::::::::::::::::::::::!:!:;;::::::::::::::: 
1                          s* s 

 1 ;::■  t                                       f                   rrmi 
•                .00002             OOOON             00006            .00001              00010           .00012           .0001«            .00016             00018            00 

INNER TIBER CIRC     STRAIN »t   »   =   l   5  INCHES 

' ::;::T::::::: ■:: j: :r T:;-::: ::::;:: ::r"  "t       t- ^  
'*'■'.j,                                                          r 

'>«i 
i                    '■■-•. 

'S^s^ 

-                    4-                 It '"'■■. 
.00002 OOOON .00006 .00906 .00010 .00012 .OOOIM .00016 .00018 .00020 

INNER  TIBER  CIRC     STR4IN  »I   <   •   3  0   INCHES 

Lit                                                        _,                         1 ....^:., ...I TI ........ I         
'■"-.,                             i           ! 

02 - ;;; - - ■ ■ •  ■ - - •  

1                "                                '"'"' ■ a                                                                           '                 ! 
"■« .s                           T 

"■-,,     _[              f 

0
   i                                              *                 '■■■. 

'■--.                  ^ 

r                 j_                                                                                     t    s"^^ 
.00002 OOOON 00006 00006 00010 .00012 .000.t .00016 .00016 06020 

4-42 

LOCKHEED   MISSILES  a  SPACE COMPANY 



^ 
"^ T" 

^ 

LMSC-D244589 

5H0RC        »«ISIMKEIRIC      CMCC« ELASTIC   PL45TIC 
OUIEB   riBER   HERD.   STRESS   «I   <   =   0   0   INCHES 

ooooa OOOOM        .oooae ooooe oooio        .0001? ooom        .oooio OOOIB        .OOO?J 
OUTER FIBER  NERD    STRESS  JT   .   =   o 6  INCHES 

■ in innrnrnin 11   11111 n 11 n 11111111111111111 iiiii iiii 11 n ii 11 n 1111111 n i 

1      t    t                                                                                                                     t                 ; 11 11      1    1           1    1            1          1   1   1         !        1           1                      1                                                  1           1 
M   11  !                                             '                                                                                                  i  1 

[If   I i        M        n       [   1     1   1           I                     I       i 1 1 i 11            '    n 

t                                                             ' 1     U   1         1            111  t  11111111   111                                           1        1        1        1        1        I  1    1      11 11W1 III  1                          1        111   111     1                      1                      1        1        1      11        1                 1      t -nnnn   11J   .[                        1 11    III'1' H    I t          1 11 1 ! 1 11 1 1M M I 1t    I                                    1 t t1 1 1 1 1 M II 1 11 1 11 1 1 1 1 1 1 1 1 11 1 1 It 1 ! M 
1 ' 1                                                                                            !                                                                                                         ! 

1    1                                1       1    1            1 1          1             1            1                                                    1            1 P       1             1             1                         1 
litt                                         1    1                                                                    1                 1                                               1                                         1 

11 1 M   r                 1                       1 ' 1 1 1 M11 M t 1 M 111 M 11 1II11 M11M1111111          t                     1   I          I     I             111 

.0 .00002 OOOON 00006 .00008 
OuTER  rIBER  HERO     STRESS   «I 

oooio        .00012 ooom 
1 5 INCHES 

00016     OOOIB    OOO20 

00002    .OOOOM    .00006     .00006     OOOIO    .00012    .OOOIH    .00016     .00018    .0(020 

4-43 

LOCKHEED   MISSILES  &   SPACE  COMPANY 



•s 1 
LMSC-D244589 

SHOSt        ««l^rHHEIOiC     CHECK EL»SIIC   PL«5TIC 
OUIER  riBER HERD     S'HESS  »T   «   •   3  0   INCHES 

IOOOO 

-20000 

.t .00002 OOOOX .00006 00001 .00310 .00012 0001« 00016 .00016 .00020 
INNER riBEB  HERO.   STRESS  »I   «   ■   0,0   INCHES 

00002 OOOOH 00006 00006 .00010 .00012 OOOIt .00016 .00016 .00920 
INNCH   riBER   HERO     STPESS   AT   x   «   0   6   INCHES 

ii i n i n 11 n in i [ [ I:. 1111 i 111:  : 111;  111' i 111 [ i' 11 i i i 11 n 11 i 11 en 11 i 11 [ I  ,  11:1 <: i <: [ i:. i [ I i' ii 1111) [ j 1 M r      t             t                         I                                                 r r           1   1    n Vi                                      t      1                                                11 

1 1 

C         [H^tttttt-htU-'t't-tt-~-h-"t"^"t-tr^t^^ II   III    1                         I                                                                                                            t L      [       fLLLLLLLrttt""""t"t"tt"II"t"      L " ^ " I L "^    LUL "LTLL "[tr" LLLL ^ "^                                     " * I C ^ " LLLf L LU L □ 
II IIill 1II1 iIImTTIl 111 Ii 1 tlit lill   11111II11IIIIII1111 IIIillllliinil lillliiilii II IIIItil 11II 
E  "trEtcEcctEEEcEc^'EtEEcfcEt'cEEE""^ 

f         |   ,     ,     ,,   I     ;    f   [                        1    l                    l   I     ,    |          ,          ,     ,         1    ,          ill                1     1           i          .         1     .    1     .    1          .                    i    '                    1              1   I          >                     1     <     1     .   1          i     i                 I     .              I                   I    1              1 I  It    1  t                                           1                  II                  I 
1 1 

n       it                        1 

Jt 
In         tl                                                                                                                         t lt::::;:[[ttttttttt:tt:ttt:.|:t^-t:t::t^ttw 

.6 .60662 .00001 00006 .00006 .00610 .00612 OOOIN .116 .00016 .00020 

4-44 

LOCKHEED   MISSILES  8c   SPACE   COMPANY 



-rg 

LMSC-D244589 

SHORl        AXISTNHETBIC     CHECK          ELASTIC   PLASTIC                                               17   NOv   7| 
INNER TIBER MER       STRESS   AT   «   -   i   5   INCHES 

1 ^"!..!" J!. ^ Ü ■"!'/■  J 1T    ! "    !" XT"   -" '  " I" Ü"!   "!     I!   ""   -"   - -     -   - - -   - T   - -L - - ::: ;: . _. :;    .±± --xt   '-   ^-        i    - " 1  

i                                        L.     ' 

i                                   "                                                           1                "                                 f                                                                                                                                                                                                                                ! 

600Q  j ................................................ ^ 
ll .        ,1 

1                                                                                             ""                                                                                              "^                   i i 

1 
::t:::::;  ;::::I::::::::::::::::::::::::;:::::::::::::::::;::::::;:::::;:;:::::::::::::::::::::::::: 

" I:"! 1 ■! "::   :" " ':"":: :         '"  

S 
iftfirtn       T'                                              .                             .         „       ..      .    ^                    .._T_                ^ 

.00002 00004 .00006 .00006 .00010 .0001? OOOIM OOOIG .00018 .00020 
INNER FIBER HERD    STRESS  »T   «   .   3 0   INCHES 

-10000 

-20000 

.0                .00002             OOOOi           .00006           .00006            .00010            .00012            OOOIH           .00016             00018             00( 
OU'ER TIBER CIRC     STRESS   «T   «   =   0   0   INCHES 

■"■^           ^ 

_]>,,,           ,,      _   .   .       _-_. .. __ --  -_. ... , -L- i-      - -- 
...:: " "_. ."  ::::= ........   

f      '"""-. 
i           i                            ''"•■, 

1 '                                           '"■"•■, 

■'"--,, 
=~~~-, 

6 ::::::::::::::::::::::::::::::::::::::::::::::::::::::::;;::;::::: 
:.:::.:::..:..:...:.:::..::........ i  !.:::::=. 

.00092 OOOOt .00006 .00006 .00010 .00012 OOOIM .00016 .00016 .00020 

4-45 

LOCKHEED   MISSILES  &   SPACE  COMPANY 



^ 

LMSC-D244589 

SHORE       »«.SrMHFTRiC     CHECK          ELASTIC  RUSTIC                                            17  NOV  1\ 
OUTER rIBER  CIRC.   STRESS  AT   x   .   0  6   INCHES 

1 
1 

r ::: : _.   :      ::    ±..:.::;::..:: :     : i ....      ..                                                                                                                    ::: ; 
1                                                                                                                t n 

. t      ;:..:::,:;:::..:   r.            ::            ; :;:  ::       1 .it  : :::  :: :           .:  ::  :.   

.1                        i          J I ..i    ::: :.:::.:::   ::::       ..::.:::::..::::: ::     
I \       ::...::::::::....::;...:.....:.:;.::...::      

i 

„oooo ■-■•■   ::::::::::::;:::::::::::::::::::::::::::::::::::::::::t:::::::r::::::::::::::::::::::::::::     t : t -t -  
.0                .00002             OOOOt           .00u06            .00008            .00910           .00012           .0001«            .00016            .00018             00 

OUTER fIBER  CIRC.   STRESS  *T   «   •   1.5   INCHES 

'CT::::::: :T:::^:::::::::::::::::::::::::::::::::::::■:::::IT:::::TT:::T::::■::::::::::::"" r_             ; T       T";                 .                                                   ..             JT             -           It t.        :: :      ...          ::;;.:            ;         : .        i ±  ::: _ t::..:::     ±: ::        ::          I:::::::::;::::;:;;;::;;;:;  :: 
luuu,,t — ■ ■ ■ t T " — 
        .. _.                 ..                     ....     ■;..                           .    -        

: :::;::::  ::::::±:::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::: t      \                 r        _                           _                              :_ 

:" ::::'" :i: ; " ' :        ±             ;:;: 
MDQOQ -^Smiii I:::::::::::::;::::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::: 

::± : :     :_: T     „:::::::::::::::::::_.:       i.:.::_::::..:.::_:::::.:: 
i         :;                ji                                                                               _             J 
T :        ::   i"         :         :  : : 

:±:::::;: ::::::±::::±::::;::±:::::::::::::;:::;:;:::::::::::::::::::::::::;±:::::::::::::::::: 
.00002 

I 

-10000 

-20000 

-S0300 

-H0090 

-90000 

-60000 

OOOOS .00006 .00008 .00010 .00012 OOOIN .00016 .00018 .00020 
3UTER   FIBER  CIRC.   STRESS   »I   «   •   3.0   INCHES 

5; 
n 

.00002 OOOOt .00006 00008 .00010 .00012 .0001« 00016 .00018 .00020 

4-46 

1 
I 
I 
I 

LOCKHEED   MISSILES  &   SPACE  COMPANY 



«■Ö 

I LMSC-D244589 

i 
SMORC       «xlStMMURIC     CHECK         ELASTIC   PU5IIC                                             11  NOv   71 

INNER  FIBER  CIRC     STRESS   «T   I   =   0   0    INCHES 

[:■ KprrrTrrrrrr iäf": [[[ r rr n 
11   i [ ■ j sPfKL L ■ h! 111 11 n       '      i   i     '      [' ii' * i 
1       '    \i  '     jj    1" t"T[tji i    -  11 [  lul [in'    1   II ' l             '   i    >  '   '          i    i  ' N    Uli 

ll      >' M! i ■! i i i , ' r i 1   [:[|:kfc L u i!'   : . ■ i i i i   ■ i j i! i      '     111   '■','■   i   :' ■ i! ' i i'!' > 
1 U||]          M' 11        [ tpEE    i   ! ''   ' ! i   ' ^              i '            i 

i                         1       [ j                   1   '                         1   i                   ,              i          i   '          [T^tEli                '              '      1                      1                                  '                                    '                 •       '       1  !   '      ' 
i]_     il r I i. ■ i i , ! ' i i IM ' i     [ [[[]"'] [^  !   ThtL   M 1 1   1 ' i I i ili ['■' i   ' u Ij   1'' 
1    !    hl!    l'11        ill i           '    '  I    1  i ' 1 J    r''   "LLkE[I     ii     M    il'f           i    li    '      ' M 
1 ]           1                                                                                      It+^-l.                1*1                         1   1 

1    (      i                 i                              '   T                        1      I'         4                              '         '       i       """^^     i              1         .                         I 

:::::::::::::::[:::::: : :::::::::::::: J:::::::::":::   +::: 
+  

  _„ __    L 1  ..     I .:% tüt- . ii- iL-i -i   ....._ St-lit-mr::::.. 
.00002 00001 .00006 .00008 .00010 .00012 .OOOIH .00016 i)OOI8 .00020 

INNER TIBER CIRC.   5IRESS   »I   «   ■   0.6   INCHES 

H 
-IJOOO 

20000 

-300J0 

::: 

10000111 KQf 

-10000 

.00002 .00001 .00006 .00008 .00010 .000 c .00011 .00016 .00018 .00020 
INNER  FIBER  CIRC.   STRESS   »T   «   ■   I   5   INCHES 

-20000 

-30000 

-10000 

-SOOOO 

-60000 

.00002    .00001    .00006    .00008    .00010    .00012     00011    .00016    .0001*    .00020 

4-47 

LOCKHEED   MISSILES   &   SPACE   COMPANY 



"""v «9 

LMSC-D244Ö89 

SHORE     ««istHNcmc   CMtc«      ensue PL«siic                                n NOV ii 
INNER  TIBER  CIBC    SIBES5 »I   «   •   J  0   INCHES 

j ^      11 i i 11'   L      I   111' i     11! i    ! *' ^ i   3'i!' *   *     i ' s i1 *   I        11! i' i          11      i >'   i 1111 f 11111   ! i I          LiJ 

11'   LiiL   ' 't 111  1 1 u "JILU'Lllli ''[rirtr^ ''''LIIIIILL'L'''LU 1 ttt4LIIII 1 it'illU     4-H 
[ i ' '    '   It'll            ' i 11! * M 11 1!' !   ' 1» !   i i i'; ■ '          i 111 *          ! ! 11!! 11          '! 1       11 i   ! [ 1 M 1' 1   * 1 111 '            ttl 

tl-     i       14 t           iirh[ri['iniii'! + li',Tt]tt     t-Tt*1      i,TTi'-,iTl,l'',iif     MfllJ^'rtrl1           ttl 

r   L  LLIL    ' LLLLLLLL'' LUJJ'jii.'' HJ [L1 '"LLLLL   'llill rr--" III' Jit ' LU LLLL'''LLli'      tll 

N   1        1              t             t              1              11            1       i      t        litt        i 
i 111       ML L     L  JJ J   ILLLÖJIL     ■  LLLL        LLLLI '        LU'JjJiL [LL tiU   LLLI         JIJ ooooor---[ry|[■ ■ ■rrtriliillllItH'liit!illllI-"'[iliili! i1111111 r'• TnifliT  ll iniiiiiTni      ni imilmroiJ^JiwmiJi^ 

.00002     OOOOH    .90006    .00000     .00010     .00012    .0001*    .00016    .00018    .00020 

4-48 

LOCKHEED  MISSILES  &  SPACE  COMPANY 



■V ^r 
LMSC-D244589 

I 
I 
I 
I 
■ 
I 

I 
I 

CM 

rl CC      o wo     r^ 0 
«1 •«1«                        c. 0 
n\ ai 0-                     ♦ ♦ 
«1 z -« 
*■ 

j     oria o 
n z o             <o  - • 
CJ a a             win 0 
<M z ■•                   « 

e                  ♦ 
w 
♦ 

m om w     r\ ■0 
»n o 0 
<M ♦ ♦ 
m t 

■a 
in 

a i •      o w wm • 
o i CO *                  N   - • CJ 
o I « <M                -in 0 to 
3 ■-« ^* I                         ▼ w 
at TT ff ■                    ■♦ « 
Ui t-       a rl w      « <o <o 
CJ • a                  o 0 ^7 
z TTTTTT _l V                           ♦ + 1 
T» 7 

o 
.   .   •   -OO 

T4W<-« V«ZZ 
3  <« 
u. 

C3 »> •     •     I      •  w w «     c-. w ri »(     r 1 
a Q <J O <J OKI- 

? 7 7 zo a • • 0 r> 
a m WM w —zsr •« w m 

<v « « ♦ 
0> (M z z z r x: w     n w w     « •0 •0 

K1 ♦ » ■o CM o • ■ »-                       o 0 T» 

M r^ IN f^- » M       U II    II     tl     H Z W                          + > 1 
rvi in H tn r^ u.     o .-^ *«• 4 UI 
in   • • -s m •^i a     z - " - --TO z I. II 
w*tn t- « ■v ■v       • »-     <n TT T "» « - Ui —     « w w • 
OK :<? o a    m *                      3. •  -   -   -ri-H r O:o                  »4   - • O 
•»\o •    o Z W >« v< «4 «   « « UI 'V                   - 0 0 O 

»n i ui  • ^l •> cu • r\u» UJ   • o ♦   ♦   +    + O U * a _i               w w CJ 
fj to a: ri 1- C« 1- rit- •» cr LU o u u u u z z z X                                  ♦ ♦ ♦ 
ü OI-3I-3I-3« o oc o zzzz-~ UJ« ui     <o w w     0 0 O 

U X  3Z 3 if i'.a I o z wo »*   w   w fc-   »- I z w             0 D O 
w M Z « Z «• o> i moa. >- o. ►-o.a. 4 Ui «                    ♦ 4 1 

Ui r» ra n>r M     o2 z x x^z: X (T 
>- 1- KKl t-nt-niAuz     tn cj (/I < u> (M 
Ui •   « M * *~* — \Xi   mm a • O rl WD Oi 

t3 -J o a LU <J 1^ o ui o 
MUlS 

a.a. ui ac m UJH-K w                •    • - w 
OUJ M M 0 03 •o « o o> a «a n D 0 . • 
_fQ-< < 3"« 3 -«S^MOta-U. ^ ( mrx w w w 
• • • • • • • • • • • • • « « •• 

(/)U)(/)t/)</l</)(/>l/l(/)</)(OUl(/)(/l(0(/>IA 
LiiUiuiuJuiu>ujuiu:uiuiu.'UiuiLLruJui 
UJUiUJUiUiUiUiUiUiUiUiUiUiUJUiUiUi 
ocaraoccrtrcrtrürtrfrorQrircrarar 
L»(J(J<JtSOLJL3t3l3UUUÜ>UUlJ 
Ui UiUiUJUiUJUiUiuiUiUiUJUJUiUJUJUi 

o     wroom     o ao Q Q o o QQ Q o o o o u OQ 
w 

OOOOOCJOOOCJOOOOOOO 
W(vj K\*• in»o r^ 

o      ^.WrlW      •■»«««■•■■■•••••« 
www 

l-»-»-t-»-»-»-»-»-l->-KI-l-l-l-l- 
UiUJUJUiUlUJUiUIUiUJUiUiUiUiUiU^Ui 

o      wmio-«     x Ti x x I Ilix x I XII I x 
W       »-t-l-»-»-!-»-»-»-»-»-»-»-»-»-»-»- 

zzzzzzzzzzzzzzzzz 
ooowww     •««•«■«•«•«■«-«•«•«■«■«•«■a-««-«'« 

www 

UiilluiUiUiUiUiUluiUiUiUiUiUiUiUiUi 
XIIXITIXTTTTIIIXI 

O o w W^ KIO O OUUOUUUOOUUUUCIOO 
wwzzzzzzzzzzrzzzzzz 

o K\«c>r>jK\cow*r»ooooc}ooo 
r^OOinwWWri    •    ••-    ••    ••    --    ••    ••    mm    • 
in w wwwooow rtw mni «vr\ K\KI Kin r(r\ n 

W HMMUMMIIUMIIUNMliHil 

OOWWOtMiOXXXX  XX  XX XX  XX XX XX  X 
r-<  rl 

t->-»-t-l-t-l-l-»-»-l-l-l-»->-l->- 

Ift 
fvir'O «rnr.r<t-»-»-»-»-t-l-»-i-»-»-»-t-i-i-»-»- 
W W W W W z zz z z z z z 2 z z z z z z z z 
• UI  UI UI U< UI UI UJ U! Ill III 111 UI UI ui UI IU UI 

2:i:i:s:£:ri:Ez£:s:3:zz:xEt 
UI UlUl UI Ui Ui UI UI UI UI UI UJ UI Ui UI UI Ui 

ooowwinwr-.o<Jooo<Jooooooouooo 
♦ -I-1-1-J _l-i-I-IJ J _« _l _l _U _J _l 

aaoLaaaaaua-naaanoa 
0>(AI/lUl(/)U)(/)u)(/)(/)(/)(0{/)U}|/)(/)u] 

in     o o n o» w w •-••-••-■■-••-•■-• *-'»*•-••-••-■ »^ •-•-.•-. ^i ■-. ^, 
W,   WQ CQ QOQQ OOCiO QQ QO OO 

w -I -I _l -I -J -( _1 _l _I -I _I _1 _l _J _t _I _| 

-O        OOWW*CO— —'—"•-•-■ — —•—••—"—■—• — " — — — 
o wwcocociocnceciooacQc 

(TZdXxizxziEccxixxxzcrir 
o<c own www 

• t\l www 
• n wNio«in>of^«)»c->r.v»»i*m<i»v 

<M o o 00 OO Oo O W W W W W WW w 
« iOi3iaio iciioioio «sic 1010 100 IOIOIO 

4-49 

LOCKHEED MISSILES  &  SPACE  COMPANY 



"""v 
^ 

LMSC-D244589 

uiui<nu>i/:u)Uiu]U)i/iu) 
u.' 'Al Ui u: U.' u. UJ Ll.' Lu Ll! HI 
UJUiU-UiUJUIlliulUJUJUi 
aaocaccaaaaeca 
ijjuju.' -üU-UJUJUJUJLLJU: 
aaQLjccjaQQCia 

ooo oo oo oo oo 

UJU.'UJ UJUJliiUJUJUJUJUJ 
XTTXTIIXIIX 
t-t-i-k-*-*-t-t-t-t~t- 

i/) n tn j» 'rt u» •/! ui ir) t/> ui 
UJUJUiUJUJllJUiUllllUJUJ 
TTTIXIIXXXI 
UUUUUUUUUOU 

ooo o o oo oo Oo 
r»l nrt r^M iflfl MM MM 

XXX   X X XX XX   XX 
1- 1- 1- 1- t- 1- t- t-i- i-k- 

1- »■ 1- ►- •- ►- »- 
T -Z Z 7. Z Z Z zz zz 
UUJUIUiUJUlUiUJLliuJUl 
rzi: CTEirE i: r EE 
UllliUilllUitilUIUJUiLiJUJ 
uuuouuuouuu ■e < -a *t 
JJ-|_I-IJ_I_I_I-1_I 
a n a a a a a a a a a 
UIUIUIUIWIUIUIIOIOUIUI 
□ aaani_>Q^iocio 
_i _i j _i -i _i _i _i _i _i_i 

cocooocacoo 
jjiritriracirttirirai 

<o a o «rtiMM« IT* ■« r»« 
•4 WM (Vf« MM MIM MM 
IOOIO IOOOIO laio os 

4-50 

LOCKHEED   MISSILES  &  SPACE  COMPANY 



I 
I 
I 
I 

a. 

o 
■» 

1» 
LMSC-Ü244589 

« 
a 
a 

o 

U) 10 •-• 
0. 0.   - 

oo 
♦ ♦ 
oo 

♦ wo . •« 
o 
a 

1 
a 
■« U) 
iM 0. 
z « 
■-1- 
-1 
Z O -1 
OO -1 
z ♦ Ul 

eo X 
ID 

<n 
oa 

<o «UI 
in »- V 
1 ** -t 

•a ♦ T  _l 
-o N Ul • 7 111 
Of  ■ — z 
K K o 
■ X 
_>>■ a 

oo 
« ♦ 
oo 
oir " 

. - «. 
a 
o 

a 
o 
o 

o 
7 

O«   « »< Kl O 

■ N n H M i 

(A 

öbi 

Ul 
-      Ul 
z ai 
~ au 

mui 
• (MO 

o   - 
O       K» 

• "v       O 
z m    ♦ 
-» J       o 

o 
ij o oao 
O O O »4 
o -^ «n • 

oo 
« ♦ 
oo 
oin > 

■ ■ »- 

in v)i- 
• • x 

»- •- • 
. > u 

en 
— o. 
Ul 
a. 

o 
o 

T m 

a a 
u«x 
a _i x 
al 

I 

I 
X t- 

J-l 
Ut Ui 
a a 

oo 
^ z 
c o 
o u 

I« >- 
K K Ul 
ui « us >- a _• 
■« ^ _> 
_1 ^Q. 

o r: 

>- 
■ ■  ■ nc 

»- O -z 
XT 

o 
at 

w 
ou — 

zz Z I» — 

z »- —r) 
o -«z o 
j        or — o 

u. r 
in ui 

_l >- Z QO 
■« I »- O       t- 
s: (- —w uj ►- 
ir <j in i/> _/ </) 
Ul ZZ —u < 
X UiUI c Z _l 
»- -taa -«ui 

ui 
in 

ui<a 
U1UI 
M« 

jjl/I 
IT 
•-ul 
u) a: 

□ •- 
JO 

US 
xu» 

o 
o 

o o 
a  • 
o 

»i 

U) J 
<»3 
uir» 
(EO 

M 
13 

QZ 

UIZ 
—ui 
>-Q 

K 
UI -d 
>X 

<- r 
(j- 
U14 
UDC 
U.k- 
UIM 

U   -<A 
tuuz 
UlUl -< 
I  UJ >- 

■ UJ I-   ■« 
a.u.ir »- 

• a 
x a 

(M 
IM OO 

Kl   "^fOO 
«a  • oo 
b.     oo 

71«.       • - 
O Ul 
— o 

_l Z H    M   II 
■^o 
£ »UJ      Ul 
or (»in -I 
oz j>ca 
u. <« :3 t- z a.a.— < 
>- x CO 
I- Ul -»oui 
•~ _IO 
o jr ui z 
•-   ' a » ui 
»-   -   C      Q 
ui a -i ui ■-• 
« ui X > u 
-IX ^-«z 

o 
Ul 
in 
i 

o 
o 
o 
o 

7 
Ul 

Ul 
o 
o 

o 
z 

a c 
•« 
a 

a 
z 

UlMlMO^ 
MM MUl" 
o •- o r»   . 
ac _JKO 
oliu o 
•*•-•.*-• oc 
»■ y r »- 

OO o 
og oox 

o o oo 
0«( r>0 
■   •   • o 

■3 

mot 

uia ac 
o»-a. 

UJ i 
Ul 
VI 

o 

. Ul M 
IK u 

, V >- 

z u 

GC 

Z I- 
Ul 
c c 

Ol- 

OM 
M 

-IU 

Ul Ul Ul       J _» 
SS^JfJ <« 

z 
^^K-a o 
■«-»»-    H a •-• 

or < 
ui 2 
u. a 

: cc a 
l"»ll! 
:u'4 

-  3- 
»-      >•»-     c 
3 3       2 
O O 

Mr» (A 
»-111 »- ttl 
2 >-»- Z >- («■ 

OK 

■ 5 
us a«*"*^*- 

uioae -a 
oc    a«     - 
»-I-    t-t-et 
M ZZMza 
-IK ■* _I0t uiM -I 

ZM    . Z — « 
Ul Ul -IUI -4   _ 
K K •<(£ ara 
uit- z utt- a 
U. MOU-M 

3 C 3 OC 03K 
O»- t»'«« «-»o •« - or uiasK ui c 

UMSUMOI x:o 

o»- 
z 

3 •- 
OK 

c —o: 
«r 3 

^ft-M 
02)       M 

Ul 111 
ir or 
311. 
M 

-IUI 
■*ac 
z Ul 
ou. 
—«a. 
03 
— fj 
K K 

4-51 

LOCKHEED   MISSILES  &  SPACE  COMPANY 



^ 

LMSC-D244589 

Q. 

oocoooooooooo 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦ ooooooooooooo 
ooooooooooooo 
CO CO (O 9 to Ä CO (O CO 0 ID O 93 

ooooooooooooo 
inirtmininminmirMrtmirMn 

«H«-4r-t«H«-l*HiHT-t«-l^-<«-t«-lvH 
••*•♦    ♦♦♦♦♦«♦«♦♦ 
ooooaoooooocio 
OOOOOOOOOOOOO 
OOOOOOOOOOOOO 
OOOOOOOOOOOOO 
cooaoocoooooo 
ooooooooooooo 
ooooooooooooo 

!/) 
Ui 
X 
I) 

ooooooooooooo ^ 
«♦♦♦♦♦♦•«♦♦♦■»♦ —■ 

ooooooooooooo 
0^.-)0000300003 c» 
OTOOOOOOOOOOO CJ 
OOOOOOOOOOOOO ♦ 
OOOOO OOOOOOOO a 
OOOOOOOOOOOOO tf> 
ooooooooooooo tM •< 

T-itMm •r^^«f^lO, O  T-« OJ ^ 

4-52 

LOCKHEED   MISSILES &  SPACE COMPANY 



^s 

LMSC-D244589 

O OOOOO OOOOOOO O ODO O C3 
iriiiiiitiitttriiii 
oooooocsoooooooooooo 
o ooac o ooooooooooo o o 
ooooaooooaooooooooo 
ir\iiMnirinnif\tf<ir\ioir\ir>KNirti(Mnini(\irt 
(MCMCMNNNtMrMNCMNNOiCMNNNOIOt 

ooaooooooooooo ooo 
■ llltllltlllltlll 
oaooooooooaooo ooo 
oooooooooooooo ooo 
oaooocoooooooo ooo 
c^^[^^M(Mf»^^l(\l(^J(v<^a^^(M^M(^^(M(^^(^, 

■    •; 

ooooooooooooooooooooociooooooooooooooooooooooooooooooooo 
iiiietlittiililitttiti   >iltii*i   itiicl    *riiirtiiii»«iiiiiai 
OOOOOOOOOOOOOOOOOOOOO JOOOOOOOOCJOOOOOOOI-^OOODCJOOOOOOOOOOO 
OOOOOOOOOOOOOOOCOOOOO 3000O OOOCOOOOOOOOOOOOOOOOOOOOOO OOO 
OOOOOO OOOOO O OOOOOOOOOOOOOO   OOOOOOOOOOOOOO OOTOOOO OOOOO   OOO 

(\INNNNN(vr«IN(Vrsl<Nirvi(>t(\l(\l(\|(\IN(\|rj(VINNNrslNNr4(>JN(VNNr«INNNNNNN;iN(NI(>ir4NNN0JN 

oooaoooooooooooooooooooooo oooooooooooooooooooooooooo ooo 
I I I I I I I I I I I I ■ I I I I I I I I I I I I I I I I I I I I I I I I I ( I I I I I I I I I I I I I I I I 
oooooooooooooooooooaoaoooooooaooooooooooooooooooooooooo 
oooooooooooocaoooo oooo 000O0 ooooaooaoooooooooooooooooo ooo 
oooaoooooooooooooooooooooo oooaoooooooooooooooooooooo oo.~3 
in irnninminminminxiTi mmtnin mirttnm ininmmin mminmin m in m inm ifvn IT» m in n in in in m in m in in m r\ ■ n ir n m 
(M(M(M(M<M(MIMCV(MCM(M(M (M(M(Mni(M(Mrg(M (MOiNN(M(V(M(M(MN(M(M(M(Vnj CM(MN(MN(M(MN(M(Mni(M(M(MN(\| (MtMCMCM 
>0 -O «O «O -C ><.   O -O ■ O  X> O O   O'O'O'O'O'O^l'O   'fr<<l<4>0«0   4}  <0<0«00  <O4><0   «O*«)   *> O   »O <<} <o   <J -C *J   o •« >o   <0««0^<0   HD   -C <C ^) 

oooaaocoooooooooooooooaooooooooooaoaoaoaoooooaooooooooo 
iiii(i.icribkiBrrikir(ii>>i*i(iii    •«•riii;tiiiir»i«ifiii»iri 
oooooooooooooooooooooooooooooooooaoocsooooooooooooaooooo 
oooaocoooooooooaoooooaoooaoooooooaoooooaooooooaoaoooooo 
ooaooooooaoooooaaoooooouoooooooaoooooooooooooooaooooooo 
nininir-iina^inininininin»\ininininmini»\inriinintf>inininic*iinin»\inin«n>nciin«>in<>inin«^inininiri>Ain<nin'n 
r,t\;njc»itNinjrg(\jcvjfviM(Ni(>i<Ni(\iOii<^(M(Ni^<^(NiW(\jNr»ininicvj(^(\irsirJojN(\irgw<\ininj(\4(vinjc>4rvi(vjrgoa(\iM 
<3   C*}4|<0«4)«««4|«<fl««<C«*04)«'C<<l,C<0^«<a<lO'0'<l4)«<0<«'OO'C«<0««<£«<C<C<C>C«<CO<F'0<> 

oooooooooooooooooooooooooooooooooooooco oooooooooooooo ooo 
i   tictriki>   Hi»   •((»••t«*»*«**»»-**   •>••■•••■••■••   ••t«««(>«i> 
ooooooooooooooooocsooooooooooooooooooooooooooooooooooooo 
oooooooocooooooooooooooaoo oaoooooooooooooooooaoooooo ooo 
oooooooiioaoaooooo oooo ooooo oaooooaaooooooooooo3coooc;o ooo 
in inininu.ininininininin ininmiAx\iAintn tniAininin in m in in in in in in ^n m tnininmininmn xi in in n nminininininn 
(MrjtMN<vp>;(vfrMrj(M(vr>i wfMnicMCMrMcvjrj NMtvivtMMiVNWnjcMMnifv;^ I\JM CMr4NpjNrvJ NnirjwniMnjfvitMwnjni 

I 
1 

Z3 
cn 
a- 
►- 
m 

1 
o 
in 

z 

1 I 

1 

oooooooooooooooaooooooooooaaaaac ooooaooaccooooooaoooooo 
fisiit»fiiii»tt«iti.«ir«tiititi»i»iiiii««t«iiittiiiiiiii 
ooooooooooooaocooooooooooooaooooocoooc-'oooonooaooooooooo 
ocaoooooooaooaooooooooooooooaooooooooooo^jaoooooooooooooo 
ODCOOOOOOODOOOOOOOOOOOOOOO oooooooaooaooooooooooooooo ooo 
ininiriininininj>'nininxi>ninininiftir*ininir'rtininir»ininvnininiAininiAininin^in-Aininin,nininininiAtninininin^ 
rvicviriicviiMniNNninjniN N(MNCMN(vi(viN(MnlNNN(MnJNN(Mr>j<\jriir4N (MNnjnjoiNNrMNcMNNcvinKMNCMtvicMnj 

I   I  I   I r   i   ■   ■   I   ■   t    «   t   »   « •  « « till!      till      t.|l     II      til 

ricvin^iTor^«:» a^rvio^moe^x» ripjin^ino^x» Or4(\m«m« ►"«»  rtoi mvm'Cr-Kivo .-itM "i « m « «^ 

w-«ww»<rtW-»w^-iw>-i»<^i«-«^<>-«T<r^^f».r»r»f~r^t^r».r^r~rvr».i^r^'^ r».r~^ ^(^i^«^,<-i^riw-Hrtwv<w-^^-< 

^^^^W^rlrlrlrt«-lrl>-*«4v4vlrlv4>4WWvl'lT4»4»4rl«4rlv4rlrt>-IW'l>-l»lr4ni(\J«\jCVJCVi;>J(VinJnj<\JCVJCVinjnj<Vinjni 

4-53 

LOCKHEED  MISSILES  &  SPACE  COMPANY 



'N 
^ 

LMSC-D244589 

o o 
r   t 
oo aoooooooooooooooooo 
O o O O CD O OO O OO O O D O O D O O O O 
oo aooooooooaooooooooo 
mm ooooooooooooooooooo 
(M CM o o o o o o o oo o o oo o oo o o a 
o <o ooooooonooooooooooo 

ooaoooooooooooooooooo 
■iiiriitiiiiiiti*tiiii» 
ooaooaooooooooooooooooouaooooooooooooooaooaoooooaooaoodooo 
onooooooDOooooooooaooocaoooooooaooaooooooDoaaoooOQOoaooooOO 
ooooooooooooooooooooooooooooooooooooooooooaoooooaooooooooo 
l/^r\J^l^^lr^lf^J^lf^l^l^nlf^l«^lnl^llnl»^ll^ml^^ll^lf\oooaooooooooaooooooooaoooooooooooaooc• 
(Mt\iNOJ(MPJtv4t\»(v<M(McMNr>i(MM(Mrg(MoiMooooooaooooooooaoooooooooooooooooaDOo 
o«««>o«o«o<i««<>««««<)0«'cooooooaoooa3oooooooooaooaooooooooaooa 

aoooooooooooooooooooo 
i   i   i   ■   i   i   i   I   i   I   I   i   I   I   I   i   I   I   I   I   I 
ooooooooooooooooooaoooooooooooooooooooooooaoooooaooooooooo 
oooooooooooooooooooooooooooaoooooaoooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooaooooooooo 
injimrtmviMninininirMninin'Tivnmmininmooo'-aociaoo'Doar^T'^aaodooaicjO'aooaooaoooooa 
OJrviW(M<Mrvi(MfgN(MCM(\INM(MfMM<Mf><C>J(MOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOO 
>o««««<jo>C'0««'0>o<><>>o««<iO'OOc)0 3oooQaiJoooooaooaooaaoaooaoaooooooa 

ooao oooooooooo ooooooa 
•  »   t   r   »   iirriittiriii   ■•• 
oooooooooooooaoooooooooooooooooooooooooooooooooooooaoooooo 
oac.oooooooooaaoooooaooooooooooaooaooQr'oooooooooooC'oooooooa 
ocsooooaoooooooaooooooooooooooooooooooooooaaoooooac.oooooooo 
iniriirmmuMnmirmifMriniiMnnminArtmooooooooooooooooooooooooooooooaooocsoo 
(M<Ni(MtM(M(\ifv4ryM(vj(\»f\Jtvi(\<rg(MCM<MOifsitv»oooooooooooooooooooooaoooooaooaoooooo 
««««««««««««««-^««««««aooooooaoaaooooaooooooo ooo oaooooooooa 

oooooooc^ooooooooooooo 
•  ■   •■■■•■•»•r   ■!   •   *  t   I   ■■■ 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
ooaocoooooaooooaaooooaoooooaoooooooooooooooooooooooooooooo 
cr^ocooooooooooooooooooooooooaoooooooooocooooooaoaaiTiooooooo 
j(irxiinx>ir\inir>ini^x\xiir»ir\inrf\if\if»i«Mnif*oooaooaooooooooaoooooaooooooocooor»ooo 
■NtvrMtVitv^fMr.iMMrcMrjtMrJtvMfMPjCMrjoooocciocroaooooooooooociocoaoaociOOOoooo 
o««j*o<£ooo<c4i<c^<}<Ai<*4:<<)0<o^'^>oooooooooooooocooooooooooooaoooooaaoo   

oaoa oooooooooooooonco 
»ft •iiiiitiiiiititiit 
ooooDoooooooooooooooooooaooonoaoooooaoooooaoooooaooooooooo 
OOOOC3r»OOCjOZ*0-30   3JOOOr>OOZJOC>OOOOOC300JDOOaO*3000000aoQC1000000000 
ooooooor-ooooocooooooooooooooaoaoooooooooooaooooooooooooooo 
^r>r\!rimminvn,/\iniriJ>L'iir«ininif»ininmin'5ooor>-3o^ioT,30o^-53r3oooc33or»oooaoooooa'5c>o 
csicM(MtvifMrsitM{\j(\iNM(Mfv4(M(MN(M(NJW(MtMOoc>aooaooaoooooaoooooaooaot>oooooooooo 
<]«'4>4^>043O4141<0^>i0^<04>^>4>'0<04>OOOOOC3O0OOOOCIOOOOOOOOOOOOOOOOOOaOOOOO 

■1.0 »-if\mvir<,t^«0'cr«-*c\ir>*rtr^t^eoo *-ieMm^-tr\'Ot^c»a»-icvKi^ir«,r*«i>«-««vi^«i^«o^ct^o «-«oi i'» « « • ^ «3 
*-t  rl T-l  •■)  '-I TH  r4 <-<•-•  <-l r-l •-« i-< •-) r-l rl  <H <-• W <-l  rt r4 <-l rl «-I   i-l rl  .4 W •-)  <-• 

4-54 

LOCKHEED   MISSILES  &  SPACE  COMPANY 



I LMSC-D244589 

O OOOOQ^JOOOOOOOCIO ooo 
o ooooooooooooooo coo 
OOOOOOOOOOOODOOOOOO 
o c ooooorooo OOOOO ooo 
OOOOOOOOOOOODOOOOOO 
n ooooooooooooooo ooo 

oi.) OCJUCOOC ooooo ooo oocioooooooooooo n r> o o o o o 
ooooooooooooooooooooooooooooooaoooooooo 
oooaooooooooooaoc.' ooooo ooooooooooooooooo 
o ~i ooooaoooooaoooo ooooooooooooooooo ooooo 
OOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOQOODOOO 
OO 3 0000030000000 300000000300 3 0000000000 

ooooooooooooooooo ooooaooao /»ooooo 00 Cioaoo 
ooooooooooooooooo oooooooaoc-Oooaoooooooo 
oooooooooooaooooooaooaooooooooaooaooooo 
TaorjoooTTJoo^oooooooooo-Dooooo^Jooaoooaoooo 
oooooooooooooooooooooaoooooooooooaooooo 
0 0   30C3 0300 0 0330 0 0000000   0  003000000 OOOOOOO 

aaooooooaoooQooooooooaoooooQoooooaooooo 
oooüCc.Qorioooooc'acoaoorjocaQCJOrioooooooooo 
oooooaoooooooooorjoooooooaoooooaooooooao 
oooooooooooooooooooooooooooaooooooooooo 
aoooooooooooooaoooooooooooooooooooo0000 
ooooooooooocjooociocjoociaoooooaooaoo 000000 

ooooooaaoooooooooooooooooooooooooaooooo 
ooooooooooooooocooooooooooooooooooooooo 
coocroonn'oocoooooooooooooooooooaoooooooc' 
OOOOOOOOOOOOOOOOO   00000000^)0000000000000 
oc^c-jooooooor-oooooooor-ooooooooooo-ocaoooooo 
OOOO0O00O0OOOC3OOOOO0t:OOOC0O0OO0O0OOOOOO 

aooooonoonrioaoooooooooc-oooooooooooooooo 
oooorooooooooooaooooooooooojooooouooooo 
ooooooaoooooooooooooooooooooooooooooooo 
-J-l 00000-30000r-J-DO">0 o^o^ooo-D^oaoorioooo^ooT 
o CJ o r> o o o o o o o ci o o o o o r:i o c_ o o c o o o o o o o o o o o c» o o o o 
ooooooooooooooooooooooooooooooooooooooo 

ooooonooo 

CM II   II   II   II II   II  II   II 

o.¥-i(vr^*ir\>oi^i£:>o1-iC\iK\aif\'C^«)i>»-«tvjtn^j\«^tt-*ya>-iCv-fn^ir,«^x» 

r^   ^ —I W i.-i^i*4w—*-i-4w*4w»-«*-f^rsis.f^^r»*N^NfvKN.f^Kfvr^t^r^^-'^ 

11   11  11 o*—o-—o—»o — o 

a3>jJ,-üuiaiiiJuJU>(/)(/) 
a.xQ.aaa.a.a.a.a.a.a. 

a 
7 

4-55 

LOCKHEED   MISSILES &  SPACE  COMPANY 



V 
LMSC-D244589 

•Hm o ir> 

•-I «Hf^ Kl o 

»n »H •-• »-i w 
T4 •-{ W fl 

•-IT4<0 tV CD 

V o •- »^ w 
W »H »H •-• 

w»Hio TH r- 

o o o 
ooo oo o 

If  II   II 
II    HU    II   II    H 

-. rj ■— 
u»-i-roi-3:uf- 
Q.a.a-J.Q-aa.a.a. 

r\&   w4 irt w* 

or 
a. 

o 
_l 
a    CM IT   r-t  t-l «-4 

4-56 

LOCKHEED   MISSILES & SPACE  COMPANY 



"S 
^ 

LMSC-D244589 

•n M fM t\J PJ CJ  (\4 PJ 00 K1 CO 
o oooooooooo 
« I   I   I   I  I   I   I   I I   ■ 
o rv ^ •«■ o » iM«)o«-»<ooOiiooaoo 
K ^r^iftrM«cr«;<\iir\»4ooD_)Oooao 
r<i 10 K> K1K< CM M »4»<>o i/> oa o oo oo o o 

i   i   i   •  •   it   tit 

(MCM04(M:M IXJ wtM -O» 
to     oooaoooaoo 

4 I     I    I    •    I     •    I     I   I    ■ 

I »-^m(>J=C   «■»(TVJdfV'iOCJOOClOOOO 

H M ry <M rsi tv; Oi IM c »o « 
o oooooooooo 
♦ i   i   i   i   i    i   •    ■  i   i 
D f>.T<^-'<>o(\j«>0'*»-ioooooooac 

w     Mtonr^fMfMrt^-oiAoooc. ooooo 

I   I   i   I   i    ii    ill 

«H CM M rg IM (M rvj oj (M r» «> 
o oooooooooo 
♦ I   I   I   I   I    I   I    I  I   • 
o r<T^^-«^(M®^v*-ioaooooooo 
o r-rvinN°D«'a><Mur\'-iooooooooo 
»« nnT'>i'">fMM»-i»«ox>oooaooooo 

i   i   i   ■   i   »i   ill 

lM<\j(M«MC\irsiCMO.:n_ 
o     oooooooooo 
♦ 
o 

k   I   I   I   I    I   I    i   I   I 
r<-w«-<>» (H«o>«-r-iooooaoooo 
r^t^mwc «»(Mm^iooooooooo 
fll^KAr^tMCMT-twOiA ooooooooo 

u 
Ul T4 (NJ (M N (M (M 04 (\i (M It B 
Ui o oocjocjooorjo 
— ♦ I   I   I   k  I   i   I   I 1   I 
_i a r»»<«<io>(M«)»*"-ioaooooooo 
j (M r^rvm (M« « o (Mm t-i oo ooooo ao 
—i »H r"\i'immCM<\j»-i»-i«if\aoooooooo 

OC E   
4 in i   i   i   i   i    i   i    i   i   I 
uia. a 
z •< ^i                                                                                                                                                                                                  a 
—•»- o                                                                                                                                                                                                  *t 
_) o          o     CM IM N OJ«M P« CJ iv n»                                                                                                                                                   a 
Ho •         o    oooooooooo                                                                                                                                                o 
CIO «lllll     ■'■•■■ 
z ■» a    rv ^i» oo «Mm <> •«-<-• o a o oo oo oo 

<r> ■ o    r^^n(M<c^<cMi<><-<ooooaoooo 
ofiKiKifirMfM-M.-i-oinooooaoooo » 

t: IIIIIIIIII                                                                                                                                          ,u 
«                 « y 
if>                 ►- " 
i ►- 

a> ■» O     (V IM N M<M m (M N na 
«^1 O        O-3-3O000CD0O 
I «IllllUlill 
trii o    rv»<»oo>(M«oo>*«-iooooooooo 
I- o     i^r>.m(M«>«(OtMiA»-ioooooooou 
u T •c     r>ni^"iiM«M»4.HOii>0'Oooooooci 
_l^ .       ................... 
-a -a i   i   r   •   •    i   i    i   >   • 
Li. 
1 

O IVntlMCVKMIMIMIMlOO 
o oooooooooo 
4        Itlilttltlt 

to o     r^»<»-oo(MB>o*wooorjooono 

2^1 n     mKMnK>lM(M«-i^oir>oac;ooaooci 
uj .       ................... 
— » (/) IIIIIIIIII 

VI 
I- 
7 

W(M(M(M(Mrs|(MIM.MFOlO UJ 
o     o C3 c3o =J a c-a oo j" 
♦IIIIIIIIII UJ 

o^aooooar^-^T-n^^arDnoo      T     r^wvowrMcPO-^-wcjoon-DO-jr^o u 
oooooQDOoooaoooooao      o     r^i^ino4<0'»«ofMif\rHooooooooo < 
oooooooooooaooooooo     it     itirii<ifniM(M<-iT4<<iir\ooooooaoo _i 
  Q. 

IIIIIIIIII Ul 

n 

ooooooooooooooooooo     ooooooooooaoooooooo o 
ooaooaooooaaoooaoao      ooooooooooaoooooooo — <.._..•..---_..__... <-....-..>........._ a 

i-      ooooaooaocr>cjooaooocj h-      oooc^aooc7»c^aDOaaoaoo .-. 
uj     ^fMt'»,mor^ioi>>o^tMit*-inoi^io UJ     •-i(Mm«-ir>^>f^ioc>o^[Mit»in«iv(o tt 
1 rlW^^IW^^^-rt I ««^IW^rt^W^Irl UJ 
I- t- s: 

rr u rr 
ui ^ HI 
r\ _J S" 
X UI 
in o 

<r o ^. _l o 
ir a o 
Ol 

-J 
«t ^-. X 
3 < 
cr 

4-57 

LOCKHEED   MISSILES  & SPACE  COMPANY 



^ 

LMSC-D244589 

CO 
♦ 
in DOdooaooooooooaaaoo 
oo ooooaocaooaocoooaoo 
(VJ r; o o CJ o o o o o OCD o o o oo a o o 

o o aao o o 
o oa o o o 
o oa o o o 

ooonioooaooo ooooooo 
oooo oooocooooooaoo 

o 
♦ 
o o oa o o o 

o oa o o o 
a oa o o □ 

cj 
♦ 
ir\        OOCOOOOOC^OOOOOOCJOO 

cvi     ooooooooonorDoaooooo 

a 

o oa o o a 
f-r ou o <j i_> 
o oa o o o 

in ooooaoooooaoooooooo 
oooooooooaaoooooaoo 
0000000000000000000 

o 

o o ago o a 
is o oa o o a 
rt o oao o o 

o 
♦ 
n ooooaooooooooooaooo 

ooooo oaoooooooooooo 
ooooooooooooooooaoo 

o oaooo 
o oa a o a 
a oa o o a 

♦ 
m ooooooooooooooooaoo 
p»\ ooooa^^ooooooooooaoo 
•H ooooooooooooooooaoo 

o 
♦ 
in aoooooDOaoooaDooooo 

oooooooooaooooooooo 
aooooooooaoooonoooo 

♦ 
o o oao o a 

o (M o oa oo a 
rl H o oa a o a 
O • 
a 
" 

■ O 
O 

Ul •t 
S O o oooo o •-• o o oooo o 
»- o ooooo o 

a 
•D 
+ 
O 
in 

aoooooooooooooooooa 
ooorao oooooooooooooo 
ooooc^ nocoooooooooco 

♦ 
o 
o 

a ot_. o o o 
o ao o o a 
o o o o o o 

o 
a 
♦ 

oor-oooooocoooo oaooo 
CCjCtC'DOOOOOO'nOOOOOOO 
oooc.anr'OoooooDroooo 

o 
4 
o 
o 

a oooo o 
o o o o o o 
o oa o o o 

IU 

r»     ->r>oo'3r>oooiiar>^»o30'r>o-3     n     ao^oooooooooooocjooo 
m     oooooooooaocooooooo     »-i     oooooooooaooooooooa <-<     oooooooooaooooooooo     m     aoooooooooooooooooa 

a 
r7> ooooo o 
o o oa o o o o     o oa oao 

oao 
o o a 

ooooooaaoaoaoaoo 
oaooaaoaoaaooooo 

I 

o o oooooot^aocjoocr aoo 
p0^in»or^cooaT-<(\Ji^*in'Or^eo 

ooaoooooooooooooooa 
aoooooaooaaaaaooooa 

ooooooooaooooooooa 
wrgmvinor^aoortoiro^m-of^io 

or 
ul 
u. 
x 
o 
a: 

a oa a o o 
a a a oo a 

<i  ...... 
i- in m in in in m 

4-58 

LOCKHEED  MISSILES &  SPACE COMPANY 



■s 1 

oooa ooaoo oooo 
aocaooooooooo 
aaooooooooooa 

T MSr_D94458S 
a      a o ooo CD o oo oo 
*       •»♦«♦♦♦♦♦♦♦i 

<M     tn m rnv (M «\i •■• H in ri ro o o o 

itvj 

oooo ooaooaooo 
ooooooooooooa 
:jooo ooaoo oooo 

a ocaooooooooo 
♦ ♦♦♦♦♦♦+♦♦♦1 
a «''»»«•-••-•«(Mr-r^.-iooo 
«■ (MNOS^AT-tOt-IOOv'-IOOO 
CM KxfOrvwiMMWrtinni^ooo 

ICJ 

aooa ooaoo aooa 
ti t-J tJ t_> OCiUCJt-l c_> tj tJCJ 
oooo ooaoo oooo 

o ooooaoooooo 
♦ ♦♦■»♦♦♦♦♦♦♦I 
a «''»««'^»-•♦Wf^r^wooo 

fM n i^ moi fvJw ^ wu> MM o o o 

I   i    I I   I I 

oooo ooooo oooo 
ooooooooooooo 
oooooaoooaooo 

l(M 
a ooooaoooooo 
♦ ♦♦♦♦♦♦♦♦♦♦! 
o «oi'>«c»»-t.-i«{Mr^rv.-iooo 
s N(Moa>in<-i'OH4)o>'-<ooo 
w Ki^F^roNrvjTHrf^i^t^ooo 

i i i i ■ i i ■ i i 

ooooooooooooa 
ooooooaoo oooo 
oooo ooaoo oooo 

T-1 ■«»■♦^«^•»««r'lfiw 
a ooooaoooooo 
♦• ♦♦♦♦♦♦♦♦♦♦l 
a «'^«•■^M*(\lrvf«^r«aoo 
m (MNoccirir-iortoe^ooo 
^ m i^ K>(\I <v cv< ^ ri IA KiK» o o o 

oooo oooocaooaa 
oooooooaoooaa 
OOOOOOOOCDOOOO 

(CM 
a oaooooooaoo 
♦ ♦♦/♦♦    +   ♦+♦♦! 
o «>m«o*»<T<«(Mr^r^^ooo 
(M (\| CM ooo in T-(« H « » •-• o a o 
w f^ronNMf\i»Hrfinnrriooo 

I   I   I   i   i i   i i   i 

ooooooooooooa 
ooooooooooooo 
ooooooooooooa 

o 
a 

a 
o « 
o 

i w 
oooaaoooo oa 
• ♦«*♦♦•««■•♦• 
co ^ a» ^ *-i*-i^(\jr^r«-*-iooo 
/•i w a« ■nv«<ov«ocr«4ooo 
MKtt^NOlrvj^i-Hinrito ooo 

i   •   i i   i 

oooo ooaoooooo 
oooo ooooo oooo 
oooo ooo o o oooo 

o 
o 
+ 
o 

>IVi 
-j r»orio oooo oo 
♦♦♦♦♦♦♦♦♦♦I 
^K\«)«- »-«»H^-cvjrvr^^Hoao 
{\jr>Jocnin.H«rt«<».^ooo 
mi^i^OiwcM^THiTKiroooo 

i   i   i ■   i i   i 

o o o c c 

o C' o fj r: 

oooo oooo 
O O C» O   O Cl Ci o 
C   O C C O O C Ci 

ooor>oooo'or>ooo 
ooooooooooooo 
OCJOOOOOOOODOO 

+ 
o 0000000000   000000000 

oooooooooo oooo oooao 
oaoaoooocaoooooooooo 

ooaoooaoooaaa 
aoooooacocooo 

in ui in ip ui IT x» u^ ip tn IT m in 
^orvoooOTHrvjKNv^'Or^co 

oooooooooooooooooaa 
acaooocoaooocooooao 

i- j-, irmi^'^iPiniPuTiPiPmiP'J^iPiPiPmtp 
UJ       ^N'0'rif>>or^K>»Drt(\ir,^*(n'Oi^co 

lA o 
Ui ■♦ 

W o 
OI o 
u m 
cr • 
k- 
IT 

J 
•« 
7 
O 
»i o 
Q a 

a 
tr > 
UI 
E 

tr 
m 
CO X 
■-■ 

u. 

ac 
Ui 

IplPlPiPiPiPiPV   «IOP4 
oooaaoooo oo 
♦ ♦♦♦♦♦♦«♦■»I 
B,mnmoc»«ina3i^^ooo 
^ ^ n r^ o ir ex1 v iv <> »4 r« r- o 
CNjrMPJPJWWrtcCVKIfOOOO 

i  I 

minirtminminirt«*-! 
oooooooooo 
+ ♦ + ♦♦♦ + +♦  I 
Kv^wK^ajw^Ho^r^oooo 
o o o« WIA r^oomonoo 
inirtin*- *K\f\iTHor^oooo 

•   i   I •   i 

oaoaaoooooaaaa 
ooaoaoooa ooooo 

\~       o CJ D o o ci o o ci a C' o o 
UJ "HtVJI^'TinvOr^tOOOWIMlO 

4-59 

LOCKHEED   MISSILES &   SPACE  COMPANY 



^ 

LMSC-D244589 
<rvi 

o ooooooaoooo 
♦ ♦♦♦♦«♦♦♦♦♦« 
o (Mr^ W « (MO Hl^ o» ■> •-< a O O O OC3 O 3 
K *K><Movo(vjr^*-i^^^oaaooooo 
OJ ro Ki ?o <M (MM w»<iA r\fO o a o oao o o 

I   I   I   I   I   »  •   I   • 

o oo o o 
o oo o o 
o oo o o 

o ooooooaoooo 
♦ ♦♦♦♦♦♦ + ♦+♦• 
o (M^»<o(\jo»Hr<r>J!0»*cDooooooo 
* ♦PO(Mo>«(\lfvr1<>0»-«OOOOOOoa 
ci r»Kitn«M(Mf>jw»<m i»»r^ ooooooo j 

o oo o o 
O CJCJ CJ u 
o oo o o 

o     ooooooooooo 
■♦      > + +-»♦♦ + ♦♦♦• 
o     tv|r~T<oCMo«-ir>oj«o«-ioooooooo 

<M      KXKlfO M e>J{M ^ THIA p»><o o o o o OO o o 

I   I   I  I   I   I   I   I   I 

o oo o o 
o oo o o 
o oo o o 

it\j 
o     ooooooooooo 
* ♦♦♦+♦♦♦♦♦♦! 
o     (Mr^woivjowrvCMco'-toaoooooo 
d>     ♦row^oojrv^^o^oooooooo 
W        nKlt0(M(V[M»<»Hlf>dK\OO0OOO00 

I  I  I I   I I  I I   I 

o oo o o 
o oo o o 
o oo o o 

o ooooooooooo 
♦ ♦♦♦♦♦♦♦•♦♦♦i 
O Mtv T<O (\JO»-ll^ !M «» »< o o o o ao o o 
m • M IVJO- « Mlv WO» C »< O O O O o o o o 
»H l»ll^lOCUCJf>JW»-HAl»llOOOOOOOOO 

III J I I I I 

o oo o o 
O oo o o 
o oo o o 

vtvi 
o oooaaoaoooo 
♦ ♦♦♦♦♦♦♦♦♦♦• 
o <N r^ »H «o <\i o wiv <vj«>^-ioaoooooo 
(M «■ >^ (Mok « (Mr^ »nex «n ^ o o o o o o o o 
w Kiio^(\ifvir>j.-i<HirvKifOoooooooo 

i   i   i   i   i   i   i   i   i 

o oo o o 
o oo o o 
o oo o o 

o 
o o 

o 

\(M 
ooooooooooo 
♦ ♦♦•§«♦♦♦♦•#• 
<Mr--.-io«>io«-ir^ <MeO'-«oooooooo 
▼ niMOk«M'k-»<o>o«»<oaoooooo 
fnrorocvjfvjfvi^-s^inr^K» oooooooo 

I  i   i   l i   . 

o oo o o 
O o o o a 
o o o o o 

)(M 

♦ +♦ + ♦•»♦♦♦♦♦• 
o c>j»^«Hor>jo^t^<vjco^oooooooo 
o »nrvicocMr^^HOo^oooooooo 
•c K(KAn«v(\(Cvj»H»^i«>r(rooooooOoo 

i   i   ■  i   i   •  i  r   • 

O OO O «3 
r? o o o f-> 
a o o o o 

o ooooooooooo 
« ♦♦♦♦♦♦■♦■•♦♦♦I 

r»oooo     o » too <r w »-I ♦ (MMV w o o o 30-J o r» 
OOOOO        O (MNOaiAT4<OT4«Ok^OOOOOOOO 
ooooo     i»\ m mo IM ra IM «-• wmKi Ki oo o oo o o o 

UJ o 
Ul « w o 
in o 
Ul K\ 
a- 
(- 
in 

J 
-4 
■y 

a *-^ -> 
o o •-« o 
ae . 
Ul 
E 

tr 
■aJ 
CD x 

ooooooooooo 
• ♦♦♦♦♦«■♦«♦• 
»<«(Moo>o>or^r^«o»-iooocioooo 

in io (M M tM (M «-1 «-t ift Kl n c o o CJ o r  ci. o 

I   I   I   I   I   I   I   I    • 

mir\iniAir>iniAm»^i ^i 
o o o o o o o o o o o 
♦♦♦♦♦♦♦♦♦I + 
ioin.-«mcoot*w»r^oooooooo3 -n 
ooomiMinr^OkOinoooooaoon o 
mmirv^^-KiiM^-f^r^cDcoooooaoo HI 

ooooo 
O oo o o 

ooooo 
<» (f> « r- «) UJ 

OOOOODOOOOOOOOJOOOC 
aooooaoooaooooooooo 

OOOOCJOODCJOOOk_>00   0''^0 
TH(Miovm<oi^«ooaHr4K>'»m or^eo 

3 
O 

oooooooooooooooaooo 
aoooaoooooooaooooao 

■«•-•••■->---•■ ----•-.- 

►-      oooooooaooc-accioCJcjcj 
UJ      TH(Mio>rif>-or^<ooO^Hrv|in«iA'Oi^eo Lil 

X 

4-60 

LOCKHEED  MISSILES  &   SPACE COMPANY 



-v *ö 

I 
I 

LMSC-D244589 

O        OOOOOOOOCJOCi 
■♦      ♦♦♦«•»♦♦♦•♦♦1 

(M       •-• «H •-••4 <H<0 « V (M ^) T4 a o o a oo oo 

i • i i 11 r r r r r ■ 

: 

' 

♦       ♦♦♦♦ + ♦♦♦♦♦! 
«     m tvi tM'-'o ■«■ m v (\4 ^\ rvj a D a ooo oo 
N -* ■«H •< •■' rt «   * « W rt r« O C-   O CJ ^. -D O O 

i i* • 111 •* ■* r r r 

«-4 tTtiTi^^ir^r-v^rvv^H 
O OOOODOOOOOO 
♦ ♦♦♦♦♦♦♦♦•f-fl 
CL •-4a.t^*omAeoiv»»ocjc:ocjOoo 
»i •" ru I>J «u  ■» UV» (V ■! «M U U U «J CJ c> u«_, 

i   i >   I 

o     ooooooooooo ♦ >♦♦    +    ♦   +    ♦+♦♦! 

co     firvjtNjwo^-iA^-fvjiAc^oooooooo 

i •   I   I   I   I   I   I 

o  ooaoooooooo 
♦   ♦♦♦♦♦♦♦♦♦♦! 
in     ro»vj(MWo«tf>«-{\jinwoooooooo 
»4        •-••-••-•<-• »-llO «« (M rl WO O CD O O O O O 

i»'»'i it rrrrr 

ooooooooooa 
♦ ♦♦♦>♦♦♦♦♦! 
-^c^K>▼oK\lf^eoKl^^■ oooaooao 
tot\iM>-io«-ir\«-cMm(Mooooc»oao 
rli-IWHrHCO'CYtMrHt-IOOOOOOOO 

 I I I   I I 

o ooooaoooooo 

o »-«o c» ■» o roineo r^ O"«- o o o ooo a o 
o focvirj^ovifsvcinncMODCiooocDa 
O '-H'«-**H,HW«'0^-CslTHT-IOOOf3 00ao 

I  i  I  I I I I I  I I 

o « 
(^ 
IU 
IT 
IC 
U) o 
tr o 
►- ♦ 
to o 

miAinirtm'««'«'*-«,-! 
***** + +*+*, 
THom^omiftcer^o»* oooooooo 
K«rg<MHo«ifi*{\iin<vjon>oooooo 
W<-IWr4WS<04'(V^|r)OOOOOOOfr> 

I   I   I   I  I  t I I I   I I 

O   OOOO   OCDOOOO 
♦ ♦«♦♦♦♦«•»■»I 
o ONiOf^wmooo^oocooaocj 
'i' r^ r^- <v < o c  ^- -5 ir cv o c o o c* o o o 

K>     «o«oir\tA*K\K>(NJWTHT-*r>c~oc)C'r»oo 

I   I I • I I I  I 

••■«•»■«■«•♦•w«r^K\t\j 

♦    +    +    ♦♦♦♦♦    +    ♦    t 

K1K\IO(VfM(\J^I«-imK\K\OaoOOCIOO 

I I I I t ■ t I I 

oooooooaaooooaooooo 
oaooaooooooooooooao 

o c? o c"* CJ o CJ c^ o c o c; c: o o C' o o 
«-if\jK>vtrior^coootHfvjf^^-Ln«r^ffl 

T3 
o 
a: 
o 

£ 

IO in m m m ■♦ »»• TT •» w w miniAinin««« 
CJZ300000 0 00 o ooaooc^oo 
♦♦ + + + + + + +1 ♦ ♦++ + ♦ + ♦♦ 
3s: -M wtv MC r- rat» oo 3 o 3oo on => -» » T» r> KI m aj 
♦ K^roMoo»K»a)r)Ociooooc)o o nrsiMwO'win» 
ri r« ^1 <-t wco « « ru T4 o a o o ao o a o K\ .-I ft .H T4 Wa> « V 

»   i i   i t  I   i 

a oooo ooooooooooooao 
ooaaa oooooooaooooao 

ooooocooooooooocao 
1   '-*fVJ^^'lfV^)f^eOOOrH(VlK\^-inOr^tO 

O ooooooo 
o ooo ooaa 

o o o a c DO 
WM K> V if\ Ol^ 

4-61 

LOCKHEED  MISSILES  &   SPACE COMPANY 



v 
LMSC-D244589 

o ooooooo oo o o 
•♦ ♦♦♦♦♦♦♦♦♦♦i 
a rviA«nin«m^N.a>*>oooooooo 
CM T4 W ^t r) rIB « V (M  «-I •-« OO   O O OO O O 

»    t    I     I     •    I     I I    ■ 

n     oaooooooooa 
♦ ♦♦+♦♦♦♦♦♦♦! 
o    »vj\Q«inaKir^r<o«  oo 300000 
»     roioi\it-iaivs<oi^xvcMoooooooo 
(M        i-l<-« .4*4 ritt   >0«(VJ»«»<OC»   OOOvOOO 

iiiiiir   ir 

o     00000000000 
♦      ♦♦♦♦♦♦♦♦♦♦• 
o     r>.iAoo«)iftcoMr^r>.»* 00 000000 

)   :   1   1   1   t   1    :  1 

■H mm m IA iiv♦ ♦ ♦♦ «r w 
O OOOOOOOOOOO 
♦ ♦♦♦♦♦♦♦♦♦♦I 
O f~K\C0«lfl«CK>MV<>*OC3OOOaOO 
S IO K) M W Ot~ CO OKI (Tl CM OO  O O OO O o 
«-I WW,WT««!«»(\I»HT<00   OOOOOO 

I I I I I I 

r* mminirin»»-«'««^ 
o OOOOOOOOOOO 
•» ♦♦♦♦•»♦♦♦♦♦1 
o KmssiAsnr^r^»« 00 000000 
in K» Kl (\J -rt Of^ «6  «Kl <^ IM OO   O O OO O O 
»H WoliHr4<-l00««'(M<-l<-IOOOOOOC3O 

•    I    I    t    I    I    I     t   I 

o 
o 

•H iftinminiA«««»**w 
O OOOOOOOOOOO 
♦ ****■*+**+*» 
o KmB>«cifia5ror^r^O'»ooo'ioooo 
(M 10 PO (M «■• Of» co-o K» in CM 00 o o 0 o o o 
T4 H»<rf«H.HlO«*<\J»H«HOO   OOOOOO 

I    I    I     I     I     I     I     I    I 

o ininin*»m«»«*«w< 
O OOOOOOOOOOO 
« ♦♦♦«•»«4«4-»f 
o r» in to oom « f\f-~pv » «• 00 c o 00 o 0 
o nncM»<or»or«nmcMoo 000000 
o> T-i-H,-i,-iweO'0'«(M'-f'-ioo 000000 

1   1 •   t 1   1 

ULI 

tn 
UJ 
nc 

inmiAinm*««»« »H 
-iooo-irj3 ->^i'->'i 
♦ ♦♦♦♦♦♦♦♦  ♦! 
p^in««:iABCKM^r»»^ 00 a 00000 
K>roc\iHor»«<oioin<Mor) oouooo 
«^«H^v-tv-tCCtOVfVv-lvlOO   OOOOOO 

•     I I    I 

irinmtntninm^'v <• *H 
OOOOOOIJ   OOOO 
♦ ■»♦♦■►■»♦♦♦  «• 
<o Ki «no co (V M inro o- * CJ o o o ri 1 j 0 ci 
^  OOP* tfi r1, o ^o   ir O! c- c1 cr o —■ o o *-■ 
tvj(\ir<i-trHT-iwr«-r^^^irio n o o r> o n 

1 1   I   1   I   I   I  1 

UJ 
« « .H tr 
tl OLD Ul 
•f   +    1 u. 

p»  » •»   -> OOOO OOO T 

(M mfM 0 OOOO 000 z> 
(M Wrt O OOOO 000 0 

or 
1  1 1 

0 

cr 
UJ 
jj •-• 

0 00 0 OOOO 000 u. 
0 00 a OOOO 000 

ar 
0 00 c 0 0 O CJ CJ  C O 
tO   O   O   -r-i (ViO » in 

r< W •-• «-I 
<j r» eo 
w<  rH  w* 

h- 

0 

inminmin^*'»^ *-* 
0^/00000 00 c» 
♦♦♦♦♦♦♦♦♦   t 
os' t\j r^rv ^»r»-Mi> 000 000000 
«Kin(MO0'0>p»"'«-»aoo 000000 
ri'ii-iwwa: -o •» eg «-1 o o o aooooo 

-i inmininm«**»"rrH 
_> OOOOOOOOOOO 
+ +♦+♦♦♦♦♦♦♦1 
o r^inswinicnr^pv^^-ooooo 
O KMOfM H O f» IO « M in CM O Q O O  O 
Kt WW«-IWrlaBO«l\iri<-IOUOOO 

C    I    I     I     I     I I   I 

OODOOOO OOOOOO OOOOOO 
OOOOOOOOOOOOO OOOOOO «...........>•   ...... 

t-      oooooot^ooocro  oooocr»ci 
UJ     T-4{Mr^Vin<orvtooo»-icMK\^"in'Or^cc 
I »H ^1 tr«   ^ ^ »4 »1   ^1 ,4 

oooooooooooooooo 
aooaoooooaoooooo 

<»■■•»*••■.••..••■•• 

►-      ooaoc 00000 00000 
ui     •H(\ir>«rin>ofva)^Or-(t\jrOTin 
I wt  wi* *i ri ** 

4-62 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



"""v 
^ 

cj o o o o c JO C) oo n 
♦ i   i    i   i   i   i   i   i   i    i 

LMSC-D244589 

•   • •   I  I >   I 

o 

"> o o o ci o n r> CJ o 
i   i   ■ i   i   i   i  i  i   i 

Ci rv in  t »-* *H *-• vH T-|fC   *   O  Ci O O C*   o ZJ   3 

•    I      t •     t     I     I    I     I     t 

CJ C' o ':■) o r»o o o o o 
+ i   ■    i   ■   i   I   I   I   I   ■ 
o oiACNiOo^or^or^o^ooooorjoo 
wl t_>C*>GUII*    Cjr'^*i^l»»<iJt_lUtJCJCJC>L»tJ 

I I t 

ooa ooo oooo 
i   i    t   i   •   i   I   i   i   i 

oinrvjoo orv or^ o» oooooooo 
a » oo ^ c J n •» « « XI « o o c> a o o o o 

it    i   i   I   •   I   I   I   i 

a ooooaooooo 
* i   I   i   I   i   i   I   I   ■   i 
CD o^tMo» o^or^a^oooooooo 
in ocfrinoiov-c^in^ioacoiDooo 
^i or>nr\o^i'HrH>-irt<o<>oooocDooo 

t   •   i   i   i   «  i   i   i 

a 

o 

■f 
o 

o 

KimKtrvj(vrjfvitMio«> 
o Cv o o o o o n o o 
ii    i   i   I   i   i   i   i   i 

OITCMOO op^CfvO^oaooaoao 

O'MinTO    THW^I^IW«'000000000 

I i   i   i i i 

OOO OOO OOOo 
i   ■   i   i   I   i   I   I   i   r 

om(VJOi>or^or^o»aooooooo 
oocc in omvo^mioooooaooca 
orjmaj ^.-iM^i^iBi^iorjoocJcjcjr) 

o 
o 

I 

* 
i»\K»i^r>i(N;c4rJrM^«i 

it   •   i   i   i   i   i   i   i 
om <v o a or^or^o^roooooooo 
oo« in oro^r^>oin^>oaaooooo 
oojinec »HW^W^ICOOOOOOOOO 

i   i    i   i   i   i   i   i   •   I 

o 
♦ 
c. 
c 

fA 
(n m 
LU 
l^ 
I/) 
111 
rr 
i- 
in 

■3 -» r> r> 
o o o an CJ 
a o o ■>» o 

UJ 
i 

:E X 

OOO U- 
a o o >   *   • nr 
O O C"» Ul 
O 1^  CO .T 

noOOOO  OOOo 
♦ ♦♦♦♦♦•»■»♦I 

c) ^« >o ^o ejoifoio^r-coc OCJOCJO 
^IT   IT   CV<   »   Zif^   CÄN^'riOCI'CjOC'C'—l 
et T-* Ki in so ^ c> ^ ^ in *r o CJ o o ci o c"1 Ci 

i   I ■   t   i   I   i   i 

rt^» ">—i -j^^on^-)-! -Doo ^or>Ti 
or ocj ooo oo ooo ooo oooo 
aooo OQOOOOOO oao oooo 

«-I r^ to KI r\i o* (\i CM nj KI «o 
C-» OCIOOCIO-JOOO 
4- I     I     I     t    I    I     I    I     I     I 
o —»infvi'3^nt^'T>rs.-)^->^*ooo^>n'> 
rj oo«>mon"»-o>oin>oooDOoooo 
Kl OC>JlAeY-l«-l«-l«4«-IIC«OOOOOCaoO 

ooooooooaoooooooooo 
aoooooooooooooooaoo ^ .. . ..^. ...... ...-..- 

I-   O C) CJ CJ O O O CJ C.' o O O O C3 O o C~» t3 
uj  t-tWK\^»iA»or^fo^o^CNJKi,*,in^)r^co 
I rl «4 ^ rl ^4 r« w «4 W 

I  I  I I  I  I  I  I 

oooooooooooooooooao 
ooooooooooao o o o o o o o 

«t ............>...__^ 
t-  oaoooooaooooooooac) 
m  TH(MKi»in>o^a>oo^(\jr^<rin'Or~-co 
I <-l rl rl «4 •-« «4 -I rl >4 

Ul 
Ui 
(/> 
u» 
Ul 

(A 

or 

Ul 
I 
Ul 

a 
LU 
M 

O 

4-63 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



T 
^ 

LMSC-D244589 
TH        n n m (\i rsi ru M CJ »o co 
<3 ran n o an o o oo 
♦ i  i   i   i   i   i   i  i   t   i 
o ot\j(>«tMoinop^«oooooaooa 

»H w o o C\J a 
ra ^ w ♦-• »-4 ^ 
♦ i   i   i   i   i 
a r^ r-i .-i -o » 
»^ r^ o ci rvi »> 
(>J in •«• « n rt 

^ O O 7> O O O   O O O 
I    I     I     I     •     I     I    ■     I     ) 

3 XN ro 3» ar^ or^   o « 

^J cvj iT t   »-I T-i •-* ^ T-»«   <c 
oooooooo 
ci "»'_> r^ ^J CJ 3 CJ 

Z3 w* -rl "4 *-* w* 
*        I    I   I   I   I 
z»     r^ o ^ -o e> 

(VJ K\   WPO 1^   -4 

I I     » 

000 oooo ooo 
1 I   I   t   I   I   i   i   i   i 

•3 in tv o <> o r. orv  a ■» o o o o o en o a 
ccrcK  ui L>r\« <tj«a^<«) t.ii_ftjc;t.*ciOu 
^  (MlA 00 «-* ^H ^1 »-I ^(cB  ^  O OO r-   r? o o o 

»-( <\J C3CV* <V. o 
r > rl ^4 <-! TH »4 
♦ 1     »    1     1 1 
UJ r^ <o •» o O 
«-I i^ o> ■< (V ü* 
(M M ^iK>n ^1 

•H tn "O i^ N t>J M IM [SI K\ to 
a oooooooooc 
♦ i   i   i   i   i   i   i   i   i   i 
n oirtMCJ^otvor^   o« oooooooo 
tx> OOtCiAOm^-OOlAO  oooooooo 
•-• OfNjr\fl0*4*-l»HT-l*H©O   oooooooo 

•-« (M or« (\J o 
O rl »4 »-t «rt »4 
♦ I   I   I   I I 
o r^ a> » « » 
« r^ o in t>J o 

I 

•H mKi r> r>i M w M CNJ n « 
o oooooooooo 
♦ i   i   i   i   i   i   i   i   i   i 
o o.ntvowoKO'^ ovoooooooo 
i^ aorrinorn^^i^in'C oooooooo 
rt 0[\iin»"-lrlWT< «Hi«   «  oooooooo 

o 
♦ 
a 
in 

(M OOJ (\i o 
r(  »« »-l  «-1  «H 
I   I   I   I   t 

r^ » ♦ « » 
r^ o» in rj o» 

» I    I 

0 o o o o o oOOO 
1 I   I   1   t   t   I   I   I   I 

omrj a o or^ of^ o» oooooooa 
O0>»I>Or^*<JOiAO oooooooo 
OWintC   rH^THW ^OC   <o   oooooooo 

•H (\j onj nj o 
rJ ■-♦    T-l   »-♦   »"I    »"I 
♦ >   1  1  1   1 
O r^ <o •« so o 
rj r^ (^m t\i». ^ K\  .HKI r^  >H 

c K^m »-i <\i nj <M u PJ m io 
o oooooaoooo 
4 I   I    I    I    I    I    I   I    I    I 
o otn(Ma»or^or^o«oooooooo 
c oacomornvoomooooooooci 
c* o fsitn eo *-* w w ^ wio ^o OOOOCJCJOO 

o 

o 
o (V o nj w o 
o ■H •-1 »H ▼-I «H 
♦ • 1    1 I     • 
o r^ 00 ■* •O  t> 
o i^ »m (M O 
o K\ ^K\ t^  --I 
■ • *      m a       a 

♦ I    1     •     I     K    I     I    I     I      » 
o om co o o or^ or^- ov oooooooo 
o oc?»coioorn^«0'»oir*'OCJOooorioo 
O Of^iTtDwI-rlriv-t •-»«   C    OOOOOOOO 

o oj on; M o 
1 rf  rl rl  r<  ^ 
♦ 1   1  1  1   • 
o ^ as ^ ^i o 
o i^ om <M o> 
•o i»^ »HKA n .-i 

o oooooooooo 

CJ OW<iWO»COC>4fOKIaHr^-i- 
c ■ ri r in m -« ^ r. r^ r> m r« o 
n c^rHKViAor^^OT-iinvC' 

ooo o c. o o 
::■ o r-> o c r> C' 
C' o o o o o n 

ooooooooooooooooooo 
ooooooooooo oooo oooo 

w        n »n n N n* ru nin» to is 

+ I   I   I   I   I   I   I   I   I   I 
r> ox\>-»^«>3r^Oh~.o«-o,o_'T3ooo 
o oo<oinor*><r'0*otf\oooooocjOC-' 
K\ orxiinacv-iv-iwwv^cti^ioooooooo 

o <v nj nj fv cvi 
o o o c o o 

a? ■t •   till 
^7 o ■* oco to nj »• Z3 «.   « ■•   CV   -D « n (\) C\l (\J nj N 
or • 
i- 

I — mmn* (\i CM 
7- Cj — o o o 
C 1   1   1   1   1 

O io in nito T-» 
Ü o m wo in r' 

a mm««« 
a - 

oooo ooaoooo oooooooo 
ooaaaaooooo 30000003 

cti a cjooocjoo ctooa oooo 
THrjm«in<OMoo o-HmKi«!»^«!^« 

ooooooooooooocjooaoo 
o^joooaooooooooo oaoo 

t-      □aoooc?oaoooc?cJoc, 000 
uj     ^i(\ii^«m'Or~«joowmKi«ino^oo 
I •< •< W -<»l  •rt^t rlwt 

u. 0 a 0 0 0 
0 0 0 a a 

rr ....... 
UJ h-         CD CJ O CJ 
z I^J      w m n « 
z 1 

4-64 

LOCKHEED  MISSILES  Be  SPACE  COMPANY 



'S 
«■Ö 

1^80-0244589 

I 
o fvi CVJ o »o 

(\ii0>OOOOOOOOOOO 
omrootc oaooooooo 

»H     woofMaoMfvjcs'C 

I   I   I   I   I   I   I   I   I   I 

r- o o M o o « ru oo cj o o 

t  i  i i   i 

o tv N ^ t> 
v-l «-• *-| -H   rl 
I     I     I     I      I 

o-tr\j» rtoaoooaacjo 

•     » ■ 

O (V f\j rt tc 
^1 TH H T-« «H 
•    I     I     I     I 

rl 01 ONNO OMIM wa 
O W «Irtvt •< »4 rl vl w4 W 
♦ I     t    •    ■      •     I    t     I     I     I 

« r^. om MO oa CM ri w o oo 
(M rv «Jin rxw ru »< wm « o o o 

O 1-4 H ri rl «H •-< rl rl TI rl 
4 tbiriiiiti 
o r^«T«mina»cMrtooc3 

CM mcvint^tMtM^wiAinooo 
m mmm-m»mmm*mmm 

I      I      I      I       I       I       I       I       I       I 

ooi (\j •-• oo 

oeo.» .-loaooocjooo 
0<0(\JO>   rtOOOOOOOOO 
rM»Hwfj\ooooooooo 

rl (MONO^OONNwa 

4 I     I    I     I     I     I     I     I     I     I 
o r^<o«<oif\irteD(>{MHooo 
(0 t^ om (MO omrvi^Wooo 
•rt KV(Mnr)(M(M<r1r4#linoOO 

rl «4 tH <-l <-l 
I  I   I   I   I 
ooo » > rtooooaooao 
O ^ CVJO-   «HOOOOOOOCIO 
(M^IrlVlAOOOOOOOOO 

' l •      » 

rl CM OOICMO OIM(M riau 
O r* Tt ri ■**■<* rt **** rl T* 
« tlilllllll 
o ^«««iiAinaoiMrtooo 
*> IV   0*l «M O   0«3 «M rl »« O O O 
rl rl (MM rv (M (M   rl rlun #, O O O 

OtMIM <-i<e 
rl  rl rl rl rl 
I    I    I    I     I 
oto o o rioaoooooao 
cüO (MO- rioaoao oooa 
(>JrlrlVlAOaoOOCDOOO 

I 

rl (M  0<\l<\J O   O OJ (\J  rl «C 
o 
« 
o 
IM r«. on MooaocMririooo 

l»>^4l,>K^.(MCMr)•^m^^ooo ....   .....^... 
i   i   i   i   i   i   i   i   i   i 

a <M M rl « 
rl <-! rl rl rl 
■    I     I     •     ■ 
aa>o^o riooooooooo 
CIK<MO> noooooooaa 
(M'-''H»inr^ooDoooaa 

a 
o 

o r^ <o «-a m in « » <M «t o o o 
o r^ o*\ tM o oacMvt^ooo 
o>     m (Mr\r\ <M (M w wm in o o o 

i   i  i   i   i   i   ■   i   i   ii 

rl  i-l rl  rl  rl 
I.    •     I     t     k 
a oc o o^ riooooocDooo 
o«)fvjo rioooonoooo 
M»iri«mooooooooo 

o 
o 
♦ 

o 

«M OIMCMO ontrx ri« 

» * t i » i » t t 7 
•»-'«♦>oifiin«i»(M»#ooo 
f«. om MO o <o rvj ri »f o o o 
mNKMniMMvi'riiiiiniooo 

litt   i   »   * •   •   « 

«M (MKl »O « 
a o o a o 
|i • t  ■   • 
o>rir~ifimooooooooo 
«nc mmooooocjooc* 
ri ^ieo * ri r. o n o o r^ o o o 

(M MN n «o 
a o c) o o 
i   I   I    i    i 
O <M 0> O   OOC3CJOT»OOOr3 
Ki«r~ o rinaooooooo 
mCMrlO-I^OOOQOOOOO 

r« (MO O (MD OCMCM rl<0 
:> rl rl rl  rl rl  rl rl rl rl rl 
♦ I      I      I     I     I      I      I     I      I      I 
r> r^ « IM « o> m e (K (M 4> 3 or> o o oa oo 
o r« a w IM» o « ra wiv Q o o i3 o oo o o 
Ki n (Mai K\ ri (M ririm r^ o o a a o C30 oo 

I 
I 

■  i   t   i 

aoooooaooooooo 
aaooaoooooaoao 
aooo o oooooooao 
iAOrvOO>OriMrO^-ir»<orvm 

oaoooooaooooooooaoo 
ooooaooaoooooooooao 

r-      aoooooaooooaaooooa 
uj  ri (M n * if» « r. « o> o ^i(M n ♦ m« iv ■> 
1 »• «* «4 »• «« •«•rf ,1 «« 

I- 
w 

o 

or 

CD 

IJJ 

o 
o 
♦ 
o 
o 

o 
o 
o 

«MfMNCMfMIMIMnrt' 
ooocto o o O o I 
»•••istiia» ^ 
o«'«iry»fvoi>i'«irtooo 
«■>«t<4i»«ri<*««inooo 
(M<M(M(M|rlrlrl»»f^OOO 

in« 
>op 

fM(M<Mf>ilMCvj(MrMf 
O00(3OO0O( 
I I I I I I I I I I 

•nun (Mi»\, r«« cv» » c ooo 
N «-I» lAjOiO'OrvoTiooo 
imnvv'vniMrioti^ooo 

OOOÖOOOOOC 
csaoaoooooc 

i  . - -^  -.♦.., 
ooaoooooc 

1      n(MK> « m «l rv n o 

ooo 
ooo 

ooo 
o niM 

I 4-65 

LOCKHEED   MISSILES   Öt   SPACE   COMPANY 



^r 
^ 

LMSC-D244589 

a o o o o o 
a o o o c a 
o o o a a o 

o 
« 
o 

(M 

rjwoj(Mfn»OK>rorOKMt 
ooooa CJOCJOOO 
t   i   I   i   t   i   i   i   i   i   i 

K\ «-loo (MO* o*\»^ aoaooooo 
(\ir>j.-io»o»-t(\i«-w.HC)coQociao 
«-««-I«-I«-«O r^<c«N«-iv4ooaooooo 

i   t   ■   I   t   »   I   I   ■   I  I 

o  3 0 0 0 0 
o c o o o o 
O   O 13 O   d O 

•H (M!Mr>JfVJl»\'OK>mr^l^ao 
O 000000030CO 
♦ •   I   I   I   I   I   I   •  I   I  I 
o K\wo<>Mrj«oiOo>.f~. aooooooo 
« CM tvj «H o ♦ » »<o>j H ♦ ^i a o oo o a oci 

d o o ra o o 
tJ  !_> tJ tJ  U C* 
r3 O O O O O 

o ooooooooooo 
♦ i   i   i   i   «   t   •   i   i   i  i 
o rO'-i'O'OOJO^ofOo^r^ocjoncooo 

CM .-i.-ii-i.Ho>r~o*(\«.-«»-io:Dooooc5e 

i iiit 

o o o o o o 
O O O O O D 
a o o o o o 

■H (M (x CM fM »o in n "O fO Ki «> 
o ooooooooooo 
♦ I   I   I   I   I   I   I   I   I   I  I 
o (Ow-io-o^o^o^^r^oDoooooo 
CO (\J(M'HO«-OTHtMW«rlaOOÜOOOO 
•H ^i*-«^«H(^r^^>'r(Mw*-»ooooooao 

i   r  i   i   i i   i i  i 

o o o o oo 
o o o o o o 
o o o o o o 

w fvi Mtvi«M n m Kin mM« 
a ooooooooooo 
♦ i   i   I   i   i   i   ■   i   i   i   i 
o K\ ft« « (M o* oit o> t^ a o o o o ooo 
ir\ <Mpij»<o«oi»iN»<«»<oooooooo 
•-I WT<»<»H»r»'0«N.-i«-«oooooooo 

o o o o o o 
o o o o o o 
o o o o o o o 

a 

»< rgp^oifMrniar-mnmio 
O C      'OOOOOOOOO 
♦ »   I   I   I   I   t   I   I   t  >  I 
o 'i^-CÄiMo^onoir^ooooooao 
o r4(M»HO«o»rfMr«»^iaoooooao 
ri ^»-iWiHo>r»««NrtT<oooooooo 

i   i   i i i 

o o o o o o 
o o o o o o 
o a o o o o 

o o o o o o 
o o o o n CJ 
o o o o o o 

U) 

O IM fMIM IM m »n KimnKt « 
O OOOOOOOOOOO 
4 itftiaiiiri 
o r>»-i«'0<Mo«ono>r^oooooaoo 
O <MN^4O«0lvlCMv«*«4OOOOOOOO 

I   I   I   I   I   I   I   I   I   I  I 

O IM CM CM CM IO M « IO IO »n «I 
■3 CTOOCDTDOOnOOO 
♦ tiittntiiii 
o n»io<)<MO*oiOo>f>-oooooooo 
o rMfM»-'o*o>-<(M'-i»»Hoo<-iooooo 
<a »<«<«<«<or.«<r<M»<w<oor)00<-ioo 

lltltHIIIII 

o oo o o o 
o o o o m o 
a o o o c> o 

< o IM CM CM IM n n fi »o n IO « 
ct o ooooooooooo 
»- « tlBtt«   (:••.'   It 
u> o m wo •<> CM o* on o> h-o a o o o o o o 

O IMIM«-*O*<»*-ICVW**H00OO0O00 
_l n WT<>-i»-ie>>^o«-(MTH^cioonoorjo 

I   » I   i   i  t  i   i   I  i 

o o o o o o 
a o C) o a o 
o o o o o o 

i-l CM o OCM o o IMCM w<a 
O w4 r4 *-* rt rt rt  r* rl w* rt 
* I     I     I     I     I     t      I     I     I     I 
o r^Bif»'Oino«oO''Oooooociooo 
o r^ooiMoo<oiMO><ooooooaooo 
n n i-t« n CM CM w w« r-o o o o oo ooo 

ii % 

iii 
or 
Ui 
Ü. 
T 
Zi 
O 
or 

a 

3 000000030303^000000 O 
o      oooooooooooaoooooao      o 
o      o o o oo o o o oo o a o o o o oo o      fv 

• I 

o o o a o o 
a o o o a o 

O O O D O O 
n « if» « r^ io UJ 

X 

oooaoo oooaoooooaooo 
oooooo oooaoooooaooo 

ooaoo oooooaoooaaoa 
•HtMnv-in -o r-v tootowcMnvmo'^ai z 

z 

oooooooooooooooooao 
ooaooooooooaooaoooo 

ococjoooooooooaooao 
»HtMn^mof^Mo'O^icMn^iAoi^eo 

4-66 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



'S 

LMSC-D244589 
•-I rj OJ ry <M to n Kt to M rn <o 
a cjaoooooooon 
♦ i   i   i   i   >   i   i   r   i   i   i 
O ÖO-OO^HfM-COQDOJOr^CJClCIOOOOO 
rx (M (MM t-ta) rg « niM « ^o a ao o oc c 
CM «-I «-Ir« •-•» <o <o « C4 ,4 w a o ao o ooo 

W «4 (M(M N l'VKV Ftlti^ rta 
a oaooooacjooa 
♦ i   »   l   i   •   i   •   i   t   •   » 
o ao«o»<<M*a«©(NJor^oooooooo 
«■ CM (M(M W « (M v K>(M «-rl oo ao o ooo 
M Wv4ri<-«(»ai««ruri<-iaoaiaoooo 

rt IM (\i«vj (M n n io nrt io « 
o oaooooooooo 
4 I    I    >    I    •    >    I    •    ■    t   t 
a «)'00»4«M«r5«o{M»r»ooaooooo 
v< rjiMf>jv4«ioiwn(^vv4Cj«_>cic-*cjui-icj 
(M w H>H >-«o> • o« IM T-» w o o ao o oo o 

I     I ! I     )     I     I      I      '   l" 

W (M (M(M (M tt 1*1 itKtn It CO 
a oaooooooooo 
♦ t   i   i   i   i   i   i   i   i   i   i 
a •'00*-#IM^OIO(MO'P^OOQOOOOO 
« <M (M(M »-I CO  (M ■• K% fM •«   M O O OO O O O O 
w w •-•<-< «-to- B««'CM •i ri o o ao o oo o 

s sssssasssss 
I SS^SHJs^isiiiiii 
«H (M (M (M tM K1 in K1 n K> rt « 
o oooacaooaiooj 
♦ i   t   i   i   i   »   t   i   ■   i   t 
o o <o o «-f CM « oai CM o- r*- ooaooaoo 
(M (M tM(M ^r» CM •» K> oj <r wo oao o ooo 

o              w .-i .-•■H •-•«>. « o ^-CM TH «-< o o a o o a o o 
w   
O I    I    I    I    I     I     I    I     I 
o 

a «M CM evi CM m m f» m o n « 
(I o ooooooocsooo 

« •   i  •   i   •   ■   i   i   ■   •  r 
a] a co o o w CM ^ oa> rvior^ao;3ooooo 
X O fMCMC. »<COCM'»nfvJ«^OOnOOOOO 
•- O »-I -C-l WO B> O «  CM W-H o o ao o oo o 

I  I  ■   I   I   I  I  I   I 

o     m IM IM CM f\ it it m rt it a> 
O        aCDOtJCICDC»C3C33r3 
♦       ■   i   t   i   i   i   i   »   t   t   r 
o     ao 'O o »-i oi ♦ o^ CMor^oooooooo 
O        CMCMCM^-tCOCM^rnCM*    .IOOOODOQO 
« «H r< w4 WO CD « «I <M W W O O OO O OO O 

t   I   I   I   I   I   I   I   I 

7 

•« o     ru IM cv IM K\ en »n m »"i to « 
tr o     ooaooooaooa 

o) o     a>«ao«-HM« oca (Mor^oooooaoo 
O        «M«Mt«WC0«V«miM'»WOOOOOC)CiO 

_l IO WWWWOB'OVCMWWOOOOOOOC' 

*-• 111111114 
I- 

111 
CMIMCMtMltfaKimiOltaj OC WCMCMCMCMKIItrO 
ooaooooooo^j ui Oi^ioaooocj 
■    l   I    >   I    I   I   •   I    I    • U. +        I    I   I    I    I    I    I 
•t«-io«(M3»CDmof^r»oo-3oon»o r c       ociooc»r>oar>-30or>cjooooo      r?     «o>orDWfM»r3 
(MIMwrj^-owCMW^woooooooo 3 a     oooocjooooriooooooooo      o     (M(M(MWa}CM^ 
^-•ww«-ior^<o^iMwwc>oooc3000 u a     oaooaooaooaooaooaoo     K\      w«-i«-«wocD^» 

i   i i  i  i* » i  i i i %   ' ~ i. I i  * »   •'  » 

DC 

m x x 

oooooooraooaoooooooo ii_ oaoooaoaooooaaoooao aaoaooo 
ooooooooooooooooooo oaooaooacjooooaooaaa oooaooo 

i- oaooaDoaooaooaoooa ui t- oooaooaoooooaooaoo •-      ooaooö 
ui WCM ro^m^or^cooowcMKi^iA'O^co f- UJ wCMio^inor^cooowcMio^iA^orvio m     ,» CM in ^r ^n >o 
x wwwwwwwww 3 Z wwwwwwwww x 
►- O »- K 

4-67 

LOCKHEED   MISSILES &   SPACE  COMPANY 



■^ V 
LMSC-D244589 

o «-«waociaooow 
♦ •   i   i   i   i  i   I   I  I   i 
o     or^ s ao K\ H o» « in o a o a o o o o 
f- OCJO-OWOtCOOOPOOOOOOOCJO 
CM        O« «  <-« <-l T4«-I(M(\J «-iaD  o o o o o o o o 

I   k   I   I   • •  I   I  I   I 

•-« OO». » »O« l> O»  IA 
C3 ««w a o o <-> oo ci T< 
> I   I   I   I   I  I   I   I  •  • 

«- o« r\j an «s oo OK\ o oo o o o o o 
(M anrv r< ri rirtN CM rita oooooaoo 

«-4 OOO^COOO.O'O'lA 
CD Wr^OOOOOOOrt 
♦ ■   i   »   i   i  t   ■   •  r   i 

■ i  i i  i   i 

O T4>4 oo oo o o o rl 
♦ i   i   i   i   i I   i   i  i   i 

s      o« CM OK« «a oo Qro o o o o o o a o 
•-•        OK>rv»<»<»»H(M(M •-<•  o  ooooooo 

•  I   I   I   • t   I   t  I   I 

«-I ooo><0'00>o>»c>in 
a W^IOOOOOOOH 
♦ t   i   I   i   i  ■   t   i  ■   i 

m o<o CM o n «s o o aio o o o o o a o o 
•-« OK>r^   ^1 T4 H «-IN (M «H« o o o o a o o o 

OOOO.O>OOOOJ> 

•   llllllttl 
OOK. orvin^oo-o i<o ooooooo 
OOtMOI^OÄOOOnOOOOOOOCD 
otne^ ri^iwHiMCM ■H« o ooooooo 

ii   i   i   i  i   i   i  i   r 

a 
o 

Ui 

oooooO'OOO'in 
•Hi-IOOOOOOOrH 
■  I   illllltl 

o<>r>. «rvn* ocxo wa ooooooo 
o<o(M on«» oo ono ooooooo 
onr- W.<TI^IM(M ^B> o ooooooo 

■   i   i  §   i i   i 

oo<fr<*»o>(>(»a>in 
^•-ina'DOo-Da.H 
ti   i. r  i ■   i  i  •  i 

oor^oN-n^oo-OriooooooocD 
O'OCM an««» ooono OOOOOOCD 
onr- w^ri^iNCM »<• oooooooo 

i   i   i   i   t i   i   i  i   i 

ao a 
i   i   r 

rtWO'f.OOCJOOOOO 
Kl CM ••  ««OOOOOOOO 
^CM<-l«400aOOOOO 
f   •   " "• 
1» 

♦ 
o 
c;> 
n ** 

UJ 
7 
t-* 

■< 

oc 
l- 
M 

o 
K n 
•« o 
Ul * 
I 
10 

oc 
ul 
31 ■x 

aooooooooo 
I   I   »i I   • t   i   •  I   • 

oom »«i^i^nwai »*> a ooooooo 
OOJ* cin^ •Hrjwm no rjtroooc^ o 
O(M»O«00iHrtrt>0iA oooooooo 

I   I   I   I   I I   I   I  I  t 

oooaooo-Donoo -oncjooo'o 
oooooooooooo oaooooo 
oooooooooaooooooooo 

T4        o o » » o> o o> » o m 
o »< »« o o oo oo o >-• 
+ i   i   i   i   i   i   i   i   i   i 
o oo>r^«r^T»i*oi>o>-ioooo 
o o <o CM o n-o«) o o o n o o o o 
n on r~ w w »<»4«M cv* »<cc o o o o 

3 ooaooöooooo 
ooooodooooo 

Oooooooooooo 
r-ioooowtMcWiAot^eo z 

z 

oooooooooooo ooooooo 
oooooooooaoo ooooooo «...._....-. ^ • • . . ... 

►-   OOODOOOOOOOOOOOODO 
ul  »HCMn«iAor~<o»OT«wn«m>4)rva> 
a .^»^rf»l-^»^■»*«^w« I 

i t i > t i i 

oaooooooooooooo 
oooooaooooooooo 

OOOOOOOO C^OOCDOO 
THCMn«inorva)o>o^CMn* 

4-68 

LOCKHEED  MISSILES &  SPACE COMPANY 



T: 
^ 

I 

i 
I 
I 

LMSC-D244589 

a »< .-• o on o o o O'H 
♦ i   i   i   i   i   i   i   i  i   i 
o orv a o oia w a» « IA a o o oo a o o 
r- o«\i<>0'<r'«<ocDcici(Moooooooc) 
-NJ o«-Oi-i<-i<riwoj(M «-in oaoooooa 

o rfwooaooao.H 
♦ •    i   i   i   i   t   «   i i   t 
o oo r«. o r> KV« oo« »< o o a oo o o o 
■» o« (VI oio«"3 oo on o o o ooo o o 
M opar«.»*rt»*w<f\<w ^HO o o o a o o c» o 

rt o ao-» » <» cr th» m 
o »H w o oa o o o o»-« 
* titittiiti 
a oo> i>-■«» i^ K»« 00"0 fio o o oo o o o 
f? o« «-«jri« «> cj'Ocjr; CJ CJ c_> cju t^ tj ci 
(M i OM r» w fi»-l ^1 (M fM wa <«  OOCJ ooooo 

,-< ooo> » » » » o>o> m 
O <4 rl O O OO O O OT4 
« I    I   I   I   I   I   I   I  I   I 
o oo^r^'Or^KV^oo^jT-ioooaoooo 
oo o« OJ ort 4> a o o on o o o oo o o o 
rt on fv rt »4^»« t\» rvl flO   o o o ao o o o 

^4 0 0»<>0.»t>0-»ir 
o *-«•-• o oa o O O Or4 
♦ t   I  I   »  I   I   I   I  I   I 
o o» r~.« r^ i»*«-oo^o -n o oo ooo ao 
ft o« N on« a o o on a o o oo o a o 
rl on (^ »H •-« H »-«(Vi N fflO  o o o oo a o o 

: 

i 

o 
o 

+ 
o 
04 

o 
o 
4 
o 

oo(>o><*»<>(>o>in 
Wfiooaooaort 
itttlttlil 

of* r-«i^m* oo-« riooooooao 
a-otvion^aioo on aooooooo 
On^«H«-««H«-l(NifMr-m  oooooooo 

oooi>»ooo»ir\ 
T-IT4OO0OO00<-I 

oo' r^oi^n-» oo« rioooooooo 
o«<Mon<oe oo on oooooooo 
onr-T-iw-H-^iCMfM rfio oooooooo 

1 
i 

oo(>»a>i>oa>»iA 
»<»« riO-30CJOOfl 
i   ••»tiltii 

o» r-oi^-n« o o « .-IOOOOOOOO 
o<oo*on>o«c ooonooooooao 
onr» <-iw<4>4CM(M »H«O oooooooo 

a 
o 
« 

oooooooooo 
I   lit»   t  I   •>>• 

o-o mwr^r^nwaj »*> aoooc/oao 
otvj^irn» **rv otir* ooooooorio 

V 

1 
a oo o 
o oo o 
o oo o 

DC »- 

IT « 
I 

oocjooaooooo-aooooaao 
OOOOOOOOOOOOOOOOOOC) 
oooooaoooooooooooao 

t-j t:j o o o o t> o- OlA 
•-l-rtiI100030CJ^I 
■   I   I   I   I   I   I   I   I   I 

oo>r^ or^n<r o» «»^OOO-DOOOO 
o-acvjon^ajoocino OOOOO oo 
onr^ ^THwwiMe>irt»oaaoooao 

o oo o 
a oo o 

a oo o 
m « ^ <o 

cr 
UJ 
CD 

u. 

oc 
LU 
I- 

O 

aooaoaoooooaoaooooo 
oooooaooaoooooooooo 

<( _.__.>-_•■-- .. --- -.. 
t- o o o o a o o o o o a o o oo o o o 
id      ^irvin » m «r- DO> o Hwn * in-or-io 

ocjaoooooooooooooo oo 
oaooooaao ooaooo oo oo 

aaoaooaciciaooaooDOo 
*HC\jn,»,iA»o'^«oc>owfgn^-tn»of^to 

4-69 

LOCKHEED   MISSILES &  SPACE  COMPANY 



,^r 

^ 

o 
I 

LMSC-D2 44589 

X 

o 
a 
♦ 

in 
o 
I 

x     w 
£       (M 

o 
t 

« 

o 

I 

o 
♦ 

o 

o 
o 
♦ 

X        «0 X 
E: 

(VJ 
o 
♦ 

X 

X o 
1- o 
z o 

»HO       OO 
It     ♦ + 

iv rx o a) r-. o 
>o V O vl -o o 
r. M o « i<i o 
n won »< o 

m t- o 11    1           HI 
o X o 
Ul 2r o 
Irt - •— »M IM     «in 
-» ■«o     oo 
.-1 i   >      ♦ ♦ 
•-■ rv » o « IO o 
E « « « o« m o 

o fv 04 O Kl K> O 
o ♦ m wo m vi o 
w i- ir 
o i1 « ■   •'          ■   B 

►>. Oi 
o 
1 1 

r^ X (VJ 
o »- in 
n z •-< 

w         if» in 
0 oo 
1 ♦ ♦ 

rg oo« o o 
n a a m o 3 

i-i oo ooo 
1 1 1 ♦ ♦ 1 

a> ai n « « m 
w w » r« <aiv 

r» CM oo o« o (M WOJ oo> io<o 

1 
in o a m w a » 

ID (M (VI lA (M w 

►- I •      I • 
(K X m 
r\ ^r TH 

0 o o 
1 ♦ ♦ 
•o OO Wtv o 

• 
wn » in •« n 
w o o o oo 
i i i ♦ ♦ t 
(M « r^ m Ptn 

<m wl O O» P>-  O o o. • ■« in « r^ 
o •O OOlv o> o o in <-< on K\m « tM O O <M « a 

t- 
CVJ N wm Me 

» 
ul K\ 

wo     o o 
1 ■     ♦ ♦ 

f» <o oo> o o 
:■- o «mo«« n •-• ♦ (v CM O K» KV O (- X 

z 
(M 
^-1 

K* .i o ro w o 

« Ul 'J 1* * ■ t  ' 
■ u« 

1 in 
ifl in 
Ul UJ (M (M     « m 
Ul or wo     o o (O « (VJ ►- »1      ♦ ♦ Ui 
u> o 10 r» n o « o o Ul 
Ui i « « o w «u o a. 
o *4 D r. fv; on Ki o o "* r- * m •- o n w o UI 
Ci KV < 

»   t        • f 
a 

■I 1 
7 

o 

< •-4 M 
t-- •a CM <vi     »m 
ul (T wo     o o 1 
T ►- ii       ♦ ♦ t~ 
l- 1/3 rv o oo< (M o Ui 

-3 •o n or«, w o X • ^ o OC r«. m o (vi K» o y- 
(VJ o Ul ta w o m w o 
-x • >- • 
_l 

-J 
I.   I        b » o 

■ 2 ■ 

X S 
a »~ K x i- a. 

X 

H o a. a. a.ui UJ»- >— 
■a J o aj uj (J           (- •a 

r> fn     m « 
wo     o a 
II       * + 

n o oo oo o w CM m om a> o 
3 3 0 0 000 3 « rv  30>  H o 
♦ o oo oo o I m woiv in o 
rv ooo oo o X in o N om (M o 
oo • US z « 
in 10 Ul -c u> IB          1    • • UJ Ul » ul 
i. in 

U5 
or 1/! 

U) IM         in « UJ UJ w m o m « m 
a o         oo Q a W OO Q OO 

IM i- 1          ♦ ♦ a. ►- 1    1     1   ♦   ♦   1 
o in « o o wr^ o (M o VO w or« m ♦ m 
B w oo» «^ o >. * « m « n o K 
w c •o a or>. o> o Q w a « W o |v (M rn 

W O O IM * o 3 
1- 

3 w 
in 

^ «« (M IM <H m CM<F 

1                 1     1 r i   i   • i 
i to ' 

•* (M         mm 1- ■o «H m o m « (M 
Of o         o o Ul a W C/ o o o o 
►- I         « « T »- I     ';     1   ♦   ♦   1 
(O w o o « o o 1- U) rv to in « om 

o m oom o o 3 OO (VI» Is Mv 
o (T (M o o o « o * > CJ QC o>   W O «O (M-C 
o Ul 

V 
«1 

m aom w o (M 

-I 

o Ul >- 
« (M (M m (M w 

i          i   i 1. t  1  t t 
-1 J 
a. ■ m 
a a 
to II X 10 II    II    II   II    B   U 

a t- »- x »- a. a. »- t- x »-a. 
o 0.0. X l/l (O •- ► a a. a. a. (/> «i- 
o dJaJ a 1- -* J o LU  UJ  O                r- 
o o 

4-70 

LOCKHEED   MISSILES &  SPACE COMPANY 



■*r 
^ 

I 

I 

1 

♦ 
o 
IS 

DOonooooocJoonoriCJujciCJ 
♦ ♦ ♦   i   «   i   i   i   i    ill    i    lit    ill 
ton rtO^XVIM-OD*1 ^io »  « « «  r^ «-» 
(vrviriHarvjoi'« ota€cr>'«»if\Cofvjr»i 
ri^i<H(>'0«io(Nim <iir\ -w (Mo r»oo  w WH 

i t 

O O Otl **■*(* *-l •*  i-i *-l ■rl * fit f4C*  rlrl r* 
O O O C« 1_1 t-i o o o CJ O O CJ o o ^ CJ c> o 
'f'f+lllllllllllll III 
^t in » m( in rio wn «i rf aJ> w o« x » m. 
r\ (vi c r^ m <> (V ♦<>■ Mrvi»i*«)oCio(MK\ 
rlrf^TW«K1l^f\;«<HI1-»C>»«»lir    rlrlrl 

III •  I 

o 

a (rt 
in 

u a. -1 
•a _J 
1- 

J- 
2 o 
C C1 c 

) tj O O O O ^ 
o o □ < 
o o o t J c-> o o CJ n d o o a CJ o «^ o c a 
-f  4   +    ll  I    I    I    •    ■     1   I    I    I     I   I    i      l| 
»i^aiaw'omrviiOO'mtrtr^io«« fO^CM 
(v(Mo^«r^N««i am -<K» ioo> i^ ^iir* 
H'H^iai'Ort'OCM'«' om ■« r>J« nto  ^i ,-i H 

III i   i i  i   i 

ooor4{ririfM>4i-iHi>-i<-i<-irg(Mrg ^^w 
aoooloooooalDoacreoiooo 
44411 Ill     I     III      III 
n <* -o rto r^ * nry •* n (C mtM^i« «c^« 
i\jTHO<d'0 0<DOJ'0«lroo> CMomai WK>'* 
rirt^ij3|<)«-coj«/»:mm(M«««^irf»H 

i i i i i i i r • i i i 

OC)rl|r4»<rt»4^^-lj^lrtr4N(\l<Xl»4T<'4 
OooaooOaoo ooaoooaoo 

4 + 411 I li I I -. •  •  ' ' '   ' • 
T4 TH o c« o « K\rs rvi »j of^  a iv a, a   ^ (yj K\ 

' r r r r ii   riii 

J>     o o o ol o o ai o 
rl^   W*H<H(MCV|'VI(\J^|<H 
^) cj o o a o o 3 o : 

4 4   4   4    Ij   I     I     I    I     I      I    I ,1 
O Ol^r^v+O^lAmrH.-IO'»    T-IIOO-OBO» 
CM CM  .H       IMlCMO    -r^ mtommaiB«  OiB^|W 
TH ^l'Hrt<>:rv«(Vam^-»IOr4!n»CO»rH'4 

r4 I». 

C  O O -H 
a ooc} 
4   4   ♦    • 
Oi « O <-l 
»< »< ci rj 

I   I   I 

•H'rlrllMrlrlvH^-lvKMCMHNIVlV 
oaoooc ooaoaPoocj 
■   ■■■tilitiiiiii 

n^irfv««!»'»^ *•»» «v»»in 
N m 04r<j<vimi»>rM -i(\im>o r--cc« 

LMSC-D244589 

4 

4 
m 
cv 
CM 

4 

4 

O 
o 

■•   I 

Lii 

a 

-J < 
Q 
•«t 
tr 

Cl   rl r< ri 
-i i -rt-t 
4   11» 
ri rfio a 
a ©• IV n 
w» » a 

•-1 .-1 .-1 CV .-1 .1 
--><-• T -i r> T 
• 1  1 1 1   1 
» riaaec CV in 
mm in in -o « 
« v rvi iv ^ n   

<-l«-ll\i(VN04(MCMN 

>   i    >    I  I   I     I  I   t 
Mac rv C4X- ♦ oo. t^- 

M —i»  »nvi »^ « » ■« 

1 

i 
1 

i   I   i   i i   •   •  i i  ■ ; • t  • 

v4 *-• «-I «H 
o o o o 
11(1 

(\l o v o 
•«■ i»\ arv 
mmm » 

rl   Tf  W   CV  «VJ    vn 
0 o o o o o 
1 I t ■ •  I 

cc      r^i m ^ 'C 
m ^ mo m *- 
O <M iH tvo >- 

^fMCVimnivjcuf^fv. 
OOOJCJOOOO 
t •  •  1 1 •   t • I 
TH^rm-^m     lr^mr^ 
rvm »-Ia «c ^ m *> «> 
rH« ■« r^«o ^ TH ri ^ 

i   i   i   i 

n n n n 
o o o o 
o o o o 

i   i   i   i 

o n n r" o P 
o o o o cr> o 
o o o O O C3 

1 

ooonooono 
o D ei c ■ r) <'■' f" o O 
C'OCJf-'oCloc  o 

D 
4 
r 
0 

CJ  i J1 ■ »H ^4 ^ 
O Oo 000 
4   4 4    1    1    1 

m MM « r« rv 
<\j Nw « ^im 
»^ »<^ 0 f •• 

n 0 0000 
1   1    1   1 
♦ «r ♦ ^' 
r>m «■♦ 
m < «v ■» 

rt CM (MCll  rl W 
0 0 n 0 0 0 

1   1   1   1    1   1 
^ 0 «P « P^ >n 
IT: 0 m ^1 O (\l 

0 
1 

. 
u r  !• B 

0000 00 
0000 00 

B 

O 
O 

o o oo 
o o oo 

o o o o o O 
a o a o o o 

o en a oo a 
00000° 
■   ••■.« 
0 0 a ao 0 
0 ■r-t (Mm« m 

000 
00 0 

000 
or- B 

X 

■« 

4- 
UJ 

a 
0 

! 
1 

00 0 0 O10 0 
00 0 0 olo 0 

00 00 
0000 

*-      oooooocr-'-JO 
ui     ^fj ni» in or-ao o 
X 

Oo O D O |0 O 
"-IN in « m ho is. 

OOOOIO OOO  OOlO 
a» 0 wiMm «-m «rsiio 

4 
m 
m 

« 
m 

CJ 
=» 
4 
<J 
ir, 

CJ 
4 

a. 
to 

o 

CJ 

or 
UJ 
s- 

4-71 

LOCKHEED   MISSILES &  SPACE  COMPANY 



^ 
LMSC-D244589 

c^oo tjc*u>ooo aooo OM OOQCJ 

I   I   I    I    ■   ■    I   I   I    I   I  I    I   I   I    I    >   I   t 
r^as-or^/xooKi»  (M o» o « o « 'O K.i^ 

(\HM<M w «3 in »<THWrtT<«-tinrgir> o «-"Mro 

iii    ill    iii    iii   i 

j Q O   C1 vj LJ   O   _) C O  O O O o O  O  ^-> Ql L_> 

I   I   I    I   I   I    I   I   I    I   I  I    I   I  I   I    •  I   I 

ot>4K\ lA'rorvin» inortK ^»^ (M »n^n 

i   i   i i  i i  •   i  i > 

o o •-"> o CJ L.>    i c-i o a oo o oo c^ o ci O 
■   ■   t    i   i   i    .   •   i    ■   i   i    i   ■   i    i    ill 

»t\ir~- rv)-«^ -omo  I-IIO« ^ro-inf^rv* 
ion(M« »H« »ir-o^ wo o (\j« o o »i(v 

i   i    i   i i   i 

ooo o oo ooo o oo-o oo o oato 
i   i   I    i    i   i    i   I   i    <   i   i    i   i   I    i     III 
rtiri a: ^jc^^-i'Oo^ ^ ^^ c- r^ d if\ o ro *-» 

Mrviw^io^^j)» ^i>r^«rv,<>n *> "-• 

III    i   IIIII    iii    i 

(Vl t\J tV M Mn 
0 oo o oo 
1 1  I   1   1 1 
» «-I«   o  > o 
o » -o o> oo 
r^ tMfM rl WuT» 

o oo a ooia ao o 
III    i   i   I    I   i   i    i 

in ^ o m *-»^ KOT« 
lA O   ■-! «-I r-IO ITV (Njr'l O 

a oo 
i  i   I 

r-lr-v to* 
O CMtSi 

i   i   i    i 

OJ (NJtM M 
-> o a o 
i   i   i    i 
n r^ M •« 

« •« K> pg 

i   I 

tNJKX 
C' CD 

1     1 
CO CM 
LTI» 

III   1  1 1   1 

fOnt>jwoi(MiiO-rm KI 
o f"> o n o o |o -j ci o 
III    III    iii    i 

«D <c o. ri •» .-uri no- n 
•or^oiAf'i'-iffl*^ L"-1 

'CIs.^lrl^l^pCIMI^Iv 

(M CVJ (M 

III 
in o' »H 
U O t\4 

i   i   i    I 1  1 III    1   1  1    1   1 

CM catM M 
o oo o 
•   I  •   • 
O   »-KM ■« 
ar   lf> «• f^ 
in lA-W K\ 

<M«M 
Oo 
t   • 

n en 

nnfMCMIMIMKl^in  Kl 
oaooooooo o 
i i   i   ■ I i |i  i i   i 
rt oo * * on « oo. 
■>rfVtrt«>in»-"ltM »i»irv 

fill CM 
o a o 
• ■  t 

«Vfirn 
r^ »i o 
OoiW 

■     III 1    1 III   1  1  1  '1  1 

lOjCMCMniCMnildiomnj MiaririK» m nmM 

I   ||   |    (i   >.   >    ..•!■ 
hr OK in M« 
rt cc o r- o « 

ir» « m «r r> »< 

ill    i   i   i    i   i   i    i 
r^«o> riroOTo« cvjivj« 
tv o ^i n ri« im ^iio iv » »I o 
« rv o> »< **>■ « w CM m »v ^ kr 

i   •  •   i 

IV l\- CV  C\i   CV |\J 
0 o o o c» o 
1 i  I   I   t I 

rr   lA K T 
lA  CMIT Kl fv ^ 
<o >oin -«r CM »-I 

ii   ■   i   i   I   I  i 

Klflrl  KNKMO^K-n   Kl   MlO 
0 o o o o o o r . r i r« o o 
1 i   •   i  •   r {■  i   •   t    •• 

a^ininory^Hp-in     in^io 
KCVJO «-loobccvjino 
K  -O -O  I> K « |«    rirl r\   Ift* 

I   I 1    I   I 

CM njrvi CM <Mn 
r> o o o o n 
i i i I i i 

|r> »^ r> ■» rv (\' 
in f JOO «\j ■« w 

n i». «v «-«o P. 
►  für   !• n 

■ i   i 

III    ill i 

nnnnnnn*» n ^n 

i  i   i   i   i   i  11  i   i i     ii 

o is » o> oiv ki CM» in 0 a> 
«n«'«»»r)M«:»< »<ivw 

o 
♦ 

IT 

n n 
o O 

i 

nn ♦ •♦n "^ 
OO O OQ o 

rv e <e r^ 

CM 

I    I    I     •    I i     ■    I    I     ■    I 
e « K m n n 

niincsKvion 
IVl (V. »-I«   f r* 

n nnn* v 
O O O O D  O 
I     I    I    I    I     I 
♦   (V o ♦ t-i ♦ 
«a o in i-1 o m 

Tl Ti»-iir IM 

»■ i» r n • r  ti B 

o ooo oolooooooiooo O 0 0|0 
O  OOO  OOOOOOOOC3000  OoO 

o oloo o Oo oo oooo o 
o o o o o Oo o|o oooo o 

»-       OO ITT oolooooooiooo o ooio »-       ^220Sc,Pfe?22SS 
u;    -i.-Mn Tin-or-oo » o^nin'» in «rv» ui     ^fvin * m« ^i« » OWN n 

■« •♦ n n n 
o o o o o 
i  i   i   i   i 

t-i ♦ n tv n 
■♦ « O M 1.-4 
•>« wmi n 

•>   M   •    O    • 

oo o o o 
oooo o 

oo o o o 
«m « cv ID 
•«^1 •* -llvl 

o 
o 

a: 

10 
3: 

o 

Q 
in 

3 
LI 
or 

w CM CM W W rl  »H   H 
o oa oo oo a 
♦ i    i   I   i i   i   i 
o »  CM « « o. ♦ n 
IV in K mnt »in « 
CM CM a  •-IIM iMn n 

^H CM CM Mrl www 
o oooo oo o 
♦ 1   1   1 1 i  I   i 
o O  •« » M » CJ w 
♦ »>. r» ♦ »< »<r ift 
CM • CM aa WIM rann 

ri CM (M H rl www 
O oooo oo o » 1   I  1 1 t ■   i 
C1 (M « CO CM at ■o 
«4 « n <• vi •jn « 
CM CM 03   rHIM CMnn, 

w CM CM rl <H www 
o O O OO oo o 
+ 1      1     1     1 i   i   i 
o oc o m cc ♦ o ♦ 
«J om no> « (Mn 
n N rv ww CM n n • •  • 

** CM CM rf rt www 
o OOOO oo o 
■» IIIII I   i   i 
o CMirv .-lO rv wo>' 
m tt 1«  IM« m WCM 
rt 

*     ■    •    • 
ran n • •  • 

TH CM (M •H»-! www 
o O O OO oo Ol 
+ I'll! III 
3 00  « »« <orv ao 

rvi «|« o<o Mlv » 
-i -lift    Tit* CM CM(M 

lO MM W «1 

! 

w wwl 
o OO oo oo a * ■ {III I t • 
o <0 CM« « on -o 

ro r\\o- ■>■« o« «< 
o »Hi* o> W rawcv 

0 CMCMCM W www 
'1 ^wo -an oo o * t   I   t  t lit 
o rviK> (MO «rv rv 
o q« iv w 

•in K »i 
Ifteo o « WWW 

o n <M CM CM W»H WJ 
lO oio oc oo o « •   I   •  • 1 t • 

irv ^H ,-f T-(CO   •H 0 rvlCM «-i« w CM n 
n coin«« www 

p 

I 

! 
1 

no no 

i 

i 

p OIO oo oo o 
o ciic oo oc o 

X 

1 

o o oo oo o 
oo oo oo o 

t-       o oo oo o 
uj     TH CMIO «ii\<o 
X 
K 

4-72 

LOCKHEED   MISSILES &  SPACE COMPANY 



"^: 
"^ 

I 
I 
\ 

I 

I 

i ** wru CM rgfvi 

t  I 

M rvi (MfM OJ 
a o oo o 
i   i   i   i   i 

mjCM **c*t * <oo I« « « »< w 

LMSC-L244589 

in >f> « ♦ « miiri ifi*-»^»«]^« » 
o ooooaooaoac^ooci 
♦ ♦♦ ♦ ♦♦[♦ ♦♦♦ •♦ ♦!♦♦ ♦ 
r»r»« rvioa«o«(M'04>(>(Miam ... > <J »I 

(M (\J«C   i^r. ^(»H rfn^-O io « 
, -   - •   .-   • -I 1 

Mia m 
inai (v 

»-» •H   r<(\J   (\J   (\iN (M N (MN fvj 

' 

a o oo 
1  1 1 

■OKI « 

o oo o o oo o 
i 

CO 
•    1   • 
w«o o 

1      1    1    1     1 
in m «» » 

o rsjNm r^ »^r». « oo m-c « 
o <\* v4(\J « (CO s <o « n rl 

•   i' • lit! 

•-• »-» »-IM fVi (VJCM N M (MM (VJ 
1 
; 

o o oo o oo o o o a o    1 1 • r   i ■ I  1 • i   ■  I  i   ■ 
o r^ <o« •Ho   ** « in «o- o 1 
o «\l NO O  0«H o iv o«^ r\ 
r-> (\j r-m « «O » «* H W      | 1 

.-« r* ^iru 

1     1    1 

N N N(M (M : 

i 

o O DO o oo O O O o o 

« 1     1    1 
O   (VCC 

•   i   • 1     i    1    1     1 

o •-KMO r^ «in « r^rv <\i rg 
C\J (M w> ^ fv » V   n 1 -rl i-l 

1 
i •  I i i   ■   i  i 

w »< ^M CM fgra M pa t\l(M (V 1 
o o oo o oa o o oo o 1 
1 i   I   i •   i  i 1   1  1   1   I 
in o/t -o r» ]> r^ !>   HO ♦ « 

! 

» rg (Mr r^ » n «^ X  oo o l 
CVJ .M rtry ex or** o « (^ •-< «-• i 

--t 

i   i   i 

i 
N P4 (Vim Kl       | 

o .O O _} o ao o r> o a o 1 
1 til      •    ■    ■ 

wm rt oo in J 
i   i   i   i   i 

r^ I". ^HT-. C- f^M i^ » «in j\ 
CM <\l rfl^ «vim« ,0 n fVJUJ  » 

•H «4 •HCM 

t   i* t* 

n raw 

iiii          j i 

o o OO o oo o O OO O     | 
1 I  1 1 •  i ■ I    1   1   I    1 

1 

r* ■« ■*<> K\ mm > 1^ l»>(M (M      i 
m r^ D«: omf<j «>€)*>-«■<'        < 
(V W ^K\ O mv ■o M rfin in 

| •  i  • IIII 
i 

rt ^rgrvj K» wr« IM (M Mn m 
n .i ^r? -» -j "» -» 3 '1 "> 1 
i t   ■  I i  (  i 1    1   1   1    1 i 
rt oto o irv ^ o ^ ID V CC  ff» 
a.i « in« «»  (M«> «r r^ oo o 
** ^i« ro IM fM«M M ~t •-<« "1 

1 

1 

1    1    1 ■    i   i   ■ 
1 

fv MV r-l r^n. 
1 

[\. K> r*. m KI 

1 

o T» D Cl ^  OO o o o c? ^     ; 
1 

r til I 1 i i  i i ■ i     ■ 
o to r^ ro »O l-f"- 1 0    -1 •»   rH   ,-t 
▼H «vo-1^ fv Kl f\j O O. ff   IT   IT         | 
T-f »in CM ^r ec -H .H f^   ^-   ■       rl        | 

i   i till                    | 

1 
1 
M r>i(M ^ TH \<H ■r* "i rH W •-i|{v«MMi-<(Mrii:fv<Mr* 

5 o D o o o o o OO o o o o o OOIO o o 

o n r^ n r  or» j * M r«. » 1 i 
(V rt 

i     1 
(M rifv or «-< N» <u » f» 

rj Ti c   o Cj c  O -\ O O O L-       p ■* n ■« wio m -o W <M fNI ■« O (~> o OK>ira rj o 
O o o o r. or :  o oc  c      p IV ff ~* l>4|«V Ki n rMV »-I IM«© r*t> K m (MM 

■ e B r r ii • 

o 

lg 

M 

l 
o|ooa ooot3o oa o 
oioooooopoooo 

OClOOCDOOtlOOOO 
r- «oo o r-i mn k m «r^ <o 

o O O CD o oooo oooooooo oo 
o oo oio oooo oo O O O Oo o oo 

<•••• ••  
t- O CD OIO O O O O OIO O O O Oo O O O 

jUJ 
in 
in 

D 

a: 

ac 
U) 

>-l in v m m mm 
D o o o O J o r>oio oolooo 

♦ ♦ ♦♦♦♦♦♦♦♦♦♦♦ ♦   ♦   ♦ 
^J noio  »i«Mn oo-rvi^cv « « m 
<r r< r>jn mm o« m« « » H«K> tvj 
(M rf rf(M K1 tvi Hn » •« (M M m «i^r^ 

II   III | 

*H in « m in m in mm«««« « « « 
CJ O O O C1 O cJ O O Cl o o c oo o 
♦ ♦ -f •♦ ♦ * ♦ ♦ !♦ 1. ♦ ♦ ♦ ♦ ♦ o -o OM m « Ki a (v ci <M in o M« fv 
vl »i « « •« «v a<v »<(> c  ,-KO WOlv 
«M H r^ »H mrm N rt^-m pjm « « T< 

i    i   ii)    lit 

»H mm«- «««Lnmximio« ■r « ♦ 
o o oo OOD|OOOOOO oo o 
■(• ♦ ♦♦♦•♦ l+-f++1-f + + ♦ 
a «i^cvi^o-Hlir, -cnii mo 

r^ *i«^ r^ (MiAlm io^ "Tun» 
« oj in 

XI K> rtm 
»-I rl   ^4»    »^«(i-lM^^l^tM mo m 

i   i  i   i   •  i .'   III   i 

W mm« « m « « mir m m « « « « 
o o oo oo a o ooo o a ooo 
■(• ♦  ■»♦♦<♦ ■»  ♦ ♦ ♦ ^   ♦ ♦ ♦ ♦ 
o O *-IP^    O "O ^> ^1» «i«  CM ♦ ■'»« »* 
ITI m r^ «j öL ei« t » « iv ^ioe « oe 
r-l (M ^-tK> a> '-•» K> ri(\/rt Mrv THO « 

. 

i    i   i 

« CM« ♦ « m 

I    I   t   i    I    I 

Ki «mm m m 

i 

«« « 
O n r>o o o o O O O' o o c- o o a 
^ ♦  ■♦■♦♦•♦ ♦    ♦ ♦   ♦   H    ♦ ♦ ♦  •» 
r) rH PUO    rtC>  T-l O «l^O  K\ M m Q« 
M    b'  •-• TH « f^ • ' v   « CM ^  rv « r^m m ^ nj « »H m r^ rf fl » (M (M (M W m« o 

1 i   1    1     1    1 i 

o I« »im m m «1« « m m m mi« « « 
o o oo o o oo oa o o qoo o 
♦ •»#■»«♦ ♦1«  ♦••« ■» «]♦ ♦ •• 
o Kr^iHO- •-•«•« r^a«« (Mim « « 
O IK    O«:   <c   Or,l»<C»rilVOC3lOIV«l 
O in   iHiH i-l ^(M|«M » (Mf^K> l\«MO« 

■ i   ■ ii." 

o    m « m in m<n « «mmm mi« « « 
♦     i*  ♦♦♦♦♦♦   ■»+♦♦♦!♦♦♦ 
o    loicr^ «mni(Mirm'^r^ m|K>(Mr^ 
o    la«i^mm«lrvr>«moo«|my>t^ 
«      1*1 f^ wl ^ *< ♦<!« 
 I . 

r>« m « »im<o t^ 
•-< ri<M (V »4« »Jin 

I  I   I 

« «in IT. IT • 
o olo ' 

K. n m 
D C-« . D 
■»•♦■• 
«t^ o 
(VCJ m 

I« r» »^ w i-io. »^ ^(M^i^miioum 

i-»  ♦♦♦♦♦,•»♦♦•♦♦♦ 
Nr •* -o (\J •o r-- K i^c»      ii (M 
|(M  ITi iH «   iH Kl«    (Vc>   IM « m 

inin« «m«i«mmmmmln«« 
p oonooioooooolocrio 
!♦  ♦ ♦  ♦ ♦ ♦ i*   ♦♦♦♦♦♦♦♦ 
rv   «piKl^l»)»   O-o   iJinP'^«!"« 
o ruwrv (M-olouom ^«-looinj«« 
iv »*> r i-ti» Ifti iHr: ^ r. (M tvn «■ 

o oo oooo oooooooo 
o oooooooooooooo 
«•>.  
►-   oo o o o O Oo o o o OD o 
ui  .-KM n «m'O i^oo o o i-i<M)n « 

1 4-73 

LOCKHEED  MISSILES 8t SPACE COMPANY 



"S *Ö 

aioa i 
♦ ♦ •♦ 
r^ « ♦ 
in oo m 
Mn irv 

i   i i 

LMSC-D244589 

o c>r>oooooc«(->oocDorDr>ooOo ♦ ♦♦♦♦♦♦♦♦♦♦♦♦>♦+♦ + +   + 

J^ ^?.I?. ^•X?c"v"r'<c <xirv r>"n rtff O» ^  ^ <vi fvi (\J M .H t\i pg in THI(\I rvirMTHi^r^-MKiirv"  rv/ 

i   i i   i   i i    i i    i 

■r « « ♦ 

♦ ♦ ♦  ♦ 

a « o 
« « M 

■   f   • 

♦ 

o 00 o 
♦ ♦ ♦ 
inM ■♦ 
» <M « 
■O •-• (VJ 

1 I 

•f 

o -j o o o o o 01 ri _■> ^. o c o .^ c c -^ J 
♦ ♦♦♦♦♦♦  ♦♦♦   ♦♦♦ + -»   ♦♦♦   ♦ 

^ • ♦ JO IT» T< rt »T»^ eg»« -. »'V L i « ». ry in 

•  ■ >   t   • 

o f> o o c> o o i J( o o o o o L. o o ei c-i o 
♦♦♦♦+♦♦♦'•»•f-f4+*+   +   +*    + 

^ ro Ki rt « oj ro int (via;'«oj'«K<c^(«  ■« 

i i c 

D O  O 
♦   ♦    ♦ 

r« ♦ o> 
« on > 

oo o 
♦ ♦ ♦ 
■O » TO 
o> r^ o 

♦ in IO 
oo o. 
+ ♦ + 
ir\r- ■♦ 
iv -i ry 
O- »H   rH 

« «Mr in 
o oo a 
•»   «  4   ♦ 
a N-ri o> 
n oo o 

O 
+ 
o 
CO 

o 
♦ 
o 
in 

o 

♦ 
o 

■3 
+ 
o 

"JO o 
♦ ♦ ♦ 
T-IOJ c> 
r^ T< T+ 
K « Pv 

! 

o 
•f ♦ ♦ ♦ 

■» ■« M 
(ViPJ   o 
r\ rl  *-l 

! 

i 
1 

i 

o 
+ * 
tv 
1» 

♦ in in 

♦ ♦ ♦ 
on (vi 
<0   W    T-l 
« »-* »-I 

D 
+ 
o 
in 

m mm tn m m 
o o o o o o 
♦♦♦♦♦♦ 
«'<'«♦ If fv 
ao »(M (M o <o 
♦ ev »< « ♦ «»• 

o o o o r> D|O c o o 3 cyrt 
♦  ♦♦+♦♦,♦♦♦♦ + •» + 

w or»- owr^lmo» »rv *>IK( 
■-••«WfOKMOin-orv o^ fMio 

91 ■ n r 

X 

r ii •  nun 

! 

O 
o 

oo o 
oo o 
»mm 
OO O 
or-- is Ul 

o oo o oo 
o oo o oo 

OOOOOOtOOoOoQO 
OOOOOOOOoOoOO 

o 
in 

OO O D O 
^-ICM K> »m 

oooaoojoooocjcjo 
« h- «O » O r^(M cw m >o M«o 

vlvaw4'lT«>4.1<irl 

HI 

LU 

f- 

O 

re 
i 

or 
Hi 
CD 

3 o 

o 

>nJMn«mvin>n(nln>ninv'n>r«'ii>m » 
o o o CD o o o O'o DOOCDOC oo^ a 
♦ ♦'♦♦♦♦♦♦'♦♦♦♦♦•♦»♦♦♦  ♦ 
(\j «■ «n (v ♦ o. <j w»<i cjKttx^r^ «^^ o- 
««'t*' »o o in w wr^ ■» rtr~ m a r4 'H <-< 
riww^ ru.ncvi i^iviry •-i*-i> » *r o w*-* > 

r r i •" i" ■ ■ ,* ,■ ,■ ,■ ,■ ,■ 

mvininirvKiininxixiiri^« „ ««•» ♦ 
a ooooooorooorjoooooo o 
+   ♦•♦♦♦ + ♦+♦4.   ♦..  + +   »+ + +   + 
O   Nl*   O > » »   THto >   -^ <J -v ^   f.    o O'O   ♦ 
n^■•^rMrf[n♦•»lr^T^r^OT-ll»^(n^lo•«^ .H 
«ni^t^^o» »-iirgrMrMCM^^iioi» ^i> r^ 

i   i   <   t   i i    i   i 

Kt^-ton^-jw ♦Lnininin^-r'*«r^^<* ♦ 
J    i O ,1 Q o _, Olo OOOOOfcJOO -^ o + +i, + * + **'**+-,- + + *+ + + + 
♦ fN.nwmrv.o'OKi.oivomooiot^'0'-)« o ^ « r^ » c,,. wjv (\i-oo>»tv «r (vixviA ♦ 
Mro"» «mwoiniwrvtrui-iooc tor^om ro 

i   i   i i 

in 
o ooaoooolooaocjoooocjo 
*t. J. ll***1***"»***«**   * »-KMnJOinrvm <crv(x) (M-r4cocoo«  acot^o 
»im'«» » »^o«tr>» <c<« CJ€> »^ o. r^ ♦ ■• 
-HO <o wwmn ♦ -riM N1^« '-IKI >-«<o ni ■» 

i   i   i   i ' i' »" i'  ' 

ininm'« «ir>tnwm>r\'V'<r«r>Yin>nin 
f   "J T  ~l   .r> ^ 3   T'T» -l^O   '7 "»[-■"»"»   T»   "i 
♦♦♦♦♦   +   *♦*♦+>♦•»♦♦♦♦     ♦ 
m-ic* 'X K> «r ir o r^loin CJ^-*OO w-ir^oi^ ♦ 
♦ ovo oiir, incjwirxcjinffin OI)»HK> 
I*^ <VJ'»-♦ K\ <r IH•-( <rrv w4 »■♦ f^ rj'Mm * «^ «-* ^4 

irviiu- iTilnif mm if' 
jfo 

IT in If 

♦ ♦♦♦ ♦♦+ ♦♦♦ ♦■♦♦ 
n m(\j Ki if. r-- n m^o ^r      «^ i^ 

♦ w IT. »r, u"- if) 
o CJ p I_I 11 o o 

n n «M Ki it-, iv n mm .«• |viv,-if\vt,oMr^ 
win lorv mm ^ r-iK »v -c o cr o- fi<irt»-'nj 
n MM ■« w -«re w rt ^ W-TH wm »^ w nj m nj 

iii    lit    i   i   i   i 

m m fn in "r ♦ in mm m m m m 
o opocioo9|Dootnor't->ör'C 
+ ♦ ♦ ♦ 
<• r1 K» (M <• r< ^. 
■« rv kM (M ro at-. 
n. w !<-i w o ir.ri 

«Iw» 
mt» «   V «   <« |v 

in in in m m 
o 

*+   ♦*♦ + »   +♦♦   ♦ 
pe»  P'lN in rv * rv nt*   r1 

+ (• 

K   r r r ii 

O OO O OQO OOo ooooooooo 
o oio o o o o 0|o oooaoooooo 

t~       ojp OOOOClooOOOOOOOtJO 
w    ^Mit «-m« rvoo, ori nin «-m « fv a 

I 

4-74 

LOCKHEED  MISSILES  äe   SPACE  COMPANY 



^ 

LMSC-D244589 

♦ 

lift***** 

♦ 

cv» 

" 'rt i«\ •« »v « M 

inmirtin« in 
O O D O O   D 
♦   ♦♦,♦♦    ♦ 

O OOOO o 
00000 o 

o 000 a a 

<H m m ■« v 
O CJ 00 a 
♦ ♦   ♦ ♦  ♦ 
O ♦ rvci a 

: M «   o»< ■« 
CJ r<   ^11^   »1 

♦ ♦ ♦ ♦ ♦ 
wrfx 3 joe ra 
<Mift CM« w » ♦ 

1 «i(v no « <o « 

inm^^in^^-w^unifi*!«  *« 
o o ci 'J t T c CT r • n o i»cj i > f."> o 
          .   - ^^ 04 ra - 

^ ♦ !♦♦   ♦ m in »'iA 10 ift «♦ * ,n IA« « ♦ <r 
OOOOOCJIOOOOOOI^OO 0 OOOO 

♦ +  ♦ ♦ ♦ ♦    ♦+♦♦+1   ♦+♦♦♦♦!♦♦♦ 
0 «  fO « «c rv«ao«« «Mr. <v on «■ n rvt 
ao r<o n m m>oncj-on»0'>o •-• ortjK <o -1 
•-1 A » r> ^1 r<»<tM«-»^l»<»»1»   M .M«i<-I » » 

1 r I'I ,'' 

a 
a 

ui 

w « mm m mm« m 

1 
m mim« « m m« « n n 

0 O OOO 0 oa 0 0 O 000 0 oa 0 00 
♦ 4 ♦ + ♦ ♦ ♦ ♦ ■♦ ♦ ♦ + ♦ ♦ + 4 4 » ♦ ♦ 
0 » * !M V m A ^-o > » AO ♦ 0« a w 00 
m tv WO » is « ^ « 0 m m(v oa r- räe 03 fvj 

• to • 
«-• w w •    •    • 

1 1 1 

T<«m • •  • 
1  1 

«H •-•m 

1    1 

-0 

1 

•H m in m m m m ♦ ■« m mi in« « m 

1 

1 
m« ••• «• •• 

O 0 00 0 0 0 ;J w"* en Tf 3 ,-JI Cj L.l O _j|0 0 Ci 
♦ + ♦ *■ ■f ♦ ♦ ♦ + ♦ ♦ ♦ + ♦ ♦ ♦ ♦ )♦ ♦ + 
TD n om m 0 o> CVI r- r»», CC  3« CVJ «OIO ■0 n 

tM 0 r^ m r^ m H« r^ •0 n Irs « n A LJ  - 10 oj 
•^1 (M CMfVi rj PJ rsj» •c TH H ■H« I'I ^ •Hin fM w •r-t 

o 
o * 

i o 

mminin«-«!««"«* «■ 
000000 
♦ ♦♦♦♦♦ 
^ c» o OP o IV 
O <-IK\-0 Is <0 

000000 
000000 

000000, 

00000 
+ ♦ ♦ + ♦ 

r^ r^ m «■ * 
r- 10 «o o » 
m m « «\ M 

c n • ■ D 

o 00 o o 
o ao o o 

mmmmimmm'cmmin«««'««« « « 
oaooiooaocjcjooaooaooo 
n wr^coirs wo c>rvi«:Moo^rv no« om 
o njviiovHov-iu^^ciovnnvin^ « CJ 
w «NJKI KMnniwmwMwivnio onwan 

♦ 
0 
CJ 
« 

(/> 
UI 
Ifl 
to 
UI 0 
tr _» »- 1* 
to 

10 
_i n 

o 00 o a 
« m-o t-- «> 
«4 «4%4F«I ■mt 

tr 
LL' 
u. 

0 
:3 0 
t> 0 
or • 
0 

a 1 

U.1 
oa X 

I i 

m «^mmm^^ifimmm« « ««« rsi« 
n ^tzi-t ^m'^r>TJiJr3r>-3T3l-3-jT 
♦   ♦♦   ♦♦♦♦   «4444+«   ♦♦♦   +   ♦ 
« OK» immonmr^« »ow» nj«» -on 
w«r~- wnniKr^i^« nnMm« r*^ n C\J 
fwom »^w^nowpgifw^ryi« «n^-tntvi 

11 •   1   1   1 1  1 1 

O  0 0 0,30 O O o  ■.-> 'J 0_)    3 Oo 'J ÖL' 
«    •»♦    ♦♦♦♦    ♦♦♦    ♦♦♦♦    ♦♦-»    ■»    ♦ 
-1 tr\ r-t .O O« -it r^   N<M« Cv   fM(\ «  r-   (\| 
n « «v r*o m n fv »^ «MI « »<« « wo. m ^ « 
>o (Min *r n wfv «Mr- «4 Hrtfv  wn wi^i w« 

« ««• «^««« ■*mmimm« « ««■• «•« 
o 000000 tr-o 0000 0000 00 
4    ♦♦   ♦(♦♦♦♦♦   ♦I + +4-+    ♦♦♦    ♦   ♦ 
P1 »ocriPcrp i^M r> «t .r rv r, Of^ IT 
•o -o oc «j -o «) « * «• mio-om « m« w 
^ •«r.«'ir«v«\.»^<»4»<no  »-»ivfi.«v 

•1   n ■   B ■ n r 
(V 

i'r 

iv 00 
fV.«V' 

o 
in ■ 

3 Tiviwtw4 wtvilwilwl'wi 

« « « m « m m 
000000000 
♦ +++♦♦♦•» + 
n «r o o P' CP .« n pr 

K\ « « m w pjlm n « 
»H •r» IT  <   »   Wl^t W^ 

II   P |.   p 

00000 Ol OOO 
O O O o O O'O o o 

UI 
00000000 
1-1 wn * m* iv « 

4-75 

LOCKHEED   MISSILES &   SPACE   COMPANY 



anoooanoocDCJoio ooar» oo 
♦ ♦♦♦♦♦♦♦♦♦♦♦■♦♦♦♦♦   ♦♦ 
ON f^  Ofl  »-«ir»  *»l^ «(M0«O'0CIK\l»\ (M« 

^J 
LMSC-1)2445 89 

• i i 

T» O C3 J O O C1 Ü    -> C^ O O OIO   O L> uO   LJtJ 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦-»♦♦♦♦♦♦ 

•» » ifto^ (M o oiin «■«•<>• r«-olM *» »<M r^D 
(M rj ri« CM ^i<t r> «-t^iri nrviK o v mn inirv 

i  • 

^ ^ if» « if» in inifi mxiiniriinwif»««««« 
O O »-',' »-> o o o c o o CJ o t> CJ c^ o tj o < JC* 

♦ -»■f-f+4-f.f    ♦♦♦+♦+*♦♦♦♦♦ 

•-I ««<>«oifiiinnoa«r~«  .-i««« »IWB 

CM N T< r-l -ifM .-t(M C-fViM <-< t-llf»   .-ilfV (M.H fMrJ 

- rr r r -   - 
ri »»♦♦♦♦ imJv^iAiftin'Win*'»-*«1* 
a aaaoooooooooaooaoop 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦* 
o ri«NoccpOiw>C(M(M&r^tc   ^nx^^jM 
A n«o oo o Hrv «m w «I « (M w »H^rv in ■« 
^ »«'»»«nrHlMMtMWwm   .-««J.-KMlOtn 

I I I I   III   I II 

ri |if\ « « « ♦ «i« lAmif» miow IT» in « « «'« 
o ooaoacJooooooooooo op 
♦ [♦♦♦♦♦♦I*  ♦♦♦♦♦►  *♦♦♦♦» 
o M N»*» «■-o o » wm « w» o ^ Mvn > o 
in rt^mo-^Mw Oo o> riuAiomrtinin«^ 
»< i^l* lA»  ^KM«   T<^I ^1 (\« »<|tM  »< ^»fv   x> o 

I   * I    I I I   I ll 

o 
o 

rf in in in in « i^| in m m m in m TM in in •««•« ♦ 

♦ ♦♦♦♦♦♦;♦♦♦•♦■♦♦!«•♦♦♦♦♦•♦ 
- ^ « o o- ♦ co m ^«c «intof^ fMomon 

(M *c.ji^rjwlo>»ifvN»iri*^ r*>   ^iin 
W (M 10 (M (M IT »| TH •-• (M nj tM •HO'   w.-iin^<oS 

" , '         '     11 '                 *      I   I I I   I  I 

o 

in in m m m •«!•• mmm nur« in m«« tr* 
oooooaooooooioooooap 
*******   * * *  * * \*  *  * * *  * i* 
»  (M»  (MO^iO   IOOCM »  O •-» OI^OIO (0|K) 
(\iM»o>iMo>itf\o>r1r)in ori n ^iinn o m 
rvj M w TH ^Hirto -^HM CM ni w*» •r-t-H ■♦ in o kn 

iii   it 

Cl 

in; ♦ ■« m in in ■•■ 
OI o o o o o o ******* 
C » (V! c« r ^ <r 
(VJI >» N   CM CM (M «0 
.-•iinr »Hicvi«»- « 

o o o 
•f ♦ + 
p «! n 
in rv r> 
n. iv. w 

Hi 
to 
U3 

ilO 

vT 

-I rJT 3 3 0(1   -J-D-jT-jTTT^nTir« 
♦   ;♦ ♦♦♦♦♦]♦ ♦♦♦♦♦♦♦♦♦♦ ♦>♦ 
o    m Hm & •Hoim m« <r •omMi a ** *** r*\t 
LD    C mr^ « Ki tj o <o« o -oo« r^ m eo <o co ^IIM 
<:      »«K »<inKi(io IO^ c ec •-•p'   .4« « •< »-tk> 

r i) 

oooooooiooa 
OiOO oooc|o oo 

o o o ci c> o olo o o 
o o w CM r^i * inior>B 

<r 
'J 

a: 
Lll 
cc 

8 

•  i i i 

CD liriniAnKi^^^t^ifiinif.kninCM«^^^ 
o jo o o o o alo oo o o o[o o O C! o op 
♦      ♦♦♦♦♦♦♦   ♦♦♦   ♦♦»   ♦   * * *   «• 

•-.^j^tcrvr^i^Ott      toirlc       incoCNJcvi-' 
CM«   ♦   OCMMO-    C^C   ^■rt<;«C    WTHK\OK>; 
CM   <-< Hco   WO|«0   «>0>   »H  T* ^<|»H  iH <0 «O   O I 

w m ■» 
O DO 
♦ ♦   ♦ 
O f^ K< 
IO .-IO 

nininin^rinknmintn ■» 
nooocinooooo 
♦ ♦ + ♦♦+♦♦ + ♦♦ 
»in«Kin»n>»-c»rr- 
rfOI^OTH1«   OOOM» 
w v4 «-«v-i cc cv inj CM »-• nr «r 

in;« 
op 
♦ !♦ 

1» lr» 
ola 

n » •>  r 

o o 

o o o o o oo oo o oo o o o oo o 
ooaooalooooaoloooooo 

■a, i i»  
»—     o o cj CJ oo ooaooicaoaooo 
mi    w nm «■ m 'o i^o) o- OT^rMn«inoi^- 
T l««VI M »< '•« »H »< »If 

oo 
oo 

poooooooooooiooo 
□ oooooioooo ooo o o 

o ID D oo 
^i MM «in 

oootoooo or|o o o 
or>ia>o>o>H(Miii«ino 

4-76 

LOCKHEED  MISSILES  &  SPACE COMPANY 



-^r 
^ 

O OO O O n o CJ o r j n c? r i o *--> C> rj cj CJ 
♦♦♦♦♦♦+♦+   ♦♦♦    ♦+♦♦♦+♦ 
^   WV O f>4 IM »^ (NJ *   "•"  Wi«   ^ fv »   »n ♦ ^  ,-* 

LMSC-D244589 

• i • i i 

c»   ^LJ  .-> '-J L> ij _j'0 o :"^  _> o _,*^-J ^ ( J o —» 
♦   ♦♦♦♦♦♦♦♦♦++    ♦♦♦♦♦♦♦ 
^■«»rMor- J^K\(\J(VJCJI^'«  <, ^#^ (M «rv w 
« »o» m » « tM»r>  ^ ^i-e  o ,H tr (\j inM« 
r-iK>^«c>a  «^OJ^rviir  or^Jl'*^'^>'/^rM,» 

■  •   • I   r  > 

t-> O OO CO  C t O LI O C> tj O f-"> ci CJ o o o f^1 

♦      ♦♦♦♦♦■♦♦♦♦   ♦♦•♦   ♦♦♦♦  ♦+•♦ 

t i III! 

O O  OO  OOOOOOOOOOO^CJOOCD 
♦ ♦♦♦♦+♦♦ + +♦+♦♦♦♦•»•+♦■•■ 
o K> ocu «c ir\ »o -x at o K% ^\ rj c» .^^  -c :> rv *i 
to ^rM'»rHin'OC\ii/>otci«too (\it> o *■ m ^ 

i   i • i i   i   • 

o a oo DO ooooooooooaooo 
♦ ♦♦-»+♦♦♦♦♦♦♦♦    ♦++   +   ♦ + •»■ 
O O  T\-«  ■£   *\-^    .l>>N    O O-   «    MVIO     i-l«-r-|l> 

-H t^   (Nil«   ^4 rH   *H *H Hh*    ^'f^'MlAr^OtO   Om*-* 

I I I I  I  I 

o 

3 r^iz) o o o   ; rxo ^i r> r. UJ c*.)-"^ '"* *-> .3 cr. 
+++*+♦♦♦*+♦♦    ♦♦♦♦♦♦♦ 

I I    i I I I  I 

o ao aoooaooaoocjoooocs 
4   «  «   «   «    •»    ♦ •* ■»    ♦♦«     ♦♦■»    «    ■♦♦■♦ 
^-i ojt> o K> <\i oir if\ *H<0'0 r^-o^ }f\Ty**¥\ 

v toin T-i ^H ^« *-* * i w win K> oiccl—< wo»m OJ 

i i 

K>^^inin*nkr. inu\-««^i  * *t *r\ s\ ■%■ •* r*i 

♦ +♦♦♦  ♦  ♦ + ■♦   ♦♦+   ♦+♦  ♦   ■» + ♦ 
•H ä v * r^ ^- T-i rvc r-)r* o o»r^ w K» acx*- f^v 
<>ivv »no »^ »i,ir>cvwin oo^iooo»^ ^ 
v rviin •H«^»-»w^i*H<^^r< <\jir w*Hr^* *-* 

i i*  I    i    i   i   i 

3 

o 

L 

♦ 

r- 
K1 

Ul • 
UJ 
cr 
oo 
u. 

•» ■« tr 
C' c. ►- 
+ + tn 
r ■" n 
r-r- or o 
1" (V ^ r^ 

• UJ 
i 

a 
X X 
•— 

o o u. 
o o 
■  » ar 

U' Cl U.' 
rv co 2 

rv u if i/, in u. u. u.»/ if.-^ * ^-«iriin ^i*» »n 
rj Z'O o c> o .-i r. :i -.i \j o u Lj ■■-■ ~J ■ .^ * ■ ^ 
♦  ■#-»♦♦«♦♦*♦♦♦    ♦♦*■•♦♦♦ 
T  CNJ     K1   -t C'v4 \f •.**■  ifi r-JMD  <"' rno r>  r- r-* to 

to wcsjnj04nj«HWHw<cin ^^ »-iwic-^in 

i i    i    i  i   i 

naininininminin-^^r^inin-^-in^T^t »H 

♦+♦♦♦♦+♦+♦♦+    ♦♦+♦♦♦♦ + 
ir^c* h- WT-fr^tr wr» wp,K%r,fv'^'rK^«f n 
o rv « ic » ^ in w^ r» ♦ w o»   -•« nj f, nj c 
rv'wn •-'•-•»-' w WIT n1 r^  «-' wc   »-"*   ♦ ^ * i^ 

o o c» C1 c- o o o r* o o *"> o o o o o " ^^ 
♦ + ♦♦♦ + ♦♦+♦+♦♦ + ♦♦■»•   ♦ + 

mfnci<i-«»oi»io(Mwwo>wrvin-*>   ow 

r r r   r i. »■ |! ir I' I' !•■ r 

IT 
in 

UJ 
T 

ooooo C3 oooo oaao'Ooooo 
ooaoooooooooooooooo 

■a.     ..•••-■•       ■   •    a       •••>••• 
r-       ocjcjoDOcjcJooooDCJCiooe* 
uj     wm tn * m >OMO o o w MM"« in <orv «> 

O O O O O O O O o o o o o o o o t>  oo 
ooooooooooooooooo oo 

<.--••■•-•..,....•     •• 
»- OODOClOOOC'ClOOOOtJtJ   oo 
UJ     «Hnjm^in^or^QQkOwnjrn^-in^orvco 
3 WWWwIWWM      TlW 3 

O 

4-77 

LOCKHEED   MISSILES  8c   SPACE   COMPANY 



"S 
^ 

LMSC-D244589 

♦ 
ooooaooooooociooocjoo 
♦ ♦♦♦♦♦■♦♦   •»♦♦   4   ♦♦♦♦   ♦I* ♦ 
»■00**"10«r~oof~.   CD M O» 30   »I«   o 

ill I   I    I     I   I   I    I     I  I   I 

C    CJ O O O» _*  ."D Cj O CJ CJi w   —  Ci CJ ^J   '^4 C» O 
♦ ♦♦♦♦♦♦♦♦♦♦♦     ♦♦♦♦     ♦■♦♦ 
>nr~ M«I.J«> _>ift   )<j OJ w <M wui wia« w 

■   • i  i   i    >  •  i   ■    i ■   t 
1 

o o o o u o o o tn o a o t-i o <_> o IJ c> o 
♦   ♦♦♦♦♦♦«    ♦♦♦♦    ♦♦♦♦    4«« 
«oiAiArMr^r^- -OIA «Of^ o ^ i^in^ r_' x( «o *-• 

i 61 (\jir\ 
t-l^   »Ht-l*-l»-l»Htf^»H^ l^ilfX   O O -O ><> 

I I     I I     I I    I     I 

>-i N (\J M t\j <\J rvi 
o c o o o o n 
* I    I   I    I    i    I 
O CM   S «   O n   r-| 
r^ * tf\ «-r o- oc o 
(M ^1 .HOJ *-i ,-l(M 

M Ca(M l^ (^ r^ 

in  K% »A  C\i (\J ij 

in i^ v* o T-i o> 

(M (\i (\J m nj fM 
o c» o c.» a Cj 
■    ■   t   i   i   i 
(M oc (V ^iiA 
IT  Ifv »^ M ^ « 
in * <M ^ ^ f\i 

i   i 

0000000:300 Oiooooa ooo 
♦ ♦  + ♦ + ♦♦♦+♦♦♦   ♦♦ + +   ♦+♦ 
♦ K»fvj'r(M»(\Jr<r~ K%r^ o.  «oo»-ii/lr-r^ 

• lit    ii i  i   i 

I\i (M 1M :>J t\J -t 
0 o o o o o 
1 I   I   I I   I 

r^   o« »v to C\J 
to  uoi K ^m 
^i M ^i ^ w rvi 

ri Ki«,niniAinin<r«««i<»inmiAx»i/V»M 
c> ooooaaooaooioaciooMOO 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦   ♦>.♦>   «14* 
o o^'M«"^*»»*^ •-ino'^.n -OäIO^ OI*^ > 
in »-iK>xFO^»-irjmr^^ »HIO»  »O in in CM q^ in 
r< r^oHtvitM1 oj«-«n .-ir» «.«  ^ r^ ^ ^i i-^in .-« 

i i >   i rr 

»-t r> n r« rvi (M lO 
o o ooo o o « t 1   1   1 1   1 !-> r» ^yn> >   3> 
iTi w i-tX-  o »   IC 
»H r>- > ^ on ^ir^ 

rH m^inininintn^^^-^inininminiTi^oi 
w "• o v1 CJ .->' o r^ CJ  O .j vJ: ,3 O Lj ^ o  r3 C' o 
+ ♦ + ♦+♦♦♦+•••♦♦♦♦+♦♦   + ♦ + 
ZJ ^«^c^-r^ntnN'Orvr^v r^raee ^-looi «HIC 

Ovi JC>in3>>V'r,^'Ht^CM'»-:^rOLO(Mrgi^ 
rt in«iHTHOi{Mi-i«o(Vin»o»H»Hr>jf\i»H Hr- M 

I i   i   i    i   i   i   i    ■  i   i 

(\J  (\J (\1 (M (SJ (\J 

«    •»  «  IO     T  »H 
^-   :> -O  >  ^   r-t 
<o in * ro n m 

roiniTiiPinininin ^r^ K>in in in m in in ^ IM 
ooaoaooaooaooaoo ooo 
♦ -»♦«♦♦■»*+♦♦♦   ♦♦■»■»   ««« 
oo.-Kjt^r^vo'O-^r^o»   oaoinNwin 
rvoaati^ecn-or^mcvvinmr^   m««-» 

i   i i  • 

f0^inmi^ininvn«^»^»in inu^ in »n tf>v IM 
-»-* -» TTI-T -j -»'• "»■i^ir»'">~-»-» n "3 "^ 
♦ ♦♦♦+♦♦♦♦♦+♦   ♦♦♦♦   ♦♦» 

COinaCJlDC»« ri-O ^ in m (M « »Ho« 
too T4.-iMf>o^i.-io-TrM^< fVfvfvj,j »4* w 

o 
o 
o 

» 

O ri   r>  **   -rl ^ t^ 
O O   CJ O O L.1  (J 
* I       I     i      I |     | 
O -^ f» tH fO T-t O 
c r^  -o u^ m c) c > 
o t-i w *-i ^< t-i pv. 

n    '">   T     1      T     T 
I        I      I       I       I       » 
•^ i > v r^ «r  v 
to Ki ^ee in ^i 
(V   rvj (V   •-■•   ,-4   »-« 

I I  I I I I 

Ki J if, uiu, u^ a  if. ifi ^ « in UN IT if* if. if i« «- 
■  i ( ' o '"i rj ."-» o _, -_, L, ^j ( , r, c* fj r^»  a C "■ 
♦ ♦ + ♦♦♦♦♦♦♦♦♦   ♦♦♦->   ♦♦♦ 
iC  t_     J  r'   C*"   •-   -T ? -w  P^l^    IU f> -^      ^Kll; 
«v   -i tv j »  r^ ri fv  ^i -, o ^  o «  ^i m   o o» 
WTH^w^nrvirvj^-i r-iK ry ^i .Ajfu r^i ri "-tin in 

i ■    i i i i   i 
or 

-        K (\ IV  (V C\ (V 

if. a t^  -»a  ri 
<C    it 'I   *  f" PO 

—i-r-^ifi^ininirv^to-^in ininm^» ^^t .. 
c* r* ri r r1 o o o o o n o C' o o o ooo 
♦ ♦♦♦♦ + ♦♦♦+♦+ ♦♦♦•♦ +♦♦ 

^■•TKri^pv^r-^r'^N wiTf**^ *rc*',f* 
inr- r» Ms ■oinrjoit«; n4 ■<>■« wo « CM r>j 
if<(TTn»-*»-*-^r-i\rfc>T-'*-»«-iv-'r:   <^»< 

KVCVlO «*I0 ^Kl lOtV »^ M IMiCU w w w w -« 
-j no ooo "ooo^oooooooo 
♦ + ♦♦♦+   •♦++ + ♦♦♦♦ +  ♦♦♦♦ 
* Tr'^in^ ^r* •^♦-»,<t'rin^- to irr^irir 
to « o ur-o ^to wm'-<'-irsy>'^ in«« ^i 
(v * a   ^"«ir  r^w^K ** & ^wr* «^»-iv i\ 

i  r r i    •■ r r 

o 

c. 

I I     I I      I      I 
o' '-' <■ ^, «r r- 
r^ in ix) ^ .o cj- 
o «> er ^ ir f 

aC3000O000Cj00OOOO   CJOO 
aoocoooooooocooo ooo 

<!.-.■»••••».•        ....        ... 
►-      c»cit>tic'C)rjioc'»cjoocTOC»tioo 
uj      wr^to^rin'Ors eoo» o .n njto •» in *Ofs « 
I »< »H   T4 W  rl rl   <H *< T4 

UJ 
I 

CJOOOOCJ QOOOOOCPCJOOOOO 
OOOOOO ooooocooaoooo 

t.' O O t) o   c>o Cl D O o  O Cl Cl  o CJ o o 
HNto^in »or^ «o ow niio « i/\io r^ a> 

u. 

? 
X 

O O CJ o  o o 
OOOOOO 

o c: o ci CJ 
»H (\i to * m 

4-78 

LOCKHEED  MISSILES fit  SPACE  COMPANY 



a o o o c o ao o o o o u 
i   i   i   i   i   i   i   i    I    i   i   i    i 
o « ^ o» »< T*«  » o (Mr~ » 

M r-<o> r^ ■» r»<\jrt ■« in tt «-ICM 

I i 

•-> c. -_> a _> o ->,D o o or-, en 
i   i   i   t   i    I   I   i    i    t   t   i    i 
J ■* s\<* n o *   ->i)(M<><> » 

**& f«» K tA * »O^   * r*   »HO   w* 

•   i    i   I   i    i 

O o O r 1 ci O el' D  o CJ r-j ti  .J 
I  I  I  I  I   I I I   I   I  ■  I   I 

i 

*» i^ 
O O O O -D   !-> OiO O C   CJ C>   o 
I     I     I     (     I      I     I     I I      I     t     I      I 

■O .-1 (\l « o «  >-< CVJ ^(  rt i^ c\J o 
•-I CNJ ^i:« rvj ^ »-*« i^ v ^ * « 

i   i ■   • 

o o o o a o aio o o o o cs 
i   i   i   i   i   i   I   i  

i   i   i   i   i   i   i 

3   -   D O -3 O O O   _I O    J   J r k 
I    I     I     I     I     I    I    I     I     I     I     I      I 

T r^ rv ^- f>j »H fNi'W cc  'J m ^ f^- 

^rvace •-i^(T-ioTHir\i^,-i«Hrf 

i   i   i'  i   i 

OCJOCJCJ CJOO oaoo a 
i   i   i   i   i   i  i   i   i   I   ■•   I 

•» r^jf- N rg '-•c- ro o oo w -n w 

o 
o 
o 

^ 

LMSC-D244589 
H <\J (\j fvJ r\ fi <\i ri'»J ru ry oj »\i ri ^ 
Cl o O OO   a C3 C3 a O OO CDO r-T 
♦ l I      I     I      I      I     I     I      I     I     I     I     I     I      I 

M ry^«'<*'Oi.H«-«>-«^irt^« .-tin « 

I   I   I   I    I   I   I   I   I  I   I   I   I    I 
« o . -■ «oaioot^o •-«»- <« m « 
lf\ a. IA f^  Oj -O  C> LT» O * K^   »-* C") o 

mmrvj(\j(M(MOiM(M(vif>JKM^K\ 
nooo oooooooooo 
I   I   I   i   ••   ■   I   i   I   I   ■   I   I 

ir ^«>  wr^ « ^ • m« in r< t^ o 

rfl MWNiMryiMOiojtMrn^jrM'n-o 
CH oooooiooooooaoo 
♦ i    i   i   i   i   i   i    i   i   i   i   i   i    i 

=0 ai»o.-»-ocvirv»Hr>v«m o«> ^i 
.Hi ♦*i!MrvJWri»<(M»<rfWrtr»,-vj 

rl f\J CM C» <V (VilCM (V> N IM CMCM f\jr« IO 
c« o o oo ao a aooo oo o 
«I i   II   ■   ili>   i   i  i   i   i   »    i 
at ■v  r<i^ > «i« > r» Oiioha o "^ 
*v 0««Kim,OO*n{M«l«rtO 
rt ^•O'»O<T-«^»-«.H<M04,-li,H»<rM 

rgtMfMCMCMII^CM^CMfMfMCJKllO 
J  D  O O   CIJO .-» O c j O O  CJ O   _J 
I   I   I   I   I   I   i   I   I   I   I   I   I    I 

»   «IM«)   ^(0'0«^«fM>oa»f^ 
nfifiiMr-H'O'-iro.-irgCM ^IO tvi 

MrM<M«M»M«MM«M(OtM«MfMinr^ 
oooa aaoooooooa 
iiiiiitiiiiiii 

■« to ti M <> o» a oo. ^o m ■« 
« «r fv (Mcj»<CM«,oivinn»H* 
r.o<o«in«i^'<'or«(\J win w 

i 

»   "I     7   ~> -j   O    T-» ? 'I   "> -*   ~» 
I     •     I      I     >      I     I     I I      I     I     I      I 

W   V V  f»- v f^ C   (M fV. O'  <    r* Tl 

<■. fv OJ »^ rv, T+r^ v K' o r^ < r^ 

i    I   i    ■   ■ 

WWrtrf^l<M<M(MKl(^(\JrT» « 
-1-1 -J-» TT "> "ITDT J-l-3 
I      I     I      I      I     I     I      I     I    I     I     I     t      I 
«a-aitowo ci(j.ccJ3(\Jirvrvj 
inif. in » M* r» o>o,H«fvfMcD 
w ^H *^ ^* •"•<> in to CM «^ wr^ w Ki 

i   i i   i 

(^ r* (\ r*. i\ rt r * r ■* n ■* « 
^   LJ   ..J '-■ c.   -   CvU      "J O  ■-» Ci t_ 
I  I  I  • I   I I  I I   I •  I I 
r1, r-, L,-\ C--        V  ^, c.    -i L'» iC 
iTVK-^^-O^,    ^ r-4 O  a.   If ^H 
CM i\. (\j TH rt r^ r^u'. rt o rvj» o 

tr 

f\.rvi<v (\,«v»'\fvi\ic\.jvfv.fv-(vr- 
c> i* r.» o CJI o c "i T o o c o r 3 
itiiiittitiitt 
- iaj (>   10   (Nl.m -U  ^ O Ki ifl ^   —1 iTV 
« ^II-. »  ^<^«^ir\ir, ^•«■w  rt 
fMK\K"«   W^ICC   W<M(\JfMrtrtrtK> 

i I I     I    I     I     I     I I 

rt ^i (v rt rt fM (vn t^ K\ Ki CM rM 
r —i - r1 7 r^ o c r- o ^ ^ c 
I   I   I   I   l    I   I   I    I    I   I   I    I 

fr'iTrHrt^r^r'f» j^^K'ir 
re ui ic rw cit« r*) cv *-i c. ci . • 
Cf^ir^wOflfff  oa   »* ^ 

I   I   I    I   I   I   I   i   I   I   I   i   I   I   t   I   I   I   I 

^ so in f i * r. o ^3 to o NO v> i .*» o tj x r^ <o 
T-^-K   tf   K t\   rtr^'Cl^lTC   ^CVfVf^<rtCV. 

I   I r ii i- r r •■ i   P 

o 

o 

CT C") Ci D   ^030000000 
i    i   I    i    §   r   I    I   i   i   i   i   i    i 

ir m r « r-. CM w < »i ^ »< ^n^  ^t 

n u i' ii P  v 

ir 

OOOOOOOIJOOCJOO 
OOOOoOODCOOOCD 

c: Cl CJ CJ CJ  O CI CJ  CJ C1 O CJ CJ 

oaocooooocQoooaooccj 
ODOOCCOOOOCJOOOOOOOO 

OC1   CJCJCJCJCiC'OÜCJOOOC'OOCJ 
wfMmvin «r^«o Ort(Mfi«in-OKco 

or 
UJ 

3 
O 

oooo oooaoooooo 
oooo ooooaooooo 

<-•••  
K        CJ  CJ Cl    C> CJ O  Cl O CJ CJ O CJ CJ 
UJ     WCM M « m « i^-coo a ,H(M in 
T 'Wl«4rl «4 

4-79 

LOCKHEED   MISSILES  Bt   SPACE   COMPANY 



^r ^ 

LMSC-D244589 

Ki m Ki n ry 
c»ooo o 
I  I   I   I   I 

CO O »O «H f^ 
C\j 1/1   rH O   <C 

•»       I    I    I    I   i II  

W       K1fVfMW(vWfy.-tT-l(V«<NIW<Mr>J^«'-l'^ 

I 

O U O O   tj 
I I   I   I   I 
«  w4<« M    3 
in « (vtia ,n 
<t,«»\ t^ r< » 

•« 10 n K> 10 
o o o o c 
i   I   ■   I I 

•♦ r^ r~ « o> 
O Wlf» »< o 
^ 'i ixi r* i£\ 

I   I   I   i I 

w     w ^-H ^I(\JKMO r^pg wio r» oj M nitvi n rsirg 
O   O I 

I   I   I ♦     I   I   I   I   I   I I  I   I  I  I 

*•" 0«>K\^^tH*0(Mr^OfHrvJ**HOV^rW 

I   I   • i   ■ 

ci i-. o n r.i o t  cioi'ooc o oo o oo 
t      I      I      •    •     I     I    I    I      I     I     I     • •    •    •        ■    ■    9 

in *> CM ä t> ^ rv ^ * f.- ^ f*» in »H c.. ._• rv rv cc 
c i^ (M in ;r x c d» t^mocx »4 »<M m on 
m fM fM »Hl~ N -H tHO>  NO ^« rg MO"   irt oo« 

i 

•1*1 (M [M ro 
O O D O O 
I   I   I   I I 

■a o» in « 
OJ -O   O O Ä 
C\| •<)   t-l »H fv 

I I  •  I I 

0 oo o o 
1 I   i   I   I 
WINS O ♦ 
no .HCVJ » 
KM^ .or-.« 

i   i i 

n r^KMO K» 

I ' I     I     I      I 
i^noc -o m 
«p> n ▼ « 
K>«n « fi .-i 

i   i   i   i   i 

« « l»l Kl Kl 
O C3 O O O 
■   i    i    I     I 

in in <v»r- » 
«im m o iv 
«r^ CM« in 

i   i 

Kim mru OJ 
-» -i 5 3 r» 
I   I   ■   I   i 

.n •» »-HA rv 
niPJ "3 ^ ro 
(Nj 4)   v* vl   W 

K\ f\ cv n. n. 
rj 3 3 3^ 
I    I     ■    •     I 

r- n 'J K1 co 
»^ in c • => o 
r^ WCM ,\J ru 

♦ 
o 
in 

3 

nj ni CM CM CM 
o o o o o 

1   1    1    1    1 
K\ ^ << iT er 
-oc ^n m in 
w r. K-»" K 

r 
K 

CM CM r^ CM CMIfg m CM CM CM CM 

t   i   i    >   •   I   i   i   i    • 

WCTKIMWin'O'^  C^ 
<-. m w K r. |w <•»<•-' »H «-il 

in 
T 

«3 1 r; 
cr '' 
»-; * 
10 ,_ 
_II K\ 

IMKI « Kl Kv KljCMW 
o c"i o o c o c o 
i i i i i • i I 
n ♦ •• * t^ ^Inp 
w« Kl CMr» «i« o 
r- »>. o « m <| WM 

o o o o o 
o o o o o 

O tj O tD C) 
« in o r^ CD 

■ n «   r. 

(3 o o CJ o o a c o o o 
O O O O Oio o o c o o 

r ■> ti n ti v 

i aic o o oo o aoo 
oooooaao 

ui 
o o D aio OOOOD'OOOOOCJIOO 
^icMKi«in«r-ooo' ar<CMn«-in>oirv« 

Cf 

tt 

o 

a 
a 

UJ 

WW^l^l,-MK\K>KirMWl0O'»CMM1 ^ It *) 
Oa^)OriCiOOO3l30CjOCjOCJL_>!3 

I   i   1   i   I   I  I  I  I   I  i ' 1 
foin'din*HO«f'irK\^vv">Kv<<;« tfvmin 
Wi>.<Mort»ir^i-iCMrviv(MiX)c>ct>o- r»«« 
•1CMrMrtX!--'0««-l'M»   «H^   •"' »</> iH «1 H 

I    •   I   I   I   I       lilt 

»HW"-l^ltMtV«<MCM[MCMK\nCMr%JK>   lOKIIO 
ooaoaoooooooocooooo 
i    i    i    i   i   i   i   I   i    till    '   i   •     '   '   ' 
>OM  Mrv« IMCMCM^ -ooo« inoM ntMT 
»Hbt-nooinin^i^KmiofOirir».   cjo^n 
KI.CM   .M   WO<M|v   WCMKlWCMin   rl rtKl   Hl (M K\ 

I    I    I I   I I    I   I   I I I  I 

>-l»H.H.-l.-ICMCMCMCMCVIC\IKir'1CM CMK> Kl K1 K\ 

i'  i    I   i   I   i   i   i   I   i   I   i   i   I  i   ■ iii 
^o-H^ttwintcinr^inrMCM   ■> CMO J n ■« 

rr\      « JO wo « win <j ^ w w ruKv- ^i «n-^v 
K»IO   CM  T-f t-t •>r  WCMKlKIWWin   WWCM «■<»« 

I I I   I I I I 

ri\n «-i w^iiMniCMCMivjniKiKiKiriKi Kim-r 
oo oooooooaoooooo oan 
■ ■ • i ■ i • i i till ill 'I • 
K>r^ f- wwoowaCMince-o-«»'» o<cr^ 
niomc-,n«t«i^ ««(M»»«n<-CM CMOI^ 
f\r\ rg tvwr- «K\ry i^wiv««^ ■ri'Vinin 

i  i   i i i  i 

Wiw   WWWrCCMCMCMfiJCMKlinT'iri ■WKIK» 
->->->T-|->->    I"»     »   "I   -t ~-   -1   ~t   1 11.' 
I   I   I   I  I  I  I I  I   i  I  i  I   • I  • ■ • > 
tr f>   J   03>K1KIO>  w*!-   wa  >>iC>' r>c>i.i 
«.<>  wrv.njminmo ininiowwcMK» roma 
CMIIM   0g   WWCClTK'K'IOCMO'tf"    «lA»"1 WW« 

I I     I    I I    I    I 

w :w w (\ rv c n (v f.; (\i IM CM i" f. IM«! •• « « 
ojo ■_   ■' (_. 30 JV   -  i-j au - OCJ   ^'' '-' 

r- f if in-» ^ r - 'i r-, r -^ ^L' ^', 

« in. -■ wf' v<;i^irr"ir*wir. cvir «"irr 
ww  wo^j^rorir-iKiCMwus  nn -i t^ •x. n 

i i I    I    i   i t   i   t 

•»«•i^KinnKM'ir-ir'W'wo'Oin-o  to in 
n! o ooci^r-T'CCDOC o c- er. c - (\ 

ii    i   i   i   i   i   i   i   i   i   i   '    '  '   '     ' 1  ' 
n f»  KI^L^ w^^r^  w« « r'K'irr'^ir«-* 
j (M      r nj e win w r^ « in r- « i_o   CMKICM 

rv«V   WOK^lflfK   w*   ^a   ««  "-»c   ^ »^ ^ 

oo ooooooooooooooooo 
O O O o o c c o o o o o o o o o o o o 

t_ CiLCJClCICOOOOCJOOCjOOOCJ I- 
lu     w fMro-win«!-« o o wnim^in "Oi^io ui 
I WWW WWW 'WWW I 

4-80 

LOCKHEED   MISSILES &  SPACE  COMPANY 



•v 
'fl 

LMSC-D244589 

I 

! O 
♦ 
o 

CM 

o c>cioooor5Cjcioooo0r>ar>rj 
t    i   i   i   i   i   i    i   i i i   i   i    i   i   i   i    i   r   i 

o 
o 

ro »o (\j 

O .' . L j   ._> oj O U J O  i> W O C    O'   _• 
t   I    I    I   i   i;i    lit 

««OiO'-'Oir» »rao» ri«lj\r^ or». 

»it 

r<        ^•H»<rffy(MtM(\JMMfVI<,JKlM njio M i»i ci 

• « 

o oc: 
i    t   ■ 
4>   O   v-J 

OOOOOCTCOOOoL^OOOf-l 
I   •  I   I   •  I   I  I   I   I I I   I   ■ I  I 

IO 1^ aoo r^ ( 

W «  (VJ   -rH  (Ml 
^ WH IO IT »"♦(> 4r cc r- r^ 
«M .Hi'» w^i^rornr^ 

rf r<  »< »< rt (M (\J IM rx CM (M N (M f» IM ^ « «« -o 
a o  o o o oo o o o ooaoocMoooo 
♦ 1    1   1 i   i   i   i    i   i II   i    i   i   i ii    ill 
n so r^rVm Or<r^ «ai r^ (M oo o» "Ojin d^m. ivi 

fOtHI^O*   wQo   If»«   .-1 «i «   0»,fv « ao O if» IT 
^i ■^>n(Mlrf>rvj.-irvji «rsirttM^IP^lMWor^ 

i    i  11 •   it 
i 

. i •   ;. 

»t ^ ^w »< rtCJ « CM CM (M fVi IT «   w K» IO m m r» 
o a oci O OO O OC] OO o o 
♦ i    I   I 1   1   1   1   1   1 lit    ill 1   1 I 1 
o rO' » /»rM M ^ "i *»>>   ^O M^ »  f>-n o 
in ■»   Oif r^ o« (M IT» <> m o » <\i r-, ^ rv; «KI o 
»H i»i «en rl •-•« 41   •-< fM PI rH »  .M ^o (M « « f^ 

^t 

i    i   i 1     1    1    1 

^ WfM (M M f\ 

<  1  1 j 1   III 
1 

tvirvjmi^rjHfnriryr» 
+ 

r> o o o ri o 3 -T -> T  i.   j|o '_   .--   _' 

«•c^lxi^^mi^'» * o o r^ if» *i>o «■ THI^ 
(M ^CMo»^»»«^ «  «H»f»f»<riArOfNJaO  ^■ 
TH in I^CJ w ri« w ^i H oj CJ »• rvi ^o n "C-O « 

I I I  I   II 

o 
o 
♦ 
o 

a  oaoooooacjooooaaooo 
■   IIIIIIIIIIIIIII   lit 
o (Move r^(Mcc rn^ir^ o^r^m^'tMOco« 
ir»f»«"i^ofM*r*,f»i<^ cir»r,clw«C40 
K»K»(Vil(V »HlXllA (VOifvJr-IOin  T-t *-4vt   Lf»r^  «o 

ri r<»<^i ^cMfMCMKtniartmoanm ^KIK» 
T    ~>-3|:5T:*-3T'TI^>~<T~)-lT-|->T'> 
I    I   I   I   I  I   I   I   I   •   I   I   I  I  I   I    I  I   1 
n rioirjo.tNjrHwrf\if>(y «-Wo-* r-jrOAiir 
n o«io K»^rif»r^ KiK»»or^^t^(Os (^c-t© oj 
KirutMi^^oincM^-c^i^o «-««rvxw« 

i   >   i i   i   i i  •   ■ 

c: ofDi o r»o o o c_i c.» o do ii» atnc) o o 
•    IIIIIIIIJIIIIIII    ill 

«  vrv<  ^i^rir. ooKiOJ^r^ifo'rv  *irr^ 
W'-'-HIO^ -o^ K"ifv '-I'HTH.-IWO t-i(\jinai fM 

i i   i    i    i   i ill    i    lit 

,-(,-,,-i.H(\,[\inrvif\jrMi'»r'»(Ni(MfMf»K»(v <M 
r1 c o o -> C' o c^ c" r- r1 D r.' r c c o r r. 
i i i I i i i i i i i i I i i i i i i 

(v »-i^«*-:» r'WT-^^»r^tvt^^^'C»■^,^■r'rv, rf* 
r-exKi «if» fvlrt'» X»Oif\r~-«-« <Mi' T-iMr-~ 

I   I'   1.   I'  r    I   u   l-   R  l;  V. 

UJ 
^■»roKii^riKir^raKiv^^^iio^xi^ufi      ^        w^H'rH^it\J(\)Ki(v4 

i    i   i    i    i   i    i    i    i    i   i    i    i   i   t   i    iii 

r     f»J o » (.    Wo -^1 in .Hlr^ -fl If» f^ a-  '-'O»  CvJ Kl <M 
r-   iv ^. «v r\» if' i f' »^ < «-IO » »<»r r^ •- r 

i   i   i   i   i   i    i   i 
lf^n^ll»»<'^ r-> j» 
K> w « ic r» it m x 
l^^^^wo■K»•«^ 

r r r  i-  ii  i 

oonon ooooooooooooo a 
ococ. oooooaooocooooo 

O C1 CJ CJ   O C1 CJ  O CJ O  C1 O CJ C' C> Cl O   C) 
r-i(\iKi^iir»<ir^'0OO-H(Mi'»*if»>or^«0 

nr 
Ul 

3 
O 

ooooooooaoooooooao 
ao o oooo ooo ooooooo o 

oCl Cl C)D C_i CJ  e- CJCl  OCi Cl <-> u o CJ c 
T-i(\jK»«riAOi^<nO'0^itMi^"«if» lOr^tc 

oooo OOCJO 
o o o o o o o o 

UJ 
I 

CT u i_' C" t_» ci r * 
wf\j K> ^ in « r^ 

4-81 

LOCKHEED   MISSILES  äe   SPACE  COMPANY 



"\ V 

*\ 

-1 

PJ 

a 

C' cr. tr r. c r> r» r< c -■ c 
i   i   i   i    i   i i i   i i   i 

■* r^ -o o m r.; m o tv o * 
1^ ^   f\' «-t <   •-• ^ ^ ^ »-»K, 

I- I' 

nr 
y- 

<• 
I 
f? 

cr 

LMSC-D244589 

o ar> oo oooao r»" o ooo ao o 
■    i   i    i   i    i   i   i   i   i   i ii     i   i   I    I   i 

in "i « or^r <-•« « n m a- l« ^.i^nomio« 
<> in» rj ■♦ o» »<inm row  w "-ini r4 v (M ro 
OJOO in«1tO(MK>(Mo f\j(»H «-«wfMio »n N 

cur. 
I I I 
•-fiar^ CM 

ru ■o 

lit 

(M(M »Hni or^ wn «4} 
-o <>  •-• •l w»v « n a (v 

i I    I I   I   I   I ll   I 
.■I -o c •» W »- (O ■• 
o » o au o x»M »O 

cc njro « «p in 

« IOIO (MOiloJrgininioin 
o or.oqijc-iOOoc 
■   II    i   i    •  i   i   i   i  i 
o *• K» o c) ^i^ <>j om ♦ 
om^iN-oiin^irfo^Ki 
Ki No -n ^( w r^(^ in (\j 

•  t    >■■■ 

o cMnn IO K>h « 
o o o o a(o o 

i    i  i   I   i   i   I   i 
i « CMo^ mp ■« 

Ki r> C\J co <c r-  w 

"  " 

o 
♦ 

to 

O  OO  OC^Oo000  oo 
i   ii    i   11 I i   l   l   <  i   i 
w m « « KII o» » m « « in 
•^ ow oi^ wo wMwin r> 

1 

O O O O   D D 
III      III 
or^ »• a is o 
ors o rs a)6> 
in rs i> 3 * Kl 

•o 
o 
1 

■                                                I I I  1   1  1 I 1 

^ * K»tV (M rn (M^J r« .M m m ^ fllOOi (M IO u m 
<J o o o oc Oo o c o oc > oo oo o □ o 
♦ 1 1 1  1 i   i 1   | i   i i  i 1  1   1   1   1 I i 
a •o » W« X» »lA T+« o-s n ♦ ^ in o^s » » 
in. V » o- rs m « w ■c c rvi or <C O»  (M W ^ wo 
w 

l 

o w (\i tni m K^ (M   Tt win ^ 
■   •    •    •  « 

1    1    1     1    1 

r 

i 

w 

1 

w •« cvirg ojrjnirn rvi osi (M <M« to rgwru (vi o m 
' o .. o o o ok- ^Oi-'O •_> b Cl 

XI rs fs PS »I 10(0 « is IO »ic (\ win m «o lOls 
(Ml r 1 0(M "•■O»    ♦« v-g H IS  tO - rs rviin fo '-■ ■s > 

• 
1 

wnj •    • mm • • 
m <r (\4 Wk- 

•   ■    • 
1 « TH w w w( 

I   1   I   1   1 

n • 
1 

ronininjiiMivjnNtvjrvjfn mnKMixjnitom 
o aoaoooooooloooaaaoo 

■   t i   i   i   ■   i   • i   •   i  i t •    IIIII 
rs mic wnj^wMwrntof- ooowio 
•-1 *i m C3v r^d- m »i^ o KM m wm w w 

•<r oojvm-ooomn r-an n w w w w 
wo « 
WO   (NJ 

o ro ro n« <MC>4 CMOJ <M (Mm ojk 

♦ I    s    I     t    I     I   i    I    I    i   i   k 
ii o wciMmifO(M<N,rJ'(\ii 
n o w* ore ro o« T « 
*i W  V  W IO ^i * 

I I   I   I   ■ 

inn nimio 
T o 5 T n 
IIIII 
wrs fs ^ rs 
« « (M(MO> 

^-em^rroiwiM« wwo 

o m 

i i 
» a. 
r» rs 
n w 

I 

m <M «\ 4M f-J w ,H "H W|>, |\, 
O C> Ll C I r)( - I,_, O (j o »D 
lllllllllll 

j*. T ic a. r\:ir>L^ *J K\     CNJ 
^    w<;(\*-l'-i^i-i*^r4|fj 
w w(Min<siw,-iw<-<xm 

IM #o IO (Mn* (M 
D O J ^ O O 
IIIII 

i/' ^ -o r-  CM 
K> ^i »o K>   -j 

rg n o w w w 

r1     * 

C"      ♦ 

i 

i    i   i   i 

rvjw wwi,-iwwww wN (Mio <M(M IO 

Cl O CJ CÜ C 3 O O C;  c p  r> O O o  o 
lllllllllll I I I I I 

ITB* m<'«Ki"",r!> war cr ir r^m r»1 

•«rioo« o>wO »fs wjo ri« ■♦ o « 
«   W  WfV'IIVi»-   IV.JVW r^\    WC    T- W»s 

i» r i' r ii r 

I» t.l 
I   I 

• tc 
\' It 

is 

10 rs w ■♦ 
">  C~* ^ o 

I ♦ I 

J18 O O 
■• rs i«\ |v 

nforoiotinkmmt'win 

I    i   i   i   I   I II    i    I   I   i   i 
r we^wworoo^irir 
nwow^mlo'TWiowo« 
s w w ^4r> « jwr» |s w WIT | 

.JO 
o o 

o o 
O Ci 

o o 
o a 

o o o o o 
o o o oc 

oo 
as o o w 

w w 

o o 
fM IO 
rl W 

o o cj o rj 
^ m o rs (o 
w w w w w 

o aaooacjc oo oooooa otpo 
(-""OOOCJOCJOOOOIKOO cocoa 

a o o o ori o t'o OCJ o c? oo oo o 
I      w(MrO'«-in<jrs(oo'Owf\jio*m'on-«> 

ot> aooooloo OOOOIOO o 
Ot-OODOCOOOOOOIOOO 

h- tjoOOOOlDClOOOOlOOO 
UJ     HWiowinotswo-ownikO'ein UJ 
3 

4-82 

LOCKHEED   MISSILES  &  SPACE   COMPANY 



_-^- 

^ 

en oo oo "3 cf r-» «-.jo r> ooo fJO o oo 
i    i   I    i   I    i    i   i     i i   i    t   i   i   i   i    i   i   I 

ii> w *-i o o »-i ü o  ¥-,r^ ^  ^<orv>c34r4)« 

Mri<-<rv r< tHH» * »Hfl -iNfMiMmrotyCM 

i I   t   i ■   i 

LMSC-D244589 

-•     >» K\« t»v<M rvi 

+ 
y?1 , :  j L>. -. o -i i 

ill    ill 

rvj1 <\iirtK ri ^4 w-i ^ a (v in nti» «« mrvjini 

->- U U' C>C-' 
i    i   it   i 

>   • I   •   i 

(J o o o CJ o cj n o o o r> uj r-. r-< n o o ol 
i   i   <   i   <    i   »   i    ill    i   ii ill    ill 

a*oo«t mrKiN» or^ in«xn*r^ roc •* 

I I      I     I    I    I     I      I    I     I 

o no cio CD aoono ooio o= oooi 
i    i   i   i   • i   i   i    i i   t    i   i   i   i   i    i   i   i 
^-•*3in^r^ »-lerx  CXJ-C^  <-* ocirv f>jir. ec io »^ 

» r\j •> K-( in t\j •-«> «pi« Bwirit^w><rm 

I   i  i   i   i • I 

o      a ao oo o q o ao a oao oo ooo 
*       i   i   i   i   i   i   i 11    i i  i i   IU t  i   i i   i 

*-l r^»-4K^m,'*'*\>J   WO   ^* r4 r*ri r-l *-* Wf^   --I 

I I I   I  I I   I    I  I   I 

a 
o 

«(Mr>j(vir>if\jf\i[\jtvjr>jiorMNrij<M(M(Miom 
"TJ _i .'.i   J ^ o   Ol-J CJ 1> O C« 3|0  -'f-"' ^J :3C-I 
I , I    I    I    I     I     I i I      I   I    t I     I   t    I    I     I    I    I 

LTV o o »-*rv « r^ir^ »HIO '"t o» oi o o r< c3 (vjf^ ; 
» K K\ » r>4 inixi ,« rM^ (VJ to s\     « <• o> I 

vi«-i<\Jvi'>r^'^<C"«fvi'^ w(\|tMMr>J •"•» (M • •,.     ... ..:  
I l    I   I    I    l     I   l    I 

c «(^^cv^^i^M^M•■l»^f^^cv',v«vl^<(M'v'M'Ml»^l', 

o oooaOoaocDaoopooooooi 
♦ iitiiititiiiiiiiiii 
o r^ w o j)-o » ■<> w Ki r> w w oi T-au OD if\ (\j-o 

o     » THK\ mf^o »-i^if^m« wfvin CMCVI wo> (M 

i i   i  i   i   i    i  i   I 

m OJ fVl <\J OJ ~-<  r| rl WIMOi (Vf^N CJCM "Ninm 
")    -» ^> —»   ">    T    •!(-•>    T ~1    ">   '"l ->IT  "» "» "^   1 ">l 
I   »   I   I   I   1   I   I    ill   I   I  I   I   I   I  t   I 

■o o v (M T in «-la   c •» ^ j-, into, ^iri» (MJ- 

»-i  WK> ^) O«   ^  ^ ^4 «Htf>   w  w ion  fVJCV  »4r^   «-• 

i ' i   ii i   i   i    i  i   I 

oi o n i^ r:- rj n( r-> r? o ^ o oio Oi> ^) OO 
•   •   »   •   •   « i   i    til iiiitlil 

ir* o  c •? ro   -s     Itn (cr   O i- • rue  'C/C^ IT 
v ar^ ^<iro -^jn^r. rr^ ^r^iiw-ra-  rv,o.< 

i i' i   i   i    I   i 

I 
o ■o O rr 

1   1 

r^ i- 

n r^ ■r 
r. x <M cr 
M r <\ 

rr 
u 

o o O 'a. 
3 o o 
■    • • K 

a o o UJ 
•Ol^ CC 1- 
wt V« rl 3 

O 

« fvwrj^iri^H^i-H^i^irvji ä(\i (\i f \ fi Ki r^ 
3 o o o c"' c n o o o " n t o^^-rr« 
i   i   i   i   i   i   i   i    i i   i    i   i i   i   i   i i   i I 

M«^ i^o wrVr-iicrh  wr^ lOio^ ^uroro«! 
▼ « «^ i\' r. in r-. i^ c •-. «H »• riiri «-<»-' » IT r- 

o ^ r' r< r^ r> (r- ^D ^ lr' T> r r- r 
i   •   i 11 i   i    i   i   i   i   i   i   i   i   i 

•/'«■wir wwtrerc»lr»'ir*vrf' 
omwl« ▼■«  lA«K>«.K\WO.i_i< 

>0 'C « <o 
r^ c r ~ 
i i   i   i 
♦ r> i^ o 

_ « » r. o (M 

i  ■ •>  r r  c i 

□ aoooooioooo oao ooooo 
C   OOOOO D'OOC   O   OCiC   OO- O C. O! 

<-... • 
t~        CJ o o c^ o c.-» CJ O Cl O C» O O O CJ D o c? 
uj      wfyKi,rm'Or~«c<>OTH ojm « >r\ <o r^ <s 

v r 

oao|o oa aooiaoooooooc-jo 
ODOO ooooaioooooooooc •«...  

Z .4 w w w w w »i w w 

4-83 

LOCKHEED   MISSILES &  SPACE  COMPANY 



o 
♦ 

o 

* 
,t-       IT. 

LMSC-D244589 
+ 

X 

u 
u. 

a 
♦ 
« 

o 

o 
♦ 

+ 

♦ 

K1 

* 
N 

in 

i- 

o 
♦ 
in 

cvr w ■♦ nr m m 
o o o c o o 
III-* ♦ •♦ 

.-• i-i » » « a 
n « ♦ Ki r~ a 
» in o< ■» « 
rv Ki •« tv win 

i   i i 

«VJ w « •• m IO 

•   II-» 4   ♦ 
o « <o ■< fvi« 
« €» •» n l^O 
ll> ♦  o (> in -o 
■«■ n ■« M •HIT 

o 
♦ 

x     ^r 

CM ^f «  ^1 tf* K1 

I   i   i   ■»!■»  ♦ 

■o -n « -ol j> in 
rl «   OOI rlin 
m n •« r«^ win 
•  •  •  -a •  • 
tit      • 

IM  .-< ♦ «IO ••» 
v '.■ c ci i < 
I     I      I    ♦! ♦ ♦ 
in ■« -a i\i o. r^ 
•-1 * ♦ I\<«\J •-( 
to K\ 
IT. T-I in 

in 
in 

a t- »- xit- i 
a a. a. win i 
UJ   UJ O       I        I 

I- 

O 
« 
o 
CM 

♦ 
x     t^ 

i 

,< •»■ v in m w 
o ni o o o o 

I I I ♦ ♦ ♦ 
o w« o» r> 

:io r. »4 «> mi 
lAr» » c\i win 

w « « in IT. w 
(V • 

I    I    I    ♦   4   ♦ 
r^ w*- <o «o <o 
« a« K om 
in a wo nj w 
»< r- * Ki «.r- 

w « « * in PJI 
o (M o ooo 
111+4* 

»^  W«   «JKtl^ 
' O     TO   lO L^ rv 
H o w m wxt 
PJ t^ «   in rij\, 

4 

m 

o 
4 

K1 
O 
4 
-A 
o 

4 
lA 

o 
4 

nj rvltMin in •« 
o a o o o o 

> 114 4 4 
•O   ■0:"> « -^ « 
CM « w nj« in 
r^ mun N « r^ 
w Wv WM rvi 

c m rj * u". t 

I 114 4 4 
«M  Ofv  »f^ ■o 
in o C\J (C w ^ 
u «i ▼ o 4> m 
w CM« x wr» 

to 
Ui 
ul 
o- 

in 
C 

•T p« w « «|r. r 
(M a- {  .   C     i  • t   1 C .  r'' «» 
a i- »   1   »  ♦!♦ 4 

no« «Ir-. -o 
i- 

i Ul Ui 
r «ro» nirx-«• T 
K\ a. « CM o oj o in 1- 
W Ul • >- • 

b> 

w l/I i       t        •  11 UJ . 111 -ij (^ tr 
0) u> 
u •4 » * ■ n n W] Ü 
a ■ . (^   -. •- r   ,.-1 IT 

^t »- t    11   4   4  4 1 
o U5 w w« o moi IM 
• •ceo »- o< ■s 

CT £_ C'               f.     T-1             .<, i' 

K" ?■ in r^ « w w« T 
in < (- 

i "9 

1 t      t       t     , 
it 

^. ■4 < ,- c «• r> « PI 1- 
(M a o <Mi..   L'C.I.   | UJ 
o >- 1   1   »   4   ♦ 4 -* 

1 U) in w»   O« w: H 
r> P' r- « i^ w *> 
rl c- NOW O* o. • 
n. lu ON»  <MN CM •v . V ^ < r     I>      r _• 

-J 
rr •  , 

»N i^ r 

Kl fvi r, r" •* ir. 
o oo oo o 

1 »14   4   4 
m »^ «' W (MOO 

i .> T«   >   '> -• 
4 N QK-, no w 
O m rt^ o in rl 

w IP 

ir 
n 

t       t 

u i •M M n « n 
rt 

*-l »■- i t    1    4   4   4 
._■' (fl ;»■ c M- ^ or^ 
1 w r^ in ^ o o 

1 ' ^j (T f^lCVi -^ C: (J 
AT v n- CVI V   »H IT   rH ^ <s 

W tr , . •■, c   r   i 
r:^ i- 1     114  4   4 
t 
w 

i« O   M<C   «  '■ CM 
rs ir <* »r i^ w 

1 or « m w CM«, n 
r u o r ■* or w w 

Ü 
t 

t- in 
«      3       O 

a »- t- x t- a 
a. a a o>i/>t- 
Ul UJ CJ I- 

a 
3 CM 

a. a. a in (/) i- 
LAJ   Ui C1 t- 

4-84 

LOCKHEED   MISSILES &  SPACE  COMPANY 



"S *Ö 

o 

o r< o a o u C3 o 
i   i    I   i   i   t   i   I 

X^ tt) > r--  o f-IO« 

o cj o D o o r>rJ o o o 
i   •    • 

0* »O   ^«r^ ra »  1 (M 

LMSC-D244589 

o     o o ji o  T 3 CJ o o JI o ^> -» o c)i:j' " ^ a 
♦       I   I    I   ■>    I   I   I   I    I    t   I   t    I   I   I    I    I   I ♦ 

1M 

r^     oo*^»^l•-*»^*^^^i•^-l(•-^r^(Mf^J(^J^^J^l•^r^ 
O        OOOOOC'LJOC-'OOOOOoM000 

t       «-»iiiiiiiii-l    i   ,   i   i   ■  i 

I   I   •   I   I   I   I   I I* 

I > 
♦ 

-f ♦   i   i    i    I   i   i   i    i    I   i    i    i   i   i    i    i   i 
rl O « (M •-< Wt^    »^«   f» IT   W»    «  « K   K> « it 

I    I     I I     » 

♦ 
IT 

o 
ÜJ 

ac <n 
■i"5 
uja. _j 
7i t _) 
— t- ■-4 

atz 
r 
o 

~ ^r o «- o 
Oi 

■o 
m II 

rl Oa»H.-l(»-I.H^«(\J.H»-l|W»-l(Vl(M^m(V»Hr* 
o o o oa o DO a o ao a a o oO o oo 
* ««iiiitiiiltii    i   ,   i    i    ■  i 
o '0[M«>^ oAoa a« c3s««iniw>Hi 
in noinfNJior^in *H*r^'^rv tf> IA n ICSKA in c> 
•-< .r<  ^1 » JO   «   ■♦  JM (M 'H r« (\4   •.-< «   W^ 45   1^    ^{\J 

I     I      I     I      I      I     <     I                                          '    •*   '  I 

^j 3 -D ^ oi o o o o ^; o( 3 o n r> -D -fl ij o 3' 
♦ tf^iiiiiiiiiii,iiii 
-j o<o^ijinth>o<3W(v.lf\jnf^o>m'^ii/i'^Ki 

r^ ^ ••• j »ic- »p-- o ♦ ♦l(M/> cv pjpv «IN Nift 

aaooooQoaa oooaooa aodaaooö< 

♦   ♦    ♦    »    »     Itl     •     I    II     I     I    g    i     I     l| 
^rojiA^tomo«)^ POJCD ^r^ o K» ■<> o *r^ 
nnounO'r^m.  CJ ao- n it\ r^ r- I'm Ti 

i   I   I   i   I   I   i   • I  i* • 

A 
-o 

o 
♦ 
in 

l< T 

?: ^H 
a» 
5C  li •_< 
nca 
u.'   V 
a. _i 
X u^ 
ui i- 

-r 
t-4 UI 
c 
ui UI 

u 
<I _) 
c 
IT 

"i       --«-i-»'-'«-»   -»"»-:»">-11-''"•'"l-5-.'T|T'">-> 
-f «tlil)l|tltlt>|l|ll 
*i     *-i i.} o^ <J) x in i-« w *-■ H« o- v (v:« I*^ >C (vir^ 
o     ;n CJ> o «• o tH IO fi « ir.;« o o x «t H o W(v 

I   ■    I   I    I    I   l   I I  |    •: 

o      w o o ci CJ : i c» o c oi o o a ^» o M o ^ o 
+        illilli|l|i|lll|l|l*l 

• c -ij v.r. i". in (Vic <-i —i,«-, inlr" -<*a 
o mvo«-•n•-'^-^K,. a:tt,e^l^oaDO'0,l'VJ,r(^, 

n     ininin«n(v>Hriioi^fr-in rvi^r^cy« «-ifvj 

I    I     I     I      l      s     I     I i !      I   i 

nr,nr,nr>nt~,r'|'^nr,oor,|c^nc^ 
. c ii o rj r> i- c Olo o o tj r-j oj o o o 
c-icc otric^cioo i o c an c->c 

o 
3 
♦ 

♦ 
n 

o n o ^ 3 0)0 oo^roocoo^oo 
i* -f ■   I   i    I i I    i   i   I   i   I   i   I   i   i   i   i    > 

ri wo <c « « uv r>. •-' «v »v ^ »-I i\ ^r\ .-i r r 

I»  >' 

•- c 
Ui + 
o C"i 
■«» in 
-1 *H 

a - 

I 

— X 

o 

o o 
o a 

aooaoooaioociooQooo 
oooaaoooooaooOooo 

I 
»-■ 

o o o oo oaooaooioooo oo o 
OOOOOOOOOODOOOOOOD   o 

I I •  
oociaa'DOOooaoaooocj o 
r4(Mn«m<<or^ao>OiH(virn«in'Or^<o 

I 4-85 

LOCKHEED   MISSILES &   SPACE  COMPANY 



-o 
LMSC-I)lM4r,Kf) 

ooocjrjrjooo OOCJOOOOO an 
I    i    I    I    I   I   I    i    I    I   I   I   I   ■   I   I     lit 

rum« c: wr^ •-•ifi^ r^fMoof^»-!^ ^-t ip o fv 
rf^r^ry .-u\i.H.-«T-i^«-tm«nr'>m moiv 

IIIIII ii 

K>  IT. CO (\ TH •-* TH 
l> rj ' I i I r , r .    , 
I   I   I   I    I   I   I 

•o DO r\ o•* « 
ii   <" f ^ LA  ^IT 
in o m <o ^i oj CM 

rg(\jry|i»\n^Klr^inMKMO|i<in»« K>m« 
tj o i> o o ori o c-i o o u^ uo oo o c ))o 
i i I i i i i i i ■ i i I t i i » • i • 
» r>i in « « cjir^ r^ «-t > « - i'in - * V^IK) ^J « IO 
« « ^I o ofsir^ «« « »v » •« •H(MKt oci« 
ri rf r« »^ « .«w -• in ■• in »i ,«rf ^*n  r< ■H« 

IIIIII i« II 

ry (M tvj (M m m m in Ki in m mion « » in mim 
<3 ci CJ o n c» o o o o o oi o o o o o ci o 
i i i • ■ i r ■ i i i • i I i i lit 
fM« ^i.-ir^minoi»^r»inc''««r»in cuwi 
o cc otn »H « »^ n o> « »<mi^ « ot« i^ »i« 
ru fMn, rH r- t\*in « oc r-- o m M H w-i .   M ^ 

(\j rvi OJ (\i (M mim-n rg m m mun m »i» m mi^ 
oooo oomoo oooioooo o ao 
IIIIIIIII    i   I   i   i   i   i   i ill 
momn«^ (vmcNjO'rijmor »^min «• «oc 
ry o o c> oo^ ^ «-)<> ^-CAO^^ int»« 
«inru^i^iin«-» rt > xi ■* nM»<n N ♦ i*> 

•   )   >   i   )   ) •  > >   i  > 

rH     m^ty1^^--«-) 

ru -o m (M i> •-• uv 
1     « 1^   1     t    r% * 
^ « in i.-   »I(>J r\j 

r» r\j t\j fy •-, »H »-* 
f i ' T < • 11 i . ' ■■ r i 
i    )   i   ) )   i   ) 
^ in i ■ ir -o ^ ry 
ri <\ja -c m ^a> 

» r\j N tM ,^ ^ r-) 
t-i r» rj c ci 'J n 
i    i   i   i i   i   i 
in rr « » «  if  - 
^ r^ Kl rv tn H^ 
,M rf n > rf rv ry 

mrvicMrMru^iininjv tMininnnininin mmiin 
ooooocwooociocHoooooalo 
I  I   I   I   I  I II   I  I   I  I  t  I  I I I   III 

m •-<« « >rt Mm <o tv a njml« •■) o^i »H» w 
in in in (M wml* ■«> w rf» iA|« M ^ir^ m ini«- 

i   i i i   ■ 

m r\- ry »-* TH •-•»-» 
a o a o o 13 o 
i)iii)i 
« /« oa » -n -n 
f ■ ^to   rt *  M J> 
f\j f^in »-» ^i ^ ry 

(Mf\J(\jnjrviin|in)nrM(Minrnimi^inin mmim 
o rJ C-) t_) 'j LJio o o :J o clo o o c ^> ol ' 
i   i   I   i    i   )   i   i   ■    i   ■   i   i   i   I   i )   i ,) 
o in (\j o wo'« «Mtvj o^viww c>o mm« 
« OJ a» m . ^ in t> m T-* ^ »H* i« c^ .■ ^nj x « « 
■o o « mn.'rv(\ji^ w •Hom:« »Hnjm mokn 

■   • I )  > ii 
i 

r* n ru m ^ w »H w 

* i i   i   i i   i   i 
Ci CO -o o .■- ^ » m 
rvi m m n w *     m 
»-i <» (XJ«    -H •H nj 04 •   •  • 

MfMciiMfMCMi'wminmmmimininKi mmim 
oooaoc^ooaaaaoocio aao 
iiiiiiiiiiiitiii    ill 
om^> THo<x!.»-i<>jininor^<o,o»-)o<t>ino 
to T en n o 'Ha. »> «v r- a? o* c «^»^o» o^o-m 
cor^tfi«(\i'-»'<-i'««)f^rv'«(n>Hn4wmoM> 

I   I   I I   I 

iO 
o 
« 

m !V iM -i »• »< n 
oooo o o o 
i   i  I   i i   i  i 

ri KI C' »-i u\ e- ii 

d: m nj ni mniim « m m mm m« mtn m mlm 
f-» '1 —) O  1 T ~>  "> ~»  'T    ^ "•:'"> "T ">~l    ~»   ^ "^ 
lltllllllllllilt    III 
in -o « o oino « * cir^ KV« in ■« »^ W «itM 
om<r wm-o« «v «coico oi^ m eo mo- 
o««mm^«t^ninminmin Mm m «im 

I     I     )      )     I     ) . I III!) 

ci m w (M r\i ,-i ■-) w 
-. )   i   1   1    T    >   > 

+ i   i   i   )    i   )   i 
o m-cmr^iT«« 
i -> in om <r m if» -c 

■C OI^«C>»HWW 

<\.rvj(\jf^rs*f\.mmmr\mmmui mtn m mim 
O O (3 O O O O  n O   O O OIO O «Do   O 13 o 
»iiiiiiitiiriiti    ill 
,-H—iicinm>uiCMrsi'r  -HrvJon. cc   ^nirrM 
ov^H^jo-mtr^omr-ÄttV. ecfvi^   or^in 
«^«•«Cvi'Hi'onjoJtMCU'HrHKrjcMm^l-« 

i   i   i i   i i   i 

(\) (\i C\J (V m niim tnmm«'«,«,«in-» 
3 o o o o o o n o o o o ,0 3 c. ci 
i    i   i    i    i   i 11    i   i    i   I   )   i   I   I   I 

r^   tf'   (Vm   r* r> •*   «-IP    «    ^fV Ir4m(\'«f 
^■«••^■«•or^O'CMmmmiA»^ ^-«^ 
r'm)»-«vw»-'«irrv.»<<r^»-m »-« 

i  i ;i 

m mki 
0 oic 

1 I ; I 

w m mlm m m» m m m mm •♦-» ■«•n ■« ■« in v 
o c O'C c r" cr c C;0 rir ;"■ - oo ri 3 oc 
4 )    I    f    I     I   I     )    I I I    I    I    I    I    I ' i    i     •    '    I 

•r« c-^w■^I»r'«rl^|f••-|f^'^•J^, f-^"-'"'^ 
ft (M ml« c "-»r- wini» r^ M to r- wm w in t>m 

O 

a 

♦ 

m 

r*. fv n. n. IM *-> n 
'. . .1 • MT'   ( ,  O   J 
»III     III 

.'.     r-- (v o> «v,^, 
|V(   IV»C   1^    fv     r- rl 
CT-   m IT, f^   C>    ^ rH 

- o o c, 

oooooooooooooo oa o o o 
aooaooooooaooo oca o o o 

<••.«••••-•••• • 
I- oc_iocr>oociooooooc;cjc)oo 
id THnjm>«m<or^eoooT-i<\im«in -or- oo 
X rlWIW •» *«w <-) ww 

c3C3ioa oooaoooooaaoooo 
oooo oo o ao oc o oo o o o oo 

»-       CDOOOIOOOOOOOOOOOOOO 
u     ^(Mm «m o»^ "»o wrum« in o I^IO 

U- OOOO O  Oo 
r. 
:J 
o 

o a oc C;  Oo 
■^  •   •  •   • 

|-       o u o O Oo 
Q- UJ     Hfvim « in« •- I 

4-86 I 

LOCKHEED  MISSILES  &   SPACE COMPANY 



•IJ 
LMSC-D244589 

.-♦,-( .-<.<-r-i(\icjM;\if'>Jo>jru 
or-jt»oooac> oQCDD 
I   I   I   I   I  I   I   I   I   I  I  I 

uTVrv  OOiAO   «[OhvC^^v 
iA(NjcrKioic«c* owe« 

o     ci o oo oo oonocjoooci 
♦      *************** 
CD        •v«»>N'~!M»WK\(».rv«>i-»<)rM 

i i 

.-l<r-<*-<.-<(\itMM|N(\|(M(MM 
*_>ooooo c>o acaoo 

■   i   i    ■   i   i    i   •    t   >   i   ■ 
9 c>cn o> <> "> K>|<> « Ki« to 

»-I    inir>j\ifiin« ««i«\j%m'»««« 
^j ; i 15 

♦        ♦♦♦♦♦♦♦   +   ♦♦♦>♦+♦ 
J      rr.  t* r^   J\ *>  ^  r*\ t^ *  £   r-t Nr^ t*   ^ 

cvj      (\j »< ^ *^ ^N « a: r-i «-i ria ITS c\j I\J 

I   I   I »   »   i   < 

•-ll>-lw<-lC\i(Vi MM M MM N 
oioooooaooaoo 
■   iiirtiittir C^ O O OO   OO   O O O O  L> 'D C CJ c » 

♦     ♦«♦♦♦♦♦♦♦♦♦♦♦♦♦ 
i-ir-'<;ofv(\J.-i»-i'a'_,r^m(Mf\tV 

cvj     nTHr>4i«)>H'-i>-i^iH«Hoa)in'-t^ 

i   i i i   i   i   i   i  i   i 

>-<l*-l .-€.-< (M M OJ M (M MM CM 
O O O o o o D o Q ao o 

.«1 f^ « WMIO l»l M f^ »o o ^ OlA <-f 1^ M n » ai <MO o 
M ^ «H f-4 ^ « ■o o « ft (M nj 

•  •   ■ 

I 

O OOOO    OO   OOOOOOOOo 
♦ ♦♦♦♦♦+♦♦♦♦+♦♦>♦ 
O tA   »-' « O  ♦ M   •-• (V f-   .-1 o » *  n   ( i 
-o in "-II^ o "-«in OIA« <-iMOina> ^ 

I   I   I I   I  I 

1 

1 

■ 

i 

w .-l <-l «-lOtM CM 
0 o o oo o o 
1 11   I   I   I  I I 
«I«   •-•*> Oi "X ►» 

ojifvi »H rfr~ in m 
• i •  •   .   • -   . 

I 

^Un .H fM M M M 
o|o o o ao a 
i i i i i ■ i 

inl^r *-t t-i CVJ •-* « 
OJ tO ^ o in (V CM 
CM i w «H is m -v » 

• i 

(M CM MM M 
o o ao o    I 
•   I   i  I   I 
*>  O 'Ä^ "v 
m M f^ K K 
« -o «■ »< w 

M M »MM M 
t-l  ,^) CJ o o 
I   I   I  I   I 
» rt Mr» f» 

« ♦ n w »< 

W.<^IMMM(MMMMMM 

oiooaacolao aoo 
■••■(■■iitiii 

ax o« « ino r^irtaj «»HtH 
€> « »H « c> ■- fv   o «r er- w n 
w»-i^r--inK\r\|*n'^»-'vH 

o oaooooooooooooo 
♦ ♦♦♦■»♦♦♦♦♦♦♦♦-»♦♦ 
o rvo1^ -on» •oov'Xwatno» 
x\ ^r« (Mininr»>HO'KM'^o»-ir» 
•H ^JW^^in*    «•HHW.HOMÄO 

o 
M 

O 
o 
•» 
o 
o 
o 

i    I I I   I   I   I 

mifi'tinin« ♦»»««'»■«inin 
C ^ o O O O o :r o o r rj ^, CJ cr 
♦ ♦♦♦ + ♦♦ + ++♦♦ + ♦ + 
< M* ntHin Mw»K\3«rKiLn 
W^ICM rtrMMx\- * Wincto'^'« 

i   i i 

OOOQ oc oaooooooc 
<     f    «    ■»    4     «♦♦♦♦♦*••*♦ 
■» ^THinom woo-^Mino«* 

o tv;>H wo-o m^ini^fiT Mt^ ^3 

1   1   1 

i 

WWCMCMMMMMMMnn 

iiiitiriiiiii 
in^J ^iTiM^ acO »H^-Oa 
inirM<-<e&r»r»4>|r»«»«v 
»H ^o m l<1 M MlM M »<^ K 

c> -^^r^in-wv-^^r^r^-«--« Mf^i ■« 

* +♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
a o- rj M r"l r <• r': ^a CT KI IMLO * m 
c^i o« 00 oin <*u: o^Ho^^ifi* cv 
^ ir*-t*-<»-t^«ir*-i*o«ircr>c^ 

r   1   1 

«-*c\itx cvi^n.1 cvifv/n. »Ofoi^ 
CJ   OOOOCDOJOOOOO 

in'inu: u: o^ocot** •*> **- 
o^o-cr^r^^r^M K"iir in 
r-ioomi^M'HwI'-'.-tOMrn I 

■ j CJ o o   '—i' J    ü ' j o j CJ 01:» CJ n 
*•♦♦•»♦♦♦♦♦♦♦■•♦••■» 
r'i J^ r    »". r- t   o 1- L. r» «* no -c Lr> 
r» < * c-* ic •*  cvcv'^oififfr» ocv 
THt-*rH«O^CO   ITKlf^LTunaSMO   ^t 

1 1   1 1   1 t ( 

' o c^ CT o CJ ei I o o o ci o 
o o o o o olc c o c- o 

1^ (OKI M M1 W T-4 ^« ^t r-l ^T-i»-i CMMMMtM 
o acr^cDOocooooooorlrt 
♦ 1   1   1   1    ■   1   I   1   1   1. 1   1   1   1   1   1   1 

o i> in co •oi ■« n ■« in CMI^ n o rv «n w» m 

MM 
o n 

r • 

(v cv 

n 

o »-• 

rr 

tr 

ir. mm "»»in iri,»'rinin'^"»^r'<T 
o -' O CJ c T' n c1 o c r- c o n c 
+   ♦♦  +   •♦   + + ♦♦♦ + +♦♦■♦ 

K>ro» m t-ionie n^M^ajf^ o 

r r  ■ 1   B » ■ » 

o aooooo oaooo 
oooaoooooaco 

o OCDOOOO cjcjoao 
r^coo o.-iMj'i-»in'0(^« 

OQOOOOC30000000QOO   OO 
oooooooooaiooooooo ao 

OOO   CJCJCIOOO'OOOOODO   00 
1     ^ M ro ■• in o r- to o O^H M to ^ m ■« r-eo 

0000 ooooaoooooo 
o o oo oc ooocoaooo 

■«  
►-        tuoo   OOOUOOOOOOCJ 
in     T-«cMi'i»m«Ka)o>0"HMi'w 
1 T-l -n *-l ,t ri 

4-87 

LOCKHEED   MISSILES  ft  SPACE  COMPANY 



T> 
LMSC-D244589 

« « « « 
ti a Ljcy 
♦ +  ♦  ♦ 
i^ rii»i as 
o OJ <v <-l 
n ^ .HO. 

mm* « m m m u^m ■»««n« »io«mm 
ooraooooanoooooooooo 
♦   ♦♦♦♦♦♦   ♦♦   «44««   ♦♦♦    ♦ ♦ 
j\ ar^ s N <o « in,-» origin o •M» r^ ON 

■ CJ «M   V4 
u      ji   *_^rv  » IM «» o ui!*»   o f~l r» in CJ f-fl c 
r^     cc <>lcs0'0t^'cnlc)cvjm«)'0i|0'0' 
oj     10 OICVI » »<»-< w »-I^IO m »H »H »^l»^ ( 

>   r   i   i   it   i 

»   «   » Kl 
o o o o 
♦ •» ♦ ♦ 

1 M in rg 
ex r^ «> m 
m K\ OJ w 

♦ 

IA ■» in mm m •» mi« «•«T^n<»i«««mm 

♦   ****************   * * 

a r>4n (M« »HK C3fa> « « m« o» ^o r^m 
w Kiieu I^CM wiv rib. «^«noiu-ir»«^ ^t N 

o 
♦ 
o 
«-I 

I   t  I   I   I   I ji   I   I   ■ 

1 

r> m im « « » « «U ««^^«'■»««lAm 
opoooooaoooooolooooo 
•f   ♦!♦   ♦♦♦♦♦]*   ********   * * 
« ISIK is a> »HO (\i<M« o»«m» o« ao o 
t^ nlo Q « « c M« r- •« no <e I« m« IM o 
♦ t-4ri Nm i^ « o.u\ •« «»(Mriiojcvi'« r-i w 

O   O O 3 
♦ + ♦ ♦ 
ry r^ (v » 
•-• o « o 
r- » M cvj 

o 
♦ 

•«•   »   » «  ♦  « 
o oio o o D o o|o o o o a o 
♦    ♦I*   ♦   +   ♦   ♦    ♦!+■    ♦♦♦♦•♦• 
»    T<O t< « O  rlco1«  « CMI^ •• 1^ 
« r-|» m IO » » mi« « cvir^ « r« 
T<Bto   CiJ!>JK«mi.-l(M»-I»H[Mi"1 

n n « « m 
o oa o o 

« oc ^io m 
m »Hr«« « 
tM t^ •O  »  r» 

•   I i 

I 
«    «   K1  l«1 
a o o o 
♦ ♦ ♦ ♦ 
^ o #-i m 
^ (M o » 

i   i 

a 

O 
m 

i afo' o cKoo o o o afa oaoooooooo 

> »^»(Mtor^fc.  « x> « WK\k»» « « o» 
r^ »^c « oi N« «4n m»o or^(Mi»i(v«n 
(\j «Iw r» T^O rt •-♦« m« »-«lAoki »Hrt-o» 

i i 

m « « Ki 
,"• T .^        O 

♦ I ♦ ♦ 
*<)■£« 
"^ tM m « 

I     I 

♦ 

^L. « «im m m m fi 
o o'a o o o o olo o o o o o 
+    ++♦   +   ♦♦    41+    ♦♦♦♦♦ 
m n « « o « m 
:J (Mio m is i (v i-tc^r^ m 
TH «|T< r* rt rir*- m|(M roo>Mm«l»Ki^»Hi<i 

♦ ♦ ♦ ♦ ♦ 
^««^«»■-OOrlM 

»-# m »H C> ^ 

I    I     I I      I     I     I 

T r^ « « 
o o CD a 
■»♦■»♦ 

«   CJ ^ 1^ 
« r- « (M 

i   i   t 

o 
o 

(\i « 
o 

m mm m « « m mkrv mm««« I««««« 
a a| o u a o o cfo oooooiooooo 
4   4,44444   44   44444  {«44   4« 
i" » cc KI m <o K\ OM« « « «o f» <\j nn K> r- rx M 
«\ ^ici« r^ r: o «iovinm omi€> ocx « o 

i f~- ■« (M »H fl 

K»»«  r^m<OK^O>|«« «COK»CM|K 

^ ^«ot ri« m ^ rJ^i w '-»r» »sin r 

i  i   ■ i   i  it   i i i 

•» * « « 
-> -i -»i 
•» ♦ + ♦ 
T  O*   cf   T 
cc ru r-. o 
r> K> m K\ 

« ■» Ki « 

♦ 4   ♦   ■» 

^> *-■ r-» IT 
f^ TH »H f\. 

I I    I 

f sf IT1. IP 

+   ♦   ♦   + 
r^ r» r* •♦ 

4444444  ♦♦   44   44"+   ♦♦♦♦4 

r.   ■r' rl -r* i v a   ^ ^1 ■w-> r-   •-»■(V«>cl\KC> 

n  »  »   r   ■' r  i-  i' I'  i) ».   r r  li  r i- 

ui 

or 

o 

c 

a) 

o m m « « « « « mtn mm»ft«n««««« 
4 44  4   44444^44444   4   44    44 
r> m «Vili^ m n « « rtot» i". n ?»\ in i»< o sr. Ki n 
o o dm r*tn ni*- mo(M (Mo« «-tiw«» -oat 
« K>«MiMic«vm» rlivj MIMW««««« r»r~ 

i  i   i i 

«mm« « « m^A m mm« **« «mt<%m 
r>(o CJ (_> o o oio ooooo|ooooo 
444444*44444 i4  44   44 R rT ,T »OK o «r co a LTIK» O" *O «^ IT ^ r^ r- »O ITN 

■   P   K 

c. cv o a 
o ro c o •   •   .   > ^ 
C) t- c tj »- 
ü^^ r^- G3 UJ 
*■*  **  ^ «H I 

oooanooooocooQCioaoo 
occoanancccoonociooci 

c1 c» ci in t-i o c» o cj ci Ci o ct CJ ci o C' o 
THfMK\«msor^ioo»o fi<vjr^«m'Orv(o 

re 

OJ 

o 

UJ 

a o.a ooaoooaooaoooocjcj 
o oio o o o o o o o ooooooooo 
:.••■■•••.••>■•     -.... 

OCJ O   CJ O O CI.C3 OOÜUOOOOOO 
>-«\j tn « m « r-«o o»  0'-irvjr«,«m>ot>.B> 

C) 
o 

Ui 
1 

4-88 

LOCKHEED  MISSILES  &   SPACE COMPANY 



",l^ ^ 

LMSC-D244589 

o 
♦ 

i»\«««-««*ir>i'iifi*«»irMiMr>;ir\,rif» 
aooaoooooclooaoociio orj 
♦  ♦♦♦   ♦■♦♦♦♦♦♦■»♦   ♦♦♦!•»   ♦♦ 

<vi f^ c <c «^ »<* * »4 wrv «o m« «IO to ro 

i   t   I   i   r i i 

o 
♦ 

OCDOO'CJOOrjOCIOCJOOoOIOOO 
♦ ♦♦•♦• ♦♦ ♦♦♦ ♦♦♦♦  ♦♦♦I*  ♦ ♦ 

10 irtw nlr> « *■ »i »* ^r« ■• o »i (v '-•i ^ »n •< 

♦ 

••••>• 

m «««in« «inm in« « «mminiin « m 
a<-iooooooi-<cloooorH-iic_'Oo 
♦ ♦♦♦♦♦♦♦♦♦♦♦■f ♦♦•♦•♦ ♦■♦ 
in «f^csi-o« in^^cjojcMr^ Minom«« 
» o«cc •rt<<i«)>>>^Ncinr««cm WCCM 

I t  I 

^ in««iftin«inininin;in««inin"r>««in 
o ooooooaoooooooaoooo 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
o r.moioo«cco'i'^nlt>(>cj(»\ivr»iin«t-> 
OD v^i^oooinaioo^lMror««^«'^*^^ 
rl T4   •-• T4 »-1   r4 «   »<(M N   •-«»<«>   «   rf ^ "H n   n»H 

ill   ii   !■•   ill •   e 

w ««««««inin'ninir. ^«^^«'rviinin 
o o oo c3i o o ao a ao o ao o c>io aa 
♦ ■»♦♦♦.♦♦♦•»♦♦♦♦♦♦♦♦'♦♦♦ 
O «   »<» OOO ««  0/>iiO*\>l«>«|>   lo 
in o «H»« ncvaocDci» ^t woj w» iv «v« 

I   I   I I   I   I 

o 
o 

« inininin««in''^m«nu>««in« K» tA in 
r> o a o i 3 LJ "D ,j i-J J o D 3 a a ^'o oo 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦   ♦+♦♦   ♦♦ 

w(NJtM> x\«»^t«o,i^K\ir\rv^(«r^ rvj>. 

i i   i   I   i   ■ ill 

1- 

c.     «inin»i*i«i,>irmminmK\««'^i«mir 
o     a oa o o o ao o ao a ao o oo oo 
•• «♦•»««♦♦•♦♦♦■♦•••#■#•§♦   4    •»« 
o     «<«)«-i»o«r^O'-'<«>o>P4CM« wn^o ^> r^ 

O       «   <-l(MCMCM-oO^<f^«HW.-«'Oin«««   »-•'-I 

I I   I   I   I   I III 

I 

inirtLri^Kiio«««««««««^^^ 

♦   ♦♦   4   ♦♦+♦♦♦♦♦   +   ♦♦♦♦••■ 
9^^r> ~wK'<Pirc»irtfvr^»-*Nr'(«''< 

."j in « 'O •<) I'I tö « r^ T-*^ o « « in « K» *< 
r «-»«^^«»-IO if K"<ir «K*«n.--i*^ 1*1 

r p  i   rf'tDnvr 

in 
(0 

u 

rr 

4nm«««ro««inirtm»oj*n«««ni<» 
♦    ♦♦♦♦♦♦♦♦♦♦♦+♦♦■»♦     ♦♦ 
PJ in <T x  IO « o« «^o in .n cvjrjKi (^«n !>• o 
m «IHCM win'0^i«0'm»>^ «» <v « »H m 

i   i i   i 

c; ci o o o i: ^o^c^^c-c-oc^c O^ 
♦ ♦♦■»  ♦•»♦♦•»  ♦«♦■§  ♦♦ « -»   ♦■» 
u".      tc o-  0s/ f^ r^ T f^ t* r^ (C r^ r ■ cc  '^ »i) L^ o 
c « r^ <>■ a  «  CTfs ITO-C^IVIK^K1^ «IT ^O- 
o o in <M rt rg w^ in x « m «Hrom r" mo« 

i   i   i    ■   i i i   i   i   i    i i    i   i i 

mm«'» ri«««« ««««KW «KI « •» 

♦   ♦♦♦♦♦♦♦♦ +   *'f4++'f4     44 

in nj«inr--Mr~i^« taw »«««-occvjio 
»^   »-|<C «   IT «   *»^  «" «V «V 1"   < fv c   «V »-( r1  « 

»-I tr«««ininii^«mir\ 
c -. o o ci f r' r> n r1 

♦ 444444444 
n r'f^triTinirir'r 
CJ o .-I o r\i KI MM « « 
ri CV.  <" CO ^ »-1 ^f   v* r* 

r   r ii » r i' i  i' i- r i'   ii K 

ooaoooooocooaoacoo 
CCOCCC-CCOCOCICOCIOCC 

CJ CJ C_   CJ l_  C CT t_  ci c- CJ CJ CJ o c rj o  C) 
wriiKivin'Oi^aso owr>jri«in'Oi^ o 

C3 rroo cooo^s oo o oa o '^> o oo 
o coooooocooocoo^ocic 

!•    •♦••.•. -- 
c^ ci a n ci c -o c- CJ-O c cic c» tj t:1 C->rj 

i     •"mi« « in «rv co » o ^4 nir^« m KJ f^ « 
•4 .4 Wrf »H .4 W  »<»< 

UJ 
T 

ooaooaao 
ooocoooc 

f-J C O C) o o u c ■ 
'-i(\in«iri*c ^«c 

4-89 

LOCKHEED  MISSILES  &   SPACE COMPANY 



^ 

LMSC-D244589 

oaacjocjo^aoaooaooorjo 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦ 
w -o «> «HlOo (M rlift O (M [A « * i"» o   mtn 

i   i   I   i       it • 

♦      ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦    ♦♦ 

«     rg»(\4o««rH "-"^ o ir\ c>« rvi «Kt r < cvj (\j 
CM        CViIO>HOJ»<T<»<«IOt^   rf« l»\ CM r«^«    THfvl 

till! » I I 

o     oooonOo^aoooooouooo 
♦      ♦♦♦♦♦♦■»♦♦■♦♦♦•»♦♦♦♦♦•» 

•H     w* ^v o^ oir\ o «^r^ o KI o<if\ -c »-im <c «H« 

i   i    i  i   i   i    > i   i i 

r in 

♦      ♦♦♦♦ + ♦♦♦+♦♦♦♦♦♦♦♦    ♦♦ 
o      ^ Ki fM o or m rt  "> T-»PO oo OOOOCVJKI^» 

i   i   t i < i i   i i 

O       O O O O a O o Ooo OO o O C30 o o o 
♦      ♦♦♦♦♦♦'•»   ♦♦♦♦•♦■♦♦♦♦♦   «t* 

in      ^ oio OION« *N o rsjinio r^ on« (Mo 

i   i i i it    ii 

O O   O O O O C" o O n O   O O O O O O  _)   -3 C3 
♦ ♦♦♦+♦■♦+♦♦♦♦+♦♦♦♦♦      ♦♦ 

rvj f\ w» or^ <-«o IM^I-O xv :> o •<> fMrM^(>f^ 
^t PJ <M» fvo> K( r> » r<o in'Ow<o<swr  «r« 

ill    ill ■ i 

i- 

o ooaaraaciOaocaoaaaao oo 
4 ******************* 
o ^i »HN « Nfv <o «in« r~ ♦ o« »fi » « w 

o> •-tMn.-iinr~co'wn<N<(v<nn« <O»HO (\J W 

I i i   i 

o 

♦ ♦♦♦♦♦♦»♦♦♦♦♦♦♦•♦■♦♦♦♦ 
o Ki «HO- ri o<c c ^a» vr^ «N>n PJ^i^iMlrj« 
n oiht^mmafMrv fv,«) C\J o«n m 'MO' (M ♦■o 
* M    rin  « «   HO>    f^ 1^ Kl   n «i^ (M *>©. 1^     «*» 

I     I •   (I        It 
UJ 

u. 

►- 
10 

O      o o a o o ci o ^' o ci o o o o o o o o CJ 
♦ ♦♦♦♦♦♦!■♦♦♦♦•••♦*♦     ♦♦♦♦^ 

(M < (\1       CJfO       sf. r- m r^   CC ■ -(lA   o ic 

Kl     CT.cefvj(\iojrvniH(Mn<o<o(vi»H fv«n«)  o>l> 

i    i i i ■p 

ie\ v •* ^ininiAiA-vin 
c cr» j' io r1 o c? ci L? o 
♦ ♦♦♦♦♦♦■♦♦♦ 

T* ir K- ir ,- tv ,-■,-{« rv 

i' • » r 

a 
Ü.' 

ft 

•*++♦♦♦♦ ♦♦■»♦♦■♦♦   ♦♦+    +•♦ ♦ 
>r <r ^i <> r» • f» «-"ir irr^ir'iPt>sf>i»,"»,ioK' n 
O' "-wi o »HJ o Ooo (M ■» «o> as ^tn « i-in 0 

i> *• »-II^ ir « * cvi\.ir. IT r> iv at ■■ .-i*. «-«WH Kl 

in in kn ■« ■« i". w 
Ti  3 O C   ~ O   C 
♦    ♦♦♦♦   + 

ri ct ^ o n'D o r- 
+ ♦♦ + 4 + + + 

!> «^ IP ir (V'N (>• » r> <• (M «» r irirv K> »• 
»inoNnfM-wo-in -Hinom oif« r» to 
** ** ir< r. a ** a: ■>r<v virfv n.T'w^« 

►    B     O v ti m 

ooooooaoa o 
ooo DO oooo o 

C) O CJ O C.t o o o o o 
o* ow{\iK\^in«fv co 

a 

3 o 

o oooooo oao o o o o oo o oca 
r< ^ooooooooooooooooo 

►- oooooc'OocnocjcJOOooc-iic-j 
w> ^(Mrvrin« f^ioo>  o-nivn ■»in« r~-io 

ooooooooo ooooa'ooa 
oaioo oo ooo oooo oo oo 

■4..   I.      ......       -••.•-.. 
r-      c f CJ o o (_■ c_: ca CJ CJ C-  CJ o tj «_) CJ 
uj    wr>jKi«inof^iooo.H(vinvm>o 
I rl ^1 rl rf»< W wt 

4-90 

LOCKHEED  MISSILES &   SPACE  COMPANY 



^ 

LMSC-D244589 

i 
I 

1 

o 
« 
a 

o 
♦ 

o 
♦ 

♦ 
o 

ooooodooaooci ooaCHD 
♦  ♦ ♦ 4  *   ♦ ♦   «4*4   ♦•♦♦♦♦♦ 
•-«m <i iA » «io > » w« (M « «r» » oeo 
»»«««rjo-m (virt IT (M r~ a* m r- o 
K> CM win co •4<-<<vjroirii'^>OiCM<-i4> N<-i 

ooia ooocia^oocj oo-ooooo 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦ 

o> r^ « t^ « T<r^ i> "> ci»v < n ^»o- m »«in « 
miHu«oin«c:tv<Mnor4K«K\<-ia>oin 
<\i » v K> w» »< KM■« « m « « o« xv tv win 

o a 
•» ♦ 
•« c 
as r^ 
»•rsi 

i   i 

ooaoocjooaooaooa oo 
■•♦♦♦♦  «,«  ♦♦*♦   ♦♦•♦•»♦•» 
in a> « K\ m 3» crninr^ Kvcur^ « «-to 

(•14>inni<HK\(L'l>OQ(>   O-    <-<   .HI-   <   rtO 

I   I   I 

%h ■„nininin**!*^ 
oaooooaoiDor^oooooooo 
♦  ♦!♦  ♦♦♦♦♦!♦   +♦■♦■♦    ♦♦♦*♦♦ 
^ it, csi ru o o a:   r4maCKm(M(V^o^  o ■« r^ 

i « 
»     (\J cir^ r^ * ♦ « r4o- io<o ciw.-*rt»o(Mc 
»H      .-«o •-««♦> (M »In i^>  »< w w .-•» /\ ry < 

■ !•• 

IO IMI« «««n»|«t«vninnininin« «»n 
aajoooooaooacDooooo oo 

•♦ ♦ ♦!♦  ♦♦■♦♦♦!■♦♦♦♦♦   ♦■»♦♦•♦♦ 
O ^  Cy» »«« IM *» a|D(MX> « O  ~- M A « ♦ > 
m cA»-«»HiooT<rv om rsi^-mrj^fuor^ r>-i»' 
•-f (^ «l-H (M »4(M ♦  inO 1>   r«rH W W   r« Win   »<>« 

•-I n^vi^n^ro^iininuMnininmin*"»-!^ 
o oolooooooijojioaj   JOOOJ 
♦ ♦♦♦♦ + ♦♦♦♦■*♦♦♦   ♦♦♦♦♦ + 
_> in inleo o o « •-* o ^ «-teo ^ rnmininr^xj 
(\j c. .-HI » « » rvj o r'»! _ w f\j« » n (vj T-io r~- t^ 
w »H T«m "-i,- »Hnin:'H»-t>H«H«-i»Hwwo(Min 

i   i   i   i  i  i i 

o K>»ni««wio««inininininir. ir, »♦♦in 
o o^ooaaoaoooaooooa oo 
■t «-t1«««««««««-*«   «*«♦♦* 
o or»in<Mv*iCO'Nioi»iwio»-»<ji^»ow 
CJ r^^'«ja)^»Hin«'*-inr^r^tf>mr>---»Hcro» 
o w C\| t-l w (\, o »< o w w w w w »H wo <o oa M 

•   i   i 

nf'>iM'««ri» »wininminininm« «io 

♦  ♦♦■♦ + ♦♦♦♦■»♦♦♦   ♦♦♦♦♦♦ 
« *in >ü^ « THV »HinKi wMt-fc^o- ojr^o 
«>cca;oj.n<»iCvMt\jmo (vi*-* »no Ov 
wr^th ^ iv« »i«o »H.H»<<M»^ »i»-<p* «m 

1 ■♦ 

1 n 
r^ 

C/) * 
U 
^ 

1 w 
Ü.' 

miin nr 
'"■ir1 ►- 
+1 + U) 

O- l(V r^ 
oja -x r i 

HtW •* c 

T 
1/3 

rr 
ii 
X V 
■rii 

D O u. 
C D 

ri^inv^v i « « in m U' if' u • in (^ ^i ■• ^ 
o oi o r_t o CD Li "J o o o o o m (u o o o ^ 
♦ ♦♦■§♦♦*«♦♦•»♦* «-»•♦-♦-(.♦ 
'O-^r on tn-jT^Cf'iino'NjfvfMr'iuirv 
Kiirii^fr^T^r. c« t-<<f- THIT »-irv *t <£.   :or> 

K«, iniru^vTT-^^^iniriniOLninin^'Oj -H 
D fr* '^ C) r? o C' C' ^> o n n r* c   n c-' c- r* o o 
♦   ♦•f4+++*+++++     ♦♦♦•♦•♦+ + 
Trf-*»-jr,c*e'pirirfvnNt-Kir,'r*r»-t r^ 
inio^ioooi^joinin^r^oinKio^niin o 

Km NKINKVKlrvIM  (MfUfMrv  OJ^HKIK»  KVKl 

♦ ++♦•♦♦+ + ♦+♦+•»   +  +  +♦'+♦ 
»-lC, »-i»-'Kir*i^Ki»-'irf" ri r< r^ wir-c  WE- 
f--KtKix»MTHnir, w»-icjie o> •• in«  o « 

ii h   u ■< r  n r I-   r i 

LkJ 
I 

aoaoQuoacaooaoaoa oa 
oacoocociOcoaoDoocao 

i.* c CJ u o o c* ci o o t3 nc» o o t) fo 
TH(\in«in>or*ioo> o^wKj^in-oi^eu 

oo ooooooo oo c»o o a oo oo 
oc oaooooa on oa oc oo oo 

tlt'C M c    r~» f ^ 
>H(^K\'»in>or^ix>0'C;r-i<\iKi'<rin>or^io 

</ 

n 
UJ 

It 
U 

Hi 

! 
4-91 

LOCKHEED   MISSILES  &  SPACE  COMPANY 



"'S 
^ 

LMSC-D244589 

♦ 
o 

♦  ♦  ♦  ♦ ♦   ♦♦♦   ♦♦♦♦   ♦♦♦ ♦♦!♦♦ 
rlOCMO«   «> iA O (V r»  « «   ♦  OIM O»   ^< o 

owrvj«« fviio^r-fx IM* ♦ m >o m ♦ m r» 

liiii                  • i 

rg (M <\j f\j (\j (\j 

■ I   i    I    t   I 
IM OJ O «   « if\ 
■* o r^ <- rv m 
(\J rg r« rt T-i ^H 

rsi! 

(\J*lf>lft« tn«* »« «• ♦ • « X» lf> « » IO 
O O-O 3 O   CD OO o O Ot'-^O   OO C» CIO O 
♦    ♦♦♦♦    ♦♦♦ ♦♦♦+     ♦♦♦     ♦♦♦♦ 
CVX- iTi WKlo m^ « Ott «<\ IM T »   l& Wl»   O 
in(MO[M«r»iAI^ rl T* CJO O 1A  r-l   r<»   »   ♦ 
* -c ri run r^ KV^J ry Wirre  -r o ^^ »^aj « KN 

»•ii r 

rg tMfM r\J (M (M 
c' o tji'j r.> D 
■ i   ■    I    I   • 

in .-.   .•  '  rvj : i 
« JA «   ^J  « Ci 

O     ciaoocjoooociaaooocjaoo 
♦      ♦*♦•»♦*♦♦•♦♦•»•»♦♦♦♦<•»♦ 
C<      m4><-l(MkAr-lr^>nK\«-0'O<S<-l'Or~m(MlM 

I     I     I     I     I I 

(M (\J OO CM m IO 
0 O CHO   CIO 
1 •  ■   •   •   I 
T-l iA ifl O   Cl il> 
o « m <c o * 

rii •n-r.«««im«*«io«»nif»inininm«m 
o| oooooaoooooaooooaoo 
♦ ♦♦ + ♦♦   ♦♦♦   ♦♦♦♦   ♦♦♦   ♦♦♦♦ 
rj coo^rD-f^r^mKiA (vim •-« o»  «-* 9 iro^  Kl 
to (M<o-t)«<oinm'Sfc»r^ rH* * io «H f^ mo» iA 
<-»' r<IM'<»«M\r«"-'^l>>.«-l»Hrf(MW »1D>    ^ 

I     I I     I 

rt (M [M(Miin r« m 
a O O O O oo 
♦ 1 1     1     1 i   i 
o -t mn t- ■«   X » » « o ■« o •>» 
»-t m !M ■-< X\ rl "^ 

mm^^iTim«« ««lom'OirtirtiniAirt'n 
00000000 ooaoo OQ oaoa 
♦ ♦♦♦♦(♦««■♦•»♦*+-»»   ■♦•»*♦ 
■<r m M r-« J> * »-o   ^i n r5l> o » »   ^it>K "^ 
««o«»-<o«)«> cvjt^vDiniOir« •-<« o« 
n  o  ^I^-Irl«-<M|>,  « ^CM (M (M >M M rl <-! in 

1 I   I   I   I    I   I I 

o 
in 

rvi pnKVin Kl m 
0 ooo oo 
1 I   I    I    I   I 
X>   O O >   M « 
<v r^ * * ir D 
•HO««   «  ■• 

in«'r«in««* «irinininmmininin'n 
> o rj z) '^' j ^-> o o o oiO o o O n> Dio   D 
♦  ♦   +  ♦♦++♦   ♦♦♦♦   ♦•♦+   ♦+  +   ♦ 
to rH'C'C'Or^o^r^ »-»Kv^to^tn **«" ^ 
tH« m^m'^o* m c^-CMtniAxi T-'ä CM m 
»HrHKMy   "-liOinCMo    •HT<CvJ',JCMCM(Mrl^m 

I   I   I I   I  I 

»H CM CM CM CM CM CM 
U i  ,'J -' ^'   ^.   -> 
+ 1     1    1     1     1    1 
~J tc o •«  ri » rt 

(M » > m ~- m •« 
7-1 « « in « v ri. 

ry •rfm-r^^^^^tr-n'ininintninininm. 
a ooooaroc^oaaoooaooaoo 
♦ ♦•»♦■»*••■»■».»*♦-♦«•§♦   ♦«■»♦ 
o ^■*Oic*,*r^'-**-ifMm^t>rO'Oinr^o* 

O      rj ^ CM T co c t^ —' in «-<--iCM CM CM <M CM--«^ m 

i   i   i   ■    i  i   i ■ 

Ki« «-«fo^^in KitAinintfiinin »niA»nK\ 
-1"T ~>T"» -l-D^l-JT-l'T") -^"5 "»r»-»^ 
♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦   ♦♦♦♦ 
^X'Ar-KitrinKif^ o no r*- da tnr^ « > 
in -ötC r>« 4)«HC>« (MCM* in^sin in^-m* 
^Ki^-inniro •*<c rtcvjnijMnicM nJM.-4Aj 

o 
o 
o 

tu 
i 

n •-1  »i w-ti.-l OJ  (\J 
o Q o oi o o a 
♦ i   i  i   •   i   i 
o CM CO K\ -O  iO  K\ 
o <c in m fn <y «c 
o -1 7-1 W ^1 o « 

3         7i *-l w-C »H TI CM 
-1         -> -> -J ~1 ~»r> 
k          1     1    1     1 t   i 
■">      »H «■ r^ ir or. 
n     «■ Ki o* «• t 
o      n; CM rj TH 7<0. 

r  i   • 

* 

Kl 

C\   IT   IT-   n   «   «  «   «   K> IT |f. If-   CT  in U'    tf• lf   IT   Kl 
t ■ " ■ . j 'j o c T)'-' o ^. o c ."TI .n c,> o ru o ^ 
■»•»♦■»•»♦■»•»•»♦■»♦■»««   #♦-»* 
r» ocK1. r- j^oor^cvc^^io r* Kir^ 
i^ »-.da T"rfK-mKiKi«-(Kiirin*o in mcv T? 
O1  7H rHccin 7^^^o •c 7-1^^0^^^ CMCVT^: ^t 

1 r 

Ki** *■» in« ««1 inininin intnin mir, « w 
'» ~ r ri c-' o ^ ~ t- o r "^ C' ri o c"^ c. o o 
<+++++♦+*♦++♦+♦ ♦+♦+ 

•» «rr^c-r^ wcviTK'K'T-ir.fr^^ iT^a" 7-1 
rg -o » o c- T-ir^ »H r^ rj« o CM m in Kit^. m o 
»-tr^a  V-'^CK*. <*o   •-# «^ •-* ♦♦ C^ IV' (1, IV »<|s   w 

7H CM Kl Kl Kl Kl rg Kl CM CM TK fM tM (M fü 7H Kl Kl Kl CX 

♦ ♦+♦♦♦♦♦♦+♦-»♦♦♦ + ♦♦♦ + 
o rf<»jv'>o<iK>7-(»-»-*C'-'r'K>,rr'Ci«o 
o in KI« -o »-cr^ 7-io> Ki «in o o ■« o « 1^ in r^ 

i' « r ir r   n 11 • 11  •> i' » f  p  p 

0 r. cv fvj n- cj f\. 
0 _: '. ^0 i 11' 

U1 ♦ • •   1   r   1   1 
rs T r- •-, ^ _ 0 i\' ^ <r a  « ir 

< Kl -0 sc r-   « CM T-i 
cr • • 
H 
if 

~3 
- 

J7 0 000  0 - 
O ♦ 1   1    1    1    1 '-' r' O C^' r' >T 74 
:'j 00 0 « « 0 

C1 THC 0 r^ ir K- 

0 • • 
JJ p n 11  r  ■   r 

OOOOC»oaC>OOOOOCDO  0000 
oocoooaooooooaooooo 

t -. ci c c c o c> t t-i 1' c: r.' ei u; c. c t 
»-ifyKi«in>cc^ecoo^CMKi« in*or^tt 

ooaa ooaoo 00 oaoaoooo 
OOOC   OoOOO   OO   OOOOOC". oo 

►-       t_ o i: c.r' • C! t • rj r^ 
T-icMKi^in^or^cc oo^-ccMKi^in^T^to 

o o 00 00 
o o oer oo 

Lb'        7-* CM Kl «  in 
T 

4-92 

LOCKHEED  MISSILES  &   SPACE  COMPANY 



"V 

LMSC-D244589 

r>cjr-)C3oaciioa ao0cDi 
i   I   i    i   i   i    ill    ill    i 
« « O « oo -O ^ « O » r^ ^ » 

rvi« « <c n m irv« »< (Mfx-o r^ 

i   i   i   i i   i ■   i 

H       CVJ<\j'\i'MKir'\ru<ViOJ(\jl'1K1>»"» 
'j     oooo nciria-inoooo 
♦       i    i   i   I   i    i   i    i   i   i   i    i   i   i 

•   I   I   I   I   I    III 

Kvm ^ fi CM fv »»^ K» K^KV« m 
o ;i j c -.' ZJ OO n .^ j) c ^ 
i i i i i i i i i i i • i 

KAKIIA T-t.\it^ «> -H r-t rur^r- £ 

>   i I   i   I    I  i 

I      I    I     I      I      I      I     I     I    I     I      I     I     I 
c I^J »^ rva "^ 4n •-»'"J» if.  o wo 

^»^i ^(^ir> »<»» «-i *-ii> ^T- »-»m (^ 

oooooncioo o o o o 
■   I  i   ■   ■   i   i   i   ■ ■  i   i   i 
« -r  T> OJ fvi (M r^ (M rvj «Mrv xt eo 

r^r-tr^T-lA^r^l^ift «H«-llf>r^ 

I       I      I       I      I       I I 

<1     (^ o oci n o o o o o '3000 
4 llllllllilllll 

i   i   i    •   i 

0inr)000  0'30 OOOCD 
I   I   I    I   I   I    I   I   I I   I   i    I 
0 oniAKia «too ^m^ <- 

1 ' I  I   II   •   I 

r4l OJOjOJI^MtVi^'X^'V^'»«^ 
O OOOOOOOCDOOOOOO 
+ llllllllilllll 
O mO*0^f^<3Ci*-iO^    OXC1 

CXOOOOOOIOO   OOOO 
i   i  i   ■   i   i   i  i   i    e  i   i   i 
r>4ic « w* « MO w .-fco .A » 
^ooec« in i/\f> cr   oo. (v o 
H^O « rv tv pa rthr «  -o M f« m 

iii   iii 

»i rvit\iN04rvjfMwrvj(vi<\'^'^fO^ 
a oooooooaoooooo 
» ,     llllllllilllll 

I    I 

! I 
(VJICVJCI » Kl r^ fOiPO <vi K>rn »^ n 
n|o o oo o olo a .^ro ^ '-J 
i   i  i   i   i   i   i 11   i    i  i   i   i 
fVil-O» f^eO'COi'Hin oo^c» 
t-l'TH-o^rvf^  ^iiH*-lr^X\*  L 
fvj|T-iir»f^CM»-i>riw^i<cK\w» 

I 

-, -> o  ->   -> o —i   -■   i r> fi o ^i "> 
■llllllllilllll 
r^o  '^r^'O   "^o1«»   Dec »n'co »H ' 
^r-i     J%r^ rv s\ ao J\ r\ ^i -^ ^ ^ 
^H-ICU »H »Hin cVf^ wr-*—»m »n-c 

i i   i 

aooaoocxtncD oooa 
t  i ■   t   ■   ■   i  i   i    lilt 
(Mi(v*>a)tcr^ tt<cc<c oo «-<* 
•-««v ci •-«» »< p»i|C; <■ n » «^ »i 
m to -< r-to (\i njp- >c vm '-' •-' 

■i •■,■,•,•■• ■ * * r ■ 

o 
o 
o oooo o oo aaooiooo 

tiiriiiiiiitii 
<o «mi'voo no-cor^in inr^r^ 
a \ rs MTI -v «c  (Moio^^m c: > c i i> 
o(>«r-ini^.-i-oo>w>-»»H-».-i 

i   i  ■   i   i   i   i   i i 

-j\Ttr> -> -i o -il-j -> T-> T -i 
111   11   I   »It   I   It   I   I 

ir, in o »iMr^ olo» s K> >c o> 
« « C\J r^ K m r»l« tH rvj» or « 
miivr^  »*inm»<i»i«  rt »J <vi « 

i   i i  i 

I\.(\I(V. nJK\i»iK,t-i(\i r\>« «"if- 
OiOO  OO Oo'^-    oo oo 
lllllltllll   litt 

f\i ^ p^ K' r^ o rv ifv •-• «r r^ in (v 
wl «H «H ■-< o in r^.in »H -O CJ >•<■« 

i    i    i  i 

,-i .-i .-< .-i .-i rg rvjr\njnjrMi\i»OK\ 

(III      lllllltllll 
iono>«r» rtni^ir--.« omioo» 
ri o« in nj « « niinr^ cent' a: to 

i   I   i   i    i    i    i   i 

c\,(xji^f^K> p^, poioc4n.<v1n*K. K1 

Q o Oo  O O O  ^J O O O' o o o 
I   I  I   •   I   •   t   I   I  I   I   I   I  I 

O. ro o   O   tfl  ^O  *-'•& O   in :»0 fC t* 

^jinm fMcDwinO' MnjOJ|*~iirrv 

iiit 

o ''■ c n o o o o n c ^ cri o 
i   i   i    i   i    i    I ii   i    i  i    ■   i 

r-ir^ OOOOL4)I>OIOCJ w-ij 

^i nt m (VIK> r^, m Ki tvnjiniKM') K\ ro K\ pn to m rvi 
o oooi00or*ooc>or^ooooono 

■» i   i   i ' I   i   I   i   i   I   I   I   I   i   i   i    I   t   t   i 
r> ^,^, p^l«ln^,«t•^,t»•>*r<l»^l"^^'^«T-<r■ 
o f-^rviniinoo-cocsiiooT-i'OioiOfOf^^HO 
K> ir^v-f«Hir«rv«^«-ii«4<«-i«-iv-i«Hrv'CvHvH 

r ii n   » 

ooo OOOO'OO oo oo 
OOO   QODOOD   OO   Oo 

r1 ( M    ci o o c».cj r> r? o c^ O 
•oiviooo.-iniK\» in«^« 

X 

ooo ooaooooooooooooo 
OOO OOOO 00-000000 oooo 

t J n t-^ o o CJ oo OO a O ci o ci o o c» 
rH(MrO»in>orva300>H(\iio^in-orvco 

a 
a) r 
tr 

E 

oono o r^r- r-i r^ fv o to o c 
iiiiiiiiiiiiii 
^HPT rH^f^fx' infv*f^,«*nf^ 
wniop (vi»>K\(vin'Ot-i'-«i«oin 
|p I < -V » l« .«V ♦<   »-'■€   »H »<r> <Vi « 

U U   ii K B V 

o a oo oooooooooo 
a a oo oooooooooo 

p-      O C 'C> o c* c > o o o o <J o c 

4-93 

LOCKHEED  MISSILES  &  SPACE  COMPANY 



SJ 
LMSC-D244589 

» K\ K> rj <v 

i   r   i   I    I 
r» « » o ^ 
f\j ^ to ir or 

CJ oootJtXJ  aoooorsnri O.ICJ o 
i    i    i    I    i   i   I    i   i   i    i    i   i   •    •     i   i   •     i 

i   i   i   i  i    ill 

'l , I    I    I     I 
c j « K\ M » 
CM x\ <-• •-• <r 

'v -.   3 't ..  .) »3:"> :.■ o O —   » t.) L^  -> VJ    J - -> 
* i    i    i    i    I   i   I •  I   I    •    I   ■   '    '     '   * * D rl  rli ^ J< i*^ 'J. ^-"- --^ ^^.i; ^ 
« ,   OKM^  -i^r^ o»<r JN« c « ^ » f^i- « 

CM 

»   i i  i 

KVK* »^ 1^   Kl 
Ol f3 O O O 
I: I   I   •   ■ 
oir^ ro ■« tM 
irlc» »-. w « 

o cv no ooa  O or- un 0"-.i' O o" c"" 
■ i    i i   i    i   i  i   •   •    ■   ■   '    ' 
iJ\i^MiM.»i«n-i-.iN^ ♦«v'* ^ 

i   i   >   > 

K\im l»l 1^ to 
O'O o o o 
I 11   I   I   I 

♦ » O »   M 
WI^I rn « •« 

o 
♦ 

•'   i*  i*  i'  t  t  !   i i i   '   i '    ' 

■a m to fO fl 
o oo o o 

■  III » ^€J> a « 
« f.  rf O M 
in wcvin n 

i 

o 
♦ 

o o oo oooioooooopa p oo o 
11111,11 L '   ' ' U i 
too. to« o^o> o>««- I« ^« 2*   «^ ^. 

III    III I    I     I 

m niT« K\ 
o ,"3 O C ■D 

1 III 
o r^ »o r\ ,:_) ro :. s ^j 

00 v (\1 « TH 

Kl to fi to n 
O] o o o o 
III  I   1   1 
■o to t o <o 
CO <\i n ^ m 
■» (M   'T-l   <-|    W 

f > • 
r> 
CVJ - 

O 
it o 

♦ 
Ul o 
2 o 

o. 

irjrM(M(\j(MtM(Ni«<^'^ IOIOOJM 

o oo  ^ 
I   I   I   I   I I  I   I I  I 

•»   ^«»Ntv-ir-^-o    -^ » * ^ ^ 1, 
nio (NJ.HW«IO»OV« <^^ MIP r^ •« w 

o a « i^ a: o * i 
tH ^ ^3 ^   r^ r-»   •-*? 

I     I    I    •   I     I   I 1 

^,^ w rf ,4 (V»V i(V NTJ «V!-, •* r IO «• IO t« W 
oooo oooooo oaooa o ooo 
■    ■■■■iiiiiii|BI    «   i   •    i 

ri M rvi ru w» •<)■»» fO ■-lO' ro IM -rt i^ ■« '   « 

i   i   i    i  i 

« Ito ro Kl fO 

• i r  i   i   i 
aio in Ki o 

O   rllO «   « 

m t^, (v fvj iv. 
olo o o o 
t > I  I  I 

•« n w ri (M 

i   i   i    i 

1/5 
7 

O 

T ■ T IM IM 

I    1     •      I 
<   fO (\J  O 

^ ri THririrwrg ro(MCsi<vJio->» IO* 
• 3  .-,   _, _,     -, -^ _,_,-,    T T     1 p O 

»     I      I     I     I    I    I »   I    •     <     <    «    •     ', 
tvip-  on xiir. s MX» " ^ '"ir ?    '   _.      . , „. 
o-r-rxriowr- rt.ciA <V-c •rt» <>  M^ ^»M 
tv fv iv r- ^o K\ w f. r ^ »  y'r ■"^  ^ ^ ^ "^ 

I    i   t   I   I  I  I I I   >   •   ■ i   i   »    i 

r  ri »< «V l\ «V. IV (VIV K C- cv. in IO K. •« r   r: K- 

^ n o o o oo o a c .3 ■ J t-1 ^ -' '-' H ,   --' 

-aro  ^iriri^fn<». r^ff  • 
rl^|r|0-*«lOKMorvJ 

O   vO I-    1^ Osl 
•-jr^ ff"  r^  >rfi f ^ *   * 

ill    i   i   i   l 

91? 
(\ M w     H 
coo     c 

i   i   i   i i 
t>  (>• N   K» tf> 
w >^ -O ao ■» 
ri »- ril" ■« 

■ i« ■  v n 

, ^   I   I ~i    I   I    I   I    I   I   I   I   I   I  I   I   I   I 
, .,    p ^toiAtAiior- ivy (V oor "" ^N ini^iv 
o1    mwiOMo mm -iio CMO r-« NVN He»« 

nr 

3 

tr 

a- 

rMOtoiofonKAtn-jf-winiriiriirv«« 
1    OC^OOT'OOOOOCV 
i   1 I   I   I   I  I   I   I    I  I   '   ' 

5>s oo>«o^o«« 2•-■"<r» *c?« 
tv o oo 
I   I   I   I 

o oa o o 
o c o o o 

^r in «o ^ a) 
v-4 Irl vl rf «H 

ooooo ooooooooooaaoa 
coaooooooooooaooooo 

U. 

X 

ooooo rxD ooooo oDpoc;po 
" o ooooo ooo CO oco c ooo 

I»- CJ  C' C ' I 
Ui        T-l M to » 

c  c> c->ti o c o o Cico one; 
in<or^io»OT-iM'^'rin'0'^co 

tec    CJI c i n o c i r.) •   o 
w ÖJ ro Vin'« Ni <>   o-iMto-» iA-or-. 

4-94 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



I 
I 

LMSC-D244589 

o    ooO'O ooo ooo oooociaa oo 
+      i  i i    i   i i  i    i   i  t   i   i i  i   ■ i  i   •   i 
o    o> IM«-« » ^i« •-< « « win «o J» ♦'if* « m o 

•   » i i t   • >  i 

? 
0 3   tj OO'O 

ojn (M CM 
CJ o o o 

rorJrg Nfirti'i (\J 
o cj o o o o o u» 

III I I I I I I I I I I I 111 •• I 
Oi i^r^ t^ rf» »- or-« OMJ« mfx. rf ■« <v 
* (MO » oo o«C(\ir^r<i«M^injo(Mt> » 
m rt(>i  w wn wr^ «Mr> womw ^^i«  wir 

^, ^,^ri^,^i(Mrji»\(Mi(\ir>Jn«nrjioa'0(M(>o 
o OOOOOCJOCJOOCOOOCJOOOO 

♦ ill     i    i i   i    i    i  i   I   t  i  ■   ill   ■   ■   i 
rj o cr^   « (Mo «)(>«,fsj«Herv'«(M«(>*f^ 

(M ror»«MwtHf»\»-'inrHK\'-'K'»inH'-ti^<-iK\ 

i   i  • i  i 

rH ^| ^W   rt^üM^J  1« (MltM 'Omin'O tMI(M«   .-M (y 
o o oD oooo oaooooootao oo 
♦ I I I    I   I I  I   t   111   I   I I  I   I [I  I   I   I 
o IM (MIA »» *OCD r^ (\4iriir\otrA. ir>]*nf^ « 
A « rin oo arv if» m «Ho « r- owini(Mr^   wo 
w <»"^fMww(nwrMwi(\)C'<1n>wl^«wc\j 

■  i  » • i  • •  •   ■ > 

rt ^ ww w rf(M(v r»\ «IM m « r\ <v (Vry i n PJ 
o o ooaooo ocioooooaoo ao 
♦ i   i  i     i    i i   I    I    •   i    i   i  I   i    ■]■   i    i    ■ 
a o *-«   (Mo WKA "*• a o i> (M J> o at* i\ <-« * 
j^ « »^n « ^i^ (M« *^)0««'rvo«)> in?^ 
rl K» rO(M   ^1 W»A fMO  OI^MOO   w ^WIO lA  •-< 

I   I I   l I    I     I   l    I 

o 
o 
o 
(VI 

I .j  o_>   O   -JO -"■    CJ .J^.   OOC) O o Oil   O     5 
+ III    I   I I  I    I   I  I   t   I I I   I II  I   I   I 
-i mmmooo'A'MKKcoMr^wjcjImKii^» 

(M XV r^-^    or^w^    r. .vo (MW w« rvjtvK» « « 
,-i m in(M (M r*^ i^ fM w« w« w w wi^in ♦ r^ 

i  i  i i i i i  i   i i 

i 

O w<  »<•<»< -I (M 'M   CMiniio r>lA W (M «MlMfl 1A Kl 
O OOOOOO ^'00000 0 000000 
♦ III   III       I   I I   I  I I I   I I  I   I   I 
o (^oofMOrnwr^w^ommP^KiiAo*^ 
c iA m«   r* «r « . ^ «»eo -» ri u\ *-tf^ r* m r^   cue 
o r> fKM CM -*o i IOOIA wr\ -H W »-«WIA IS -H 

I  i i i iii   lit 

rl<-IW wHWAiAJ oi(Mfnmi»i(M(M 04r%K\ n in 
-,-n   T^-I-»   -i-^-ii-i-ii-io-»-»-! 
Ill    I   I I   I   I   I I   I 1 I I   I I I   >   > 
o (M-2   (M o * »A  rwi^v. (Mo m ^ w wr^  w m 
C^)  OV    CDiniAO   O   Cl^fMKIflo c>o o   IA r^ 
in miM <\i »^ *   Aiw-*fvjo»nrH»H *-»■ iA (v CNJ 

I I i I I I I III   III 

c^ ri -w**-! T-IAJCMA Ai(Vr>.finMr-ii<-, r<-Ki«-, m 
CJ O o C- J O O 'T O U C O ^ C- O C O O O C 
♦        lit     till    IIIIIII    tiiti 

CM K^*C  m Os (v I--   r^ mr- ^J r^     n vc m   -■    i 
j     iA « (M  o mo <r   rv o A IT. o or^ if■ f> r- r-   »- 

i i i i   i   i   i i 

WTHw^iAi(VKi'(M(M(Mmmmru(M(MAi (Mrn 
ooooooonoooooooo» o o 
i   i   i   i   i   i   i   i   i   i   i   i   '   '   '   '   '  J J. 

lA.HV-fclArjt H(Mm(MO«0lAlAPT* W« 
K m rw w o r. w w w A f*» «v cr ^{ (v A »< w « 

r r r" r r r* i   » r » e r '' 

a 

u. 

b 
or 

^■^m mmrni^ r^mfn^^-viAiAiAiAo^ 
(\ioo oo^^ oc•n^nc->'^oor•~A■ 
ill i i | i i i i i t i i I i i i i 

<i WIA A'!r"<p<r »«rir wtf-^r wr^or- w 
IAIAC.'OI^OIAO'O»»     in'-iociommr, 
OAJWrfA««   f-A.-Kf    W* A. w »1 «  1 

w CM (v fn KI 

.O^lAtC'OOlA't) 
mi'A.-iOi'i^r^ 

ooooooaoooaoooo oo oo 
DDOCOOOOOOOOOOOOO   CO 

C; t* t' •-> or    I • Ci Cl O CJ t ■ CJ t 3  <-■ O   o (_' 
^(MmTiAor-.ccioowAjmTin-or-io 

cr 

X 

3 
o 

T 

ao aaoo oooooooaoooa 
o«-i nooo oooooooooo oc. 

C^CJ   C1 C) r.1 t-'   C ' Cl' o OCJ C CJ Cl c. ■ U)   C ' ( .■ 
»HAJrn^iA'Oi^^oo  o--ir4fn^iAsoi^*o 

OOOOCJOOO 
o O O CJ oooo 

O   ' 3 t     C-i  tJ LJ CJ 
-H CM m T IA o r- 

4-95 

LOCKHEED  MISSILES &  SPACE  COMPANY 



T ^ 

♦ 

♦ 

* 
in 

ooooaoooooooocioo 010 
ill    i I   i   i   i i   i    (   i   i     I i   i   i    I 

ö     « «■(> a» 10« »« « ma « miMin ^f^A in 
fv      ■«  wir\i » •« cc c: irifi K» OIK»^ »<« 10 ♦ o m 

:t: O 0000100300 OIO o OO o 
I I I I • I I I I I III I I I I t I 

•^ -o w<na> « « «» in r>cc » i^to- N win ^ 
Kto» o<VKFOcD«Kt(Mn« oo» m rvj « o- 
K> m w wHin cun^. « «p. »^ r^i«. « rami « 

t»iti I     I 

«x^i'iKirMnmiOioopuiv'M (MOjm 10 (♦ « 
OOOOCIOOOoOOOtD  OCDO O CD   o 
<  t  I   I I  I I   I I  I   t I  I    i t  I   I   I   I 
«(>(M«i>in«'«'««inx>'0 or^ -o <> i«n ■« 
mm« oK>r(«r^(»j»ioi»<N CMIVIO- OI»< « 
(M CM ^ nK\0> N *rv »   .-l'.-l >-< .-•«-IO' in jo • 

♦ ^^♦»TiOio to i>i CM |^j N CM (M cvj ia H «r 
oooooooooooioooooob o 
iii    i  i   i   i   i i   i    lit    i i   i   i    •   i 
«.OirH«M(Cn«Vrt(\J  ,-it>,   o om »   olo  (M 
<o or^ «o rv » w^ O(M(M« «■« riopr^ 

■ i i  i ■ i i i i i  III   11 i • ,1 i 
• «r * «<»i N ♦ A» -a A 10 » oru^isKs 
o (\j omnm « <>« » «clöifi «inn wU-to 

« K»K>KV(0(\(>i(M(\i(MCM|>jrvJ CMruojn 
ooooooooooooooooo 

i^inr^ «» Hrt^wwrtri^w^i^ir«. 

mm ojrM(M(\t(M(\j(\j <\iirgM (MMrvimfn « 
""   O'CJ   3 O    ■» O C3 O   CJ o c» o o o 

III    I I   I   I 
m OJCO a om « 
«  w^  .orv K\>.  rig) 
•-lo o rjrun ro « 

(<i 3 « ^IOU (VJI^ m wto m 

LMSC-D244589 

ci «r'>«Mrvjo*rM(VM(\j(\if\i<\jM(vru«\im»'i» 
o o o o o ao o Qo o o o a ao o ati o 
« III   iiiirii    til    •■•■'■> 
a r^ o •<? oin o »-IOO am ♦-•in « c^o» « eo »^ ci 
o «-i«>«(\iC>irvcj ri*r- r^  oro a   r * •-< ♦-< <* r^ o 
o moo-H fv«mw i/> m-» m (MtM-• »-IT-I ^r- K\ ■« 

« mm(M(M(vjwfMrvjrv»ojni'McM«\4fMmn'« 

I     >     I      I    I    I     I     I   I     I      lit       lllill 
r\'<* i\. <* t-t •Hm » <\j> w rif^ ■«rv o our ^ 
or^ «-iirMßOjwirt^ec «m ^ H^« « o CD ^ 
i^ ivf^ v^rvjvirinir« «m^tv*-»«-!» mm 

-J r m (^ i\ fviv r«; rtcv <\. M» f^ rv.»v «v rv f» •« 
_-. '3  '-J ^"l --• CJI-l o oo o O-O 0 CTi o o O C1   '3 
♦ iiiitiiirrtit    • »   ■   t    •   • 

o r-« oo- r^ o  •- «c  ^vi rv iri> * ^ »nrv f\j 1m K> 
m T-nt-^Hmirnco. --«o m  owmtMpj^wiow 

(V r>i w m "> m w m m rvi CVJ 
r. n .-^ r1 -• - r- r) r r r 

i i I i i i i i i i i 
r^c-r^roirrvfM^irir 
mmmv^M'««'»^!^ 

D  B   II 

cr 

or 

I 

l r 

•» r^^ir-,>-«rf,-i'-i^t^i^(»4(vj(vry(vrM^in 
r. n r> (p r> c D o r. c o o C' n o z: o o o 
i I i i i i i i i i I I i I I i I i i 

.-<c» ntrr'iewi^K'ir'rir ^, fn^f^t^c- 
(\ji^-«u3K\f--(>i^(v« «-im o»m« mpic 
<v<<  wwr.«v.(vr.rk!.-i ♦-•t« IT r rv .-i w «>• w 

^Iv^^^m^hrmi^minininin« 
OPOOC'OOlT'C^OOOC'r'OO 
i ri i  i i  i i fi  i  i i  i  •  i   i  i 

■»■fr^iv^^winMnror-lr» »m 
« p CM « » r- ■♦ p CJ rv w (M « <\l o i_) 

"1 

O  O O   D O '-J O O O O O 
□ n c, -. o o o o c  Co 

c      C     C> t > O O Li O CJ C' o 
looo^nrvim^in-orvaj 

1- 

OOOOOOOOOOOOOOOOODO 
OOOOOOOOOOOOOOOOODO 

P CI Cl t>Cl tl C'CJP OCJ c   OC-IOC-DCJ 
rHCM m « in « r^mc  o^t (M m« m o »^ eo 

ooooooopaooaoiooo 
oDooaooooooo oio o o 

<•..-••►•-•••"■•■ 

►- p o O O  Cl O P  C P O C) O'O  C) CJ 
ui     riM m « m >o N «> » o TH (Mm « m 
1 wiwtwl^^wt 

4-96 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



T "^ 

LMSC-D244589 

o     o oo no o ci oo oo o oa oo o o" 
+       i   I   t •   I   i    i   i   >    i   i   i   I   i  i   i    I ,   i 

<M     .-• m •-< «in »"i * f\j r-^ •».» m m « m « tfw c\i 

i   i < i* i '       '" r 

•-I •- i^K\niio« lanro KtK\ OJ OIIONN nj^« 
o -_; o -:> o o ^J ci o C' o o CJ !_»!'_> o o o ,-j t-* 
♦ i   i   i    •   i   i    r   i   i    i  i   i   i   i   i   i    tii 
-3 r. MCM r^c» «  Hin « 4>ri« ^«^ OH M^ H 
« F^o«a»«»-ioH w^ OOH o(M .-itn» 

■  I i   I I * »" 

w ^K^iOf^^K^Kif^i^mnjtNjfypor^njfgfyv 
o r» oo cio o u o o o o o n o oo o oo 
♦ i   <   •    i   I   •    I   t   i    r t   i   i   i   i   i    r ,   t 
o « HO i^ « K\ «c r\ v o Mm r i HIV in CM» » 
•H in«oo«i»\m'rr^»vj»in<iiOi<iin«o« 
fM M-OOK^OVl^lin»    HWtHHHw«-1   Hr^iS 

"ill* .-.---».. 

«-« »»m^-io«   mi'ttMlMOJOJNlMlMrMni« 
3 ooooooaooaoooo^oc^o 
> I      I     I      I     I      ■       I     I     I      I    |     I      I      I    |     I       I    !     I 
o *in^r^in»cjn«<m'»«c><-K>'ro>t\tv 
« ■oo>,»»3>oiHo>on4^-o<)n*ivor0r^ 
r* ,-lr-l«-«1^«-!«     fV*>     «-IW^tHv^v-lW^I^X 

r       i*»        ■.■.-.•... 

ri »mir n«ntv,->jrvirMojn,(M(\i(Mi\Joj(M» 
o ooocDCDOdoaaooaiOooooo 
♦ i   i   i   i   i   i    i   i   i i   i    i I   i 
o s'^MAAHciorv»«Q«ir4>a.n^» 
ir\ nmf^in^icoic» «cir^ « in^moxK»» 

I 1 

"H     » rMO K\ nj ro nj CM (M (M m (\J o* N <\j fvi (\i rvj •« 
j   3 O   T* C?   wj   oi /J   -3   d o O C3 f J O O    ^ *7) O 

♦ I      I     I      I    I      >      I     I     I      I    |    I     t     I    I    t      I   ■     I    > 
3     forj-onracj'   »-or^  H»f^o  D^rvi ^m r^ 

rv(     oH»!>v>in.   .»K\rjin-« HPV » c^n -O 

I 

♦ 
o 

o oo ooa aaoaooacjoo ooo 
itiiiiiiiiiiiiiiiii 
r^inoKioo  o«m«Honjo^r-ivorv^irM 
n o- n ntn ■* n«r m nr<. IM fi n« « ■»«o- 
fXio^raKiinr^r^ •o•«■^>J'^lnl^^■r^(\lMw■♦ 

«MOitvxMi^HHrvj rgnj «J10 <M <\j fw Nrg« 

ll>l>>>|ll|l|l|tt|l 
rg r^a- if. av in* rn t/^r^ CJO o «.' «-^ •-♦ 
o OJin «onJ<v tinno^rv ^ *->t>eo f^* »-i 
pv *-ff\jvr^o   T-i «-to oi^ •-'o.  •-'{vftjrv^ro 

r; fvfv. ^,-*»-i^i^t»-»^ii\.<\-c\j'v.(\.^*c\(\j^ ri o o o ^i c"> 3i r1 o o o c> o cj .-i rj ci o o 
itt>itiiirrti>i>i|i 

*-t o rv ^K, <-, fs, fv TT CT^C ^ ^ rv (\ ^ inir* KI 
,-itvj>o ■r-i^i>-iT-«^i'-i •r-Hn fv^i^irorijMWrt 

i 

■>»■«■» ir 
o c r^ H 

I    i    i C/) 
■r t* f 
■» rnio a' 
r ^ n. < .   . Ul 
i   r T 

in 

i     I    I     I    I     I      I    I     I     I   I    I     I     I   I    I     I  I    I 4 
w r t>-   wt^  T  i"   n s" •/• ^r-  /•«'ir<>t^<.5» r^ 
ni CM ■«  c, « {>  T-«> t<-\r,rvjr^KV««(> •ooaj o 
r. r><-<ivc(Vi^(vfVHr-eirK\r^ »-t» •"• f 

»■»1 ■»^lAjwinininuMna^in^-j'wj 

i   <   i    i   i   i   i   i   i   i   i   i   i   i  1    I~II   i 

*-jK*H*-tfv&»-1*-ir(\|f<(\^^fvp^<^cv 

r   r i   r r i   r   » ■   r  B  r 

o o o 
o o o 

z 

o  oo on O OO OOO OOOoO OoO 
OODCOC ocooooaoocaoo 

I ,-... 
c ■ c r- c> C' on o fo cio c- oo oci c> 
^i(MKi<rin «r^ coo-O'-irvii^vin «i^ <n UJ 

I 

Oo  C^QOOOC  OOOOQO   OoOO 
■   000000000000000000 

o o c1 o e» c» o o o o c> o c> o o o o CJ 
•-♦raKi^in'Or^coootHrvinv in^f^ eo 

4-97 

LOCKHEED   MISSILES  8t   SPACE   COMPANY 



^.r. 

LMSC-D244589 

I-    « 

o 
♦ 

I 

X 
I 

■» 

I-    « 

X 

4 « 
4A 

O 
♦ 

rg 
o 
♦ 
•c 

CM 
o 
♦ 

ro 
o 
♦ 

X M 
K- o 
z i-l 

i 
rj .-i •« ♦ in fi 
rj o o cj o o 

1     1    1   +   4   •» 
r^ o -o o x> o 
■o m rg »■« to 

fl in in >o t~t n »4 .~ KV r\   W •r-l fVi   .-1 
♦ 

a *-■ IM I                  I 
U X > 
Hi 7" W 
l/l • 
•-t 1 <M »4 » m in f^. 
-J .    , .    i •. 
-1 1     1     14   4   4 —• ry- .n« <a r^ t-- >- ro TI o CM ri « m 

o <> in « ♦ Ki rf 
C3 ■t 
a y- OJ 
u s o; ■       i        ( 
(M co 

o 
4 
n 
in 

4 
in 

* 

.-i *» in » fi 
o (M o o oo 
I     114   4   4 

r^ i> o OJ r^ wi 
rg in i4 or>o> 
T4 in (M Oi o (Ml 
»n » re ^ o w4i 

►- 
X 
?. 

»4 •« ♦ m m JM 
CM'  ■        r 

1    1    14   4  4 
r» o> a Kl ♦ « 
o m »H o ^»^ 
n mm «Mm » 
*\o K ■* ^«r 

1- 

4 

o 
4 
■O 

M MM • 
O   C(0 1 

• in ■» 
i O OC3 

111     444 
(M Mi» n on 
o m *> o in r^ 
in q» eo »^ i^ 
»4 H«   (M »-•<> 

(V l<M • 

•    II    4   4   4 
o- osr^ o- tain 
« «M a « (M « 
M <> f<i M am 

U5 
U 

o o o a o o 
114   4   4 

(M (M^] ino r^ 
l» rv -v n - -i 
fy ^ ^> ao r^ o 
v K> T» »4 >» ri 

U1 I        1        • 
~L* 
cr 
ji 
i» M rt » n «r M 
a «   ,.   . 10 
►- I 114   4   4 LU 
X ? fM C   C> fM -O -Ü 

0,i » nj <■ nj « CT 
l .1 o -T ^c i> en r- O 
s v K",   «~<   <H ^ c> 111 < . C 

n   »-", 9  rf^ ^ 

—1 1- 1 1    1   ♦   ♦   4 
1 U) h> K^ BO o  n in 

tv K ^i P' in >» «- 
M a t» •» -O   TH w c 
c u > 

v K":   »-* CVW   *-* 

•^ « • m Hin 
o 

1 
(MO O OO 
114*'» 

<f ^ t>. oin r^ o -» T4 ,n -.-e (M » -i 
4 in in CM « o o 
in ru » IM m .Hrt 

L0 
111 i^ 4 »   •  • . »i LL; 

i 01 

ü r-1 « « n n »> u 
<r (Mi- ■-" r-ij Ci 

rx ►- I ■    14   4« 
._i i/) « o> o •» CJ rj 'vj 
i fO in *-t o c: »H V 
T- n K, in evj ic     •<) t 3 

in < 
* a m ry nj *-. T 

1- 
1 1   •   I 

i ■yi il 

»M •«t 
«T r » « r ^ t" 1- 

rvj ir ( (Ml    i • O ' U.' 
C"> 1- 4 114   4  + T 
i (0 in » o » o » H- 

jr T-l tn *-f c^ «» K^ 

in r a intM to imn • 
fv U1 w on''» •-•»-• n 

ry i\^ eg « ü^ ■< 
o oo o o o 

1     11    4   4   4 
K» »n inun in V4CD ,» ^ "O I** t» ^ -g 
4 O •  *4 OCMin 
(M •* ?A-T   ri r*0 

^ (0 
Ui 
(0 
I/) 

•                 I 

ft 
u > 

r: 

"y JMI'M « n n 
o c I ■ "• r ' r ,   -j 
■ II    4   4   4 

iD ^Ji^-  X(   »4 «"1 
(M >-l|«   »^^  CC 

ct:K>  --"C 
«"   KVl^  V   »H  —I 

^ N'M » ^ ^ 
■ ■■ .-  cj r. f ■ i 

I    II   4  4   4 
•o ■ooi o n o 
ip i" i(v » r K> 
o r-« f « ' > 
tf   V  K^ O   O"  »H 

r  •• 

!•    •     I>    •    • 

Q    •-   t-   X 4-   U 
a. a. a. i/> u) t- 
ai tu u »- 

> c   »- ►- x r- u • a »- »- x ►- a 
in a. 0- a. U) i/)i- 1- (M a a. a. u) irt »- 
^ LU   UJ O             l- ■fl -) in Ul   UJ O               1- 
*\ ^ 

1- 

.3 

4-98 

LOCKHEED   MISSILES  &  SPACE  COMPANY 



v 
LMSC-D244589 

I 
■« 
O in tu 

tu r 
es    — 

o 
o 

r 

1 
1 

c 

•-• M 
K 
1- UJ 
C 7" 
_l        13 •— 
a IT i* *- 

ui — 
c, ~ »- r- 
nja i- o 
n _' o _i 
■»  O -I X 
«j     a 
(/> «> Ci 

PJ I LU 
h-      u> cn 
at-^ a 
<tor < 
t~ -» — -J 
(AO. U. Ui 

n •<* 
.i . o 
a. 1- 

o « or _l ^H •< * OJ r^ "3 r- rv 
a U- o » 

TH (\j i». — *-* rt 
<c TH o p K « * 
o (TV <r Itr ~: K< r» » in o N (\j 
♦-! ^ *-» • 
•H i o >4 O o 
O r\ H ♦ h» ■3 
-1 f r f« ■-« <J 
■• ex o « CT ■ 1 
^( M .—> K> IfM o 
rr T 

<1 
»-» t« n 

— fvi P- « -a .- j»H -H »- lA Ul ir ^ ,•«• •^ 
7 cr 1° j« M 

_< CJ o r^ r o T lo r\ 
o o cn " 1 
t,1 

? t < cr ■« t (. 
ui v 1 ■« |M — 
a o 0. M 

^ 
tu 

fe ■• b» Ci Ü !•-. »— 
e o ■ri r- »" »- 
o o p^l [H .* 
(V a « o c z 
f> ~i -J t? O 
rp <r < 0 

c 
n 

H 
r^ a n »- -«1 

■• r-| ■1 1 < r 
CJ r- U — \m* •-* •— (M J aJ l- J: 
z lA r QC 
3 - > ■♦ I ) —• z LU 
a o 

«VJ 
o 
IE 

in 

K 
J 
a 

»- »- 

4-99 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



■^ 

LMSC-D244589 

SRI   EKPCR.'IENTS          »rwL-IR-68-56          NONLlNt««                                                       S3  AuG   T| 
RADIAL   DISPLACCMENT   AT   «   -   0,3   INCMtS  AND   THEIA   .     0  DEGREES 

Li I! ii n mi 11 mi! mi i mi . i inn ii ii ii IIIIII riTii mil rm r"nTT"rriTTrrrmTi niiii m n nnffl (rnTrnlti TnTTrrrr   ittr   rntrttrrrmTltrrl rr IJJr   III    iTh"'"nTrrrriTr liittrnlT 1T11+H PFltTrtlnmltr    i    t                           t   it    it ■ 't i" 'tin 11 1             n tffl ir   1         1  it T      t    1  nt   Ti    rttr    ntr  rrttti   ttrrrrn m M                               ITT                   t II lllllllll 1           t            -"mtt -rrrntt n                  n it  m    itl rTitr   mttrn 11   Itrnniii tlffl 
t     i             i                        r               Ml   "     "   \\^   nlT'_riTri11  11i           144 ot    1     I                        .                 T                                       t       it     lit       LL         I   L       lUl         1,    111   It     if               1 

N         '                       1                                            1 
i  [ii      "lIt                   t    1     r't     ' 1 r'' (itI '   rti      tltniTTiH 

n,                                                  1     ti   rt    L tc   LDJIL ttfchtttjjljtinjjjjjJ-UJ 1    1 IM       11     irr                    t    t     t   n      n     ri r     ittr   r^ 
il                                                                 rttr    it        i 

1     In it  '       I         1                rrT          t   it     "t   '   1" ! rtti'"r tritt Mtt   1   nltlffl II 1 11II11 1 Kl 11! i 1 1 111 i 1 111        1   >       i ' ' i i       ! i       11   '<   t'     i   ! i      <            II         in       <     |   r   il l j 1111111 

LniiU. iLLtkii ■ ftlf- ttt:::tü tctctttcütttcmn 
0,Kttttttt[ttfi'Sttt't ""TK L ft^pffl 

0 .00002 .0000* 0000« 00008 .00010 .00012 .000m .00018 .00018 00020 
RADIAL   DISPLACEMCNT   AT   X  >  0 6   INCHES AND   THCTA   .     0  DECREES 

R 
11. .02 

OH 

.06 

.08 

;; 

ü: 

;;; 
:;: ::;: 

::; 

.0      .00002     OOOON     .0000«    .00008    .00010    .00012     .00014     .00018    .00018    .00020 

RADIAL DISPLACEMENT AT X • 0.9 INCHES AND THETA =  0 DEGREES 

11 
S 

■K 
K -.10 

.12 

:: 
:i; 

.00002 .OOOON .000 .00008 .00810 .00012 OOOlt .00010 .00018 .00020 

4-100 

LOCKHEED   MISSILES &   SPACE   COMPANY 



v 
LMSC-D244589 

SRI   EXPERIHENT5          «rwL-TR-68-56         NONLINE»!)                                                  53  «UGH 
R*D1«L   OlSPLACEMENt   AT   x   .   1,2   INCHES   »ND   IHET»   .     0   DECREES 0 ;:::::::::::::::"::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::T::::::::T::::::: 

■ * "                                                                      T     ■" 
ns      C        ...        T T 

"   "" 1 " " '     ■ "        

m. 1 T+ , t- X -    ■  0M. :::!; _. ::::::::::;:: :  :::::: :::::   .  :::::::: t...... 
^                                                                                                                   i                     "t 

M ::::::: ;s::::::::::::::::::::::::::::::::;::::::::::::::::::::::::;:::::::::;::: ±;::::.±::::::::: 
S                                                                                                                                                   i         ~^t 

r 

08 :"""    5;'": ; :::::'"::::::::::"T ■;::": ■■:"■: — t  
"- — s ■■ —■■ ■   - ■•■ 

,0 :::::::■::■:;:::: :::::::::::: :;:;:::!::::;::  

't                                                                        »y;                                                        i • ' ' ' " '                           1 

.0                .00002             OOOOt             .00006            .00008            .00010            .00012            .OOOIM            .00018            .00018           .001 
RADIAL   OIIPLACEtCN!   AT   X   .   i .5   INCHES AND  THETA  •     0  DEGREES 

0   ::::::::::::::::::::: ::::::::;:::::;:::!::: : IT::::!:! i ...                                                                          rt     t 1 i:::::::::::::^:!::! 
oi    y                                                                                                                        ' 

:::;;:::::::::.::;:::::::::::::::::::::::::::::::::::::::: ::":::::::::";::::::""::::: :::::::  !     .. .: ; :::::.......:T .    .    :: :       ;                 :    .    .   . 

M////////:////://///:///////////////. i'.'.\:'.'.y///////////////////////////////.'.'.'.::::.'..:'.'..'.'. t'■'■'■'.'■ 
 S " " "     

^                                                                                              1 J                                                                                                  . 

::;::;:::::::::::;:;:;;:::::;::;:::::;::;;::::::::::::;:::;::;:::;;i:!;:::;:::::::;::::;:::::::^ 
  :s;;::;:::::;::;;:::::;;:::,:::; ::::::::;;5:::;:;:::::;:::;:::  :  

.00002 .OOOOM .00006 .00008 .00010 .00012 .OOOIt .00018 .00018 .00020 
RADIAL   DISPLACEMENT   AT   x   .   1.8   INCHES AND   THETA   .     0  DEGREES 

■ i::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::: 
^    L.     tu       ^          r"1,                      i,                  J                     L r     i-   ->. Y   r 

na . . S I 1  
'""^ "       -     
I:::!:::::;:::::::::;:::::;:;;::;;;::;::;::;::::::::::::::::::;:;:;:;::::::::::::::;;:::::;:::;::;:: 
:::::; 11:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::: 

a«:::::::: i;::::::::::::::::::::::::;:::::;:::::::;:::::::::::::"::::::::::::::::::::::::::::::::::: l|"               K                                                      Tr 
 1 " ■ ■ ' """ T t-  
 5 " ■ " ""        ■ ■  

M :::::::;::::i;::::::::::::::::::::::::::::::::::::::::::::::::.:::::::::::::::::::::::::::::::::::: 

 - t " ;;;;;;;.;;;;;;  
.„ ■; ■■■  "   ;:; :--. ... 
io                          ';■■■■              ■■■                                         ;: ■                                      ^, 

:::::: 
 :■;.".::::;:;... ..::.,,::... _  

12 :: :::: =  

.00002 .0000« .00008 .00008 .00010 .00012 .00014 .00018 .00018 .00020 

4-101 

LOCKHEED   MISSILES  &  SPACE  COMPANY 



^J 
LMSC-D244589 

5R|   E«P[RlMtNIS           AfWL    IB-6B-^6           NONl. 1NE *R                                                          il   »U&   "7 1 
B»DI»1.   DISPL4CEMEN1   AI   «   =   <-   1    INCHES   «ND   THET»   .     0   DEOBEES 

0 KJ11111111111111111111! 111! 1M 11111111111111! 111111111111111111111111111! 11111111111111 i 111! 1! 1111111 
ll                                                                             ' 
ml 

os                                                                        1   L                                                      N iJ               It                                         1                                                        M 
i\                                  i               L 
^                                  '                 <                                               1             1 

n « 1 I 11 J ^' ' ' ' ' ' I ' ' ' 1 ' ' ' ' ' ' '  ' ' 1 ' '  1 i 1 1 1 1 1 1 1 1 I 1  i  1 1 1 11 I  ' ' 1 1 ' ' ' ' 1 1 ' ' ' ' 1 M I 1 1 1 1 1 I 1 1 I 1 ' 1 1 1 1 I 1 1 1 1 1 1  1  1 1 ' ' I 1 1 ' ' 1 1 1 

; ft                                        l                                        t               i 
11   1  f K '      1      11111111   1 11             11111     IM      1   1 

i     1     N   1               1    1          I           l      1       11            M'' M N                                                  11111111111111                        11111,' i           H                                                                I     i 
00                            Pi                                                                                                                                                  ' 

J                                   -                   I                                Til         .'                      ' ym L  mmyi^ 
H+H-UhH-hhH-HfkL                  hH+ffh       hH                      hhhH+hhb^^k^htfFFFrrntt^HUl 
n                      irH                                  t                  HnT           IM mtHl U                                        UKTTI               I I .,111111 M III 111 llll llllll lirrrtfuiU II1II1 llllll tlill lltllt IIILWrTI I lltl 11II It tilt 1, III 1 Mill! Ill III 
HHHII111111111111111111H11111111 h WFH-hH^bübhbLiWHtn 11111111111111111H111! 1 l+WWH+Hfl 

^ 

00002 0000« .00006 .00008 .00010 .00012 .000 It .000 IB 10018 .00020 
«»DIAL  D1SPHCEMENI   «T   «   ■  a.M   INCHES  »ND   IMEU   ■     0  DEOBEES 

P 

08 

-.014 

.06 

08 

.10 

-.18 

Ü 

:::;= :i'.: 

.9 .00002    .OOOOM    .00006    .00008    .00010    .00012    .0001«    .00016     00019    .00020 
R»DI»L DISPLACEMENT AT x ■ g.l   INCHES »ND THET* • 0 DEGREES 

!i .02 

.OH 

.06 

.08 

.10 

12 

* 

+ M-1-I4 
.6 .00002     OOOCH .00006     .00008    .00010    .00012    .0001'«    .00016    .00018    .00020 

i 

4-102 i 

LOCKHEED   MISSILES   &   SPACE  COMPANY 



'S 

LMSC-D244589 

SRI   EXPER1MCNTS »rHL-TR-68-56 NONLINEAR 23   »UO   TI 
R»DUL  DISPLACEMENT   «T   t   •   3  0   INCHES  »ND   THET»  .    0  DEGREES 

!l -.02 

-.OM 

-.06 

-.08 

-.10 

-12 

-AH 

;:; 

N 

::::::s 

IWl'l um 
.0 .00002 OOOOM .00006 .00006 .00010 .00012 .OOOIM .00016 .00018 .00020 

R«OUL   DISPLACEMENT   AT   X   -   3.0   INCHES   AND   THETA   •   10   DECREES 

•ffl 

!i -.02 

-.ON 

-06 

-.08 

-.10 

-.12 

'ii 

::;;: 

.00002     .OOOOM    .00006     .00006     .00010     .00012    .OOOIH     .00016     .00018     .00020 
RADIAL DISPLACEMENT AT X ■ 3 0 INCHES AND THETA • SO DECREES 

-.02 

ON 

.06 

-.10 

rHMUll1 

.Uüa02    .0000*«    .00006     .00006     .00010     .00012     OOOIH     .00016     .00018     00020 

4-103 

LOCKHEED   MISSILES  &   SPACE  COMPANY 



*ö 

LMSOD244589 

SRI   EKPER1MENI5          «rwL-TR-68-M           NONLINEAR                                                          Bi   »UO   T1 
»»DIAL  DISPLACEMENT   »I   «   .   3   0   INCHES  AND   THE TA   .   3(1 DEGREES 

* HIHI 'Hill II MUH      Hill ' H'HIIIIIIII ''HIIIH     1 "' HIHI llllllll ' Uli 
N        n       i   1                                   1              r  "'      1 r i   1           11      11 
m                               '   '                   '        '" 'WWW 

Wim            1                                                    H             1                                 IT 
'   Is H                            M                           H                  !          i 

Q, 1  1 1 1 { ! y 1 { 1 I 1 I I I 1 I 1 I 1            1 1 I I             1 1 1 1 1 1 1 1 1     '  1 1 1 1           1 '  '        l 
' 1111 N11111 ' 11iii      'Mi!     ' 1111i 1111    in        i   '    in    iii111    iin iiim !HU11ii11 iini     Mini i II iiiiiiiiii i HIHI      11    iiiiiu   iiiini! inn  iNil i        1M i         ill       i r i 11riiII 1      1 rj        M ' !   i ii       1111! 11     'I 

HI          I         ''11 til          UjiilU      Ml 1111        ir '1 rr" i rIII I    1111111"   till 06   11 rl' "i rN          11             Urn'    '               tl    '' 1 Hi  r       '                 trit'" t t tntr" tin 

liJ     .                             Tiii       , J-'litnl   lllilli. 
oa           .   .     liJ                                                  '               r'       nil                   'TWJ 

'          llrH'          H      HUJ                '   '  1      '               r    ill 
Hill  llll   r !   !H    L"JI111      :I   IllrmlJ   JJ-Hil      II     1  III!     Hi!''      Ill 

.00002 OOOOM .00006 .00008 .00010 .00012 OOOIN .00016 00018 .0'J020 
RADIAL  DISPLACEMENT   AT   X   -   3  0   INCHES  ANO   TMETA   .   40 TLOREES 

•R 

-.02 

.OM V 
s 

.06 z. 
.00002 .OOOOM 

RADI 
.tiOOCW .00008 .00010 

AL  DISPLACEMENT  AT   «   .   3.0   INCHE 

.00012 .000114 .00016 .00018 .00020 
S  AND   THETA   ■   50  DEGREES 

-.01 

.02 

.01 

OH 

^ 

^ 
;::; ::;;: IV: 

5; :\V: 'M m ::; 

illl m 
.00002 .OOOOH .00006 .00008 .00010 .00012 .0001« .00016 .00018 .00020 

4-104 

LOCKHEED   MISSILES   8c   SPACE  COMPANY 



■  ■    m T- 

«0 

I 

LMSC-1)244589 

SRI   E«PEB|MCNIS         »rHL-TR-66-%6          N0NLINE4R                                                      83  «UO   T1 
R»OUL   DI5PL «CEMENT   AT   «   •   J   0   INCHES   »NO   IHET»   ■   60  DEGREES 

It'           i                  i i i i i : !                           '                     1                      1 1 i-t-"'                 ^ " s                              ! t ' i ■ 1 
' i' ""   .:_...:h:L:.::±Lm: .::::::;::::';::_::::t:::::::;:^S::::::;:::::::^:::.::::.: 1^1 

1                                      .                                                               1          '-'-                  I         M                           ^ "T                                   M                           .                    r'              ITT                                \ y 1     .:         1     r 'P  nir    i  
at. \\      ,    , \.        II Li.              --      Jf ■ -i          TlTr    I            t     \      liTTT 0     T                     \\\\:                   ../    _ .   .Mi      _       .._ \ 

Y     ]    ,i    .    HI     -  '-- -       ■   '■  r 
'     |   I f1--      litlt'    ' ' 'J''' T          fI     '   [tin" " —r" ' vitittl 

0'\.    r1 .11 -- -.JJU / ili         i      hi . i    .      .11 :  Ui  iffl ■-■--- -y-H ■ ■---;               I            *           t  :                                i    r                                                 N 
■   ■■(;■]     |   |             j| |)       '■ ,,■       ... | j. ... , j, - ., [ [ j it —           "'       I'll i n 
■   ■ ' ' «J      " '            ' t 1    '  ' '                            '                                     '                                      1    ' 

s .   .               1    l /                     i                i '              i  1                                        ........J li J 
iL.            ,11111''                   11        1      L              11111       1                             -■■-!-1 1111 

 " :■;::;.— "IJfp   - -    p "'■ -Mf   ■}"■ ■■T'Tm 
.•                .00002            .OOOOS            .00006            .0000«            .00010            .00012            OOOI«            .00016            .00018             OOC 

R»DIAL  DISPLACEMENT   AT   «   .   3.0   INCHES  AND   THETA   ■   10 DEGREES 

.02 

.01 

E 
?' 

^ 

•• s 

-.01 
:: 

:il. 

.09 

OM 

.01 

.02 

.01 

.00002 OOOOH .00006 .00009 .00010 .'■ 0\l .00014 .00016 .00018 .00020 
RADIAL DISPLACEMENT   AT   x   .   JO   INCHES «ND   THETA  .  90 DEGREES 

?-- 

;•; m 
ii! 

-; 

;'■ 

:V: 
X 

00002     OOOOH    .00006    .00006     .00010     00012     OOOlt     .00016     .00016    .00020 

I 4-105 

LOCKHEED   MISSILES   &   SPACE  COMPANY 



~v y 
LMSC-D244589 

SRI   E'PCRinCNIS          »rHL-IB-68-56          NONLINEAR                                                       a3»uC.Tl 
»»DIAL   OISPLACEMENI   AI   t.   .   JO   INCHES   AND   IMETA   ■   90   DEGREES 

1                                                                   '                    Ijttt^ij''                                        i                            *                      h*              '               1 1   i j                    !_                       '                        1                                 '111 

i                                          TiTi   ?                       1                              %.     tl . i                                              TtTl 05 JU-li L.;..: .....piLLLU :::=,..,,; ., iffl 
 1—I —I "httl*!"   1  i—r'^tiiif " \"  '*» "r1       httl 

 r        tiiilT ' v: 1'■■' rr—1'" 1"   '' " T    r■»: ■ tft   ._.^__l^  ^  .L LL... pi          ■-- >^-»-H 

'              rf      1   i                                 '                i  ''    ''                                      Hn 
* "1^       J L L L    L ' XiTi I          ^L,     i           Ti(             j           i           !    i {^ j '' ■    '1.      LI           It             s                11 I) 

v*-^                     -fr        P1        -                 | [ 1                            j                       j              "">                 i               ^                     t                i^T"^                         "*                    ■ill 

j                                                *                                        l_Li_                                   '                                         i                                (                                                                                           1 L_i 1 
fl                                       L-fl                                                                                           1                                   t               M 

It |q                               'I'                                               1 
n ::::::-^:::::::::::::±flIlUll,... -[_: .: „L. ,::::::LE::::::L:::::::.::-:. iLU 
' .0                .00002              DOOOM            .00006           .00008            .00010             .00018            .0001«            .00016            .00018            .00 

RADIAL   DISPLACEMENT   AT   x   •   3   0   INCHES   AND   THE'A   MOO   DEGREES 
06    ■ .... ..    J     .       .i.i^tiL.       .:,'.-'.:'.  '■■■.^-■_-i -   -rf ;:L:t±tt:±     UX--  1111 

T    ::.        ::    :—zttitau.. ..'..          -.-....-i—^ — [tutitti"i:tu       --  t t 
;.::.:..:.;..:..;.:;: ":.;:±.t±:L..2.:;.":."";":"::'.".: = ;:::"".":_::Lt^:"."..:   44-U 

 fl P - - -a" = :[:h -  mi 
ON - -■■■■jftt c:::::::::::::,:: ::::t:::::::£!::::::::::::::::5:;: iW 

1                                                      i     M    1                  1                            1                     '    T   f                     Ml                        '                                  L""'                 11 
:   . ..   "    ■ ■ .'^BL" ."";—  L i": ilitl't'.' " '     '.'.'.'.'.'.'. *.'.', Till 

Ds                                             /     \\\                        '                  '     '                                                            \JTTl 
. •                                ^                                         ,                                ■"■■■■■■                    1              "N r'                      1                                                                    I                      ,          ii                             !>          j  v     rrl r  T               f   r             - ■ ttri 

as             , .       ..           <         ,.   i] .....    ....   -L.... J      h.   .,        ; tl   .         ,  .      iTTI 
/;                                   ,'                                       .    .            :       i 
/                                                                                                           ■■          1                                         "111            "          "                  M                                                          1 

J                                                       1   ' 11                                                                                       S            i                    I                        i    '       l       '                            ^      ^                                                                       1J 1_J 
o ■■" ■■■" ': ' ' ,      ;   ";;";   11   :   t c   J — T!"' 'Trrrrr — ..---...-    ,          i i 

■   ■             3                     t                                             I                          ■      ...... 11 
2.                           I '                                          '           tttttt  Ti                                It ::       .":::::::tt t    :;:::::::: :— ;t       :tctt: :     :; :   —  ttn 

. :i:::::i;::::::::::::::::   B ::!:::::::: ::;::::::::! :::::i::::::±;::::::::::::;:ffl 
.0 .00002     .00004     .00006    .00008 

RADIAL DISPLACEMENT AT « 

.00010   .00012   .ooom   oooie   .00018   .00020 
3   0   INCHES   AND   THEIA   .110   DEGREES 

00010 .00012 .OOOIX .00018 .00018 .00020 

4-106 

LOCKHEED   MISSILES  &   SPACE  COMPANY 



^ 

LMSC-D244589 

5R1   EXPERIMENTS »rML-IB-6a-56 NONLINEAR SI   »UO   11 
HiDUL   DISPLACEMENT   «T   »   .   30   INCHES  »ND   THET4   .|J0  DEGREES 

.0 .0000? OOOCN .00006 .0000« .00010 .00012 OOOII 00016 00018 00020 
R»DI»L   DISPLACEMENT   »T   x   •   3,0   INC   £S   »ND   TMCT»   -ISO  DEGREES 

.02 

.01 

7- 
n: s-  -/ 

;v 
]± :v 

;:;:: 

;;- 
-.01 

±;:: ;: 
;;?: 

.0 .00002 .0000« .00006 .00006 .00010 .00012 .0001«» .00016 .00018 .00020 
R»DI»L  DISPLACEMENT   »1   x   •   3.0   INCHES  »ND   IH£T»   -IMO DEGREES 

m 
;;;; 

^: 
.01 

;:: 1-: 
01 

02 

.03 

?.'■ 

Is: :53 
.00002 OOOOM .00006 .00008 .00010 .00012 OOOIt .00016 .00018 .00080 

I 4-107 

LOCKHEED   MISSILES   &   SPACE   COMPANY 



■«r 
^ 

LMSC-D244589 

'    .   t»PER|MtHIS           «fML-IH-BB-W          N0NLINE«R                                                       ^3   »UGTI 
R»DI«L   DISPHCEMENt   «T   <   •   3  0   INCHES   »ND   THEU   »150   OEGBEE5 

iti tin tt in i tttt tin it t I'tmi iiTi"vi'it m in nni i mi II lit 11 it tut II II i^ tti ti t in 11 tit 11 ttn «.i 111111111111                kr           i   iJ             i i                            111' 11111 ^ 
-ill          ''   r>J 

I IT   111       t              N                         1                                                              J mil                                      l4                                                                       1 t     1 4-n IMIILU-WI                                          N  nt       I                                                               Ulf 
m 111" IIITi                             TIT IJ tit It 11   t  tti tin    111 111 nt ttntttmltn 1     'M   111   'HI IM       1    1           t        |              LfI] 

11 M I M ! il i i i ! !! I I I i i ) i i I) i !1 i !II i 1 !       11i !1!11 * 1M!i1!!!1' 111M M ' i i 11 i i I! i i 1! Ii'M ii!11\A\ tit'   t: i 1 
oi                                                      !                N                                             11 W1      !I t   11                                                    1    n4         I                           I    m   t M         !                I     1               11       I            !            Kl 

111 i i I i 1111' 11111111111 i 11 [ 111 ] 11111, I 1111111111111NI 111111111111 I i 11111 < l i 11 i 11 kl 11 1111 i 111111 
1 ] 1 l 1 I 1 1 1 |   1  I 1 | 1 1  i 1 I 1      i   j I  | 1 i I  1 I ] 1 i [ .      '  1 1 1   1 ( 1 1 t l  1 l I j l i W l 1 1  i 1 1 1 '  1  1 I 1 l 1 1  1 M i 1 1  '  i 1 1 I 1   I 14 1 1 1   [ 1 

II        11  11 T   11 1  1 nJ              M 'M^     ' 1^ 
1 M 1 11 111 1 1 1 1 ' 111 I 1 1111 1 11 1 1 11 1 < 1 11 1       111 111 1111 111 i 1 II il 1J 111 1 i L11111 ' 1 1 11 1   1   1/1 11 i 1 11 11 1 1 1 1 11 1 I I 1 1      11          t          1              1    n J11- t •     ' i 11' il 

!                              H      11^   i   1 'A\ n i 111 111111 1111! i 111111 11 i i 11 111111 ,   1111 111111 11111 111111 111 rki 11 11 i <   ,:, j i i i 111 1 i 111' 1111 i 1 1 i 11 i 1 ^lyiUUii-lliw ImMJilJ-iW 
.00002     OOOOM     .00006    .00008    .00010     OOSii     .00011     00016     .00019    .00020 

R»DI»L DISPLACEMENT »I x • 3 0 INCHES »NO IHtl» .160 DEGREES 

00020 

.00001     OOMB 00010 OOOH    .00018     .00018     00020 

4-108 

LOCKHEED   MISSILES   &   SPACE   COMPANY 



"S v 

LMSC-D244589 

SB I EXPERIMENTS 
04Ü1« 

ArHL-IR-6e-56 NONLINE»« 
L   DISPL »CEMENT   »T   x   .   JO   INCHES   «NO   TMET»   .| 

^3   «UO  11 
BO   DEGREES 

z 
4 

Ü 

/- 
:>.: 

/- 

::i: >'■ 

-.01 -/ 

-< 

.ooooe   .OOOOM   .ooooe   ooooa   .oooio   .00012   .oooix   oooie   .00018   .00020 

4-109 

LOCKHEED   MISSILES   &   PPACE   COMPANY 



LMSC-D244589 

Section 5 

REFERENCES 

1. National Aeronautics and Space Administration, An Improved First-Approximation 

Theory for Thin Shells, by J.  L. Sanders, Jr. , NASA Technical Report R-24, 

1959 

2. "Nonlinear Theories for Thin Shells," by J,  L. Sanders, Jr., Quarterly of Appl. 

Math. . Vol. XXI, No.  1,  1963, pp 21-36 

3. The Mathematical Theory of Plasticity, by R. Hill, Oxford University Press, 

London, 1964. Chapters II. Ill, XII 

4. Xaman Nuclear, CYLINDER. A Computer Program for the Inelastic Dynamic 

Response of Orthotropic Cylindrical Shells, by R. H. Franke, KN-67-533(R). 

Sept 26,1967 

5.   , Further Results in the Inelastic Dynamic Analysis of Cylinderical Shells, 

by W.  F. Hubka. KN-67-452(R). Sept 8.  1967. 

6. Lockheed Missiles & Space Co., Nonsymmetric and Nonlinear Dynamic Response 

of Thin Shells. Vol. I. User's Manual for STAR (Shell Transient Asymmetric 

Response), by W. Silsby, L. H. Sobel, and B. G. Wrenn, LMSC B-70-68-19, 

Dec 1968 

7.    , General Inelastic Response of Layered Shells, by J. M   Massard, 

LMSC L-41-66-12, Sept 1966 

8. "Shells of Revolution Under Arbitrary Loading and the Use of Fictitious Densities 

in Dynamic Relaxation, " by A. C. Cassell, Institution of Civil Engineers. 

Proceedings. 45, pp. 65-78, Jan 1970 

9. Lockheed Missiles & Space Co., A Large Deflection Transient Analysis of Arbitrary 

Shells Using Finite Differences, by R. D. Krieg and H, C. Monteith, presented at 

the Conference on Computer Oriented Analysis of Shell Structures, Aug 10-14, 1970 

5-1 

LOCKHEED   MISSILES  &   SPACE   COMPANY 



"^ y 

LMSC-D244589 

10. Sandia Corporation, Unconditional Stability in Numerical Time Integration Methods, 

by R.  D.  Krieg,  SC-DR-70-400,  1970 

11. "The Brittle Strength of Orthotropic Materials," Uy O. Hoffman, J. Comp.  Matls. , 

Vol.  1, No. 2, Apr 1967, pp. 200-206. 

12. "Analysis of Buckling and Vibration of Ring-Stiffened Segmented Shells of Revolu- 

tion,"by D. Bushnell, Int. J. of Solids and Structures. Vol.  6,  1970, pp.  157-181. 

13. Stanford Research Institute, Response of Reentry-Vehicle-Type Shells to Transient 

Surface Pressures, by H.  E.  Lindberg and G,  E. Sitter, Technical Report No. 

AFWL-TR-68-56, June 1969 

14. Ostrowski, Solution of Equations & Systems of Equations, Academic Press Inc. , 

London, 1960, Appendix D 

5-2 

LOCKHEED   MISSILES  &   SPACE   COMPANY 

I 



■^7 
^ 

IWERDEPARTMENTAl C0/W»^UNICATION 

TO SHORE Users DtPT./ 
OI10N. 

UDO./ 
ZONE 

PIA NT/ 
fAC 

DA«      2/19/ ,3 

FROM 

SUBJECT: 

DEPT./      ^2-33     BLt,G/      205      '(^NT/        2 
OkGN. JJ    ZONE fAC. 

Philip Underwood 

Supplement I  - User's Guide to the SHORE Code   [l] 

'+5^1 

Introduction 

This  supplement to reference   [l]  is to provide  additional information  to users 

of the  SHORE code with regard to  recent changes  and  added capability.    The  changes 

and  additions are:  l)  more  points  through the  thickness  for two-layered shells   in the 

plastic regime,  2)  three-diraensional snapshot plots of all computed response quantities, 

and  3)  temperature-history forcing functions with material properties  a function of 

temperature. 

First there is  a brief  discussion of the new features  and then the changes in the 

input  data  are presented.     Items  1  and 2 are  available  on  the  file PGU*SH0REG.   and 

items  1,  2 and 3 are  all available  on the file PGU*SH0REF.     Please  note  all old input 

decks will work with the new  versions  of the code. 

Discussion 

The  new formulation for two layered shells was  implemented because many shells  of 

interest have a very thick outer layer  as compared with the  inner  layer.    So now for 

the   inner layer the  stresses  are  still computed at three  equally spaced stations   (tvo 

sublayers)  through the thickness.    For the outer layer the  stresses  are now computed 

at five equally spaced stations   (four sublayers)  through the  thickness.    Hopefully, 

this  increase  in the number of  stations  through the thickness will increase the  accur- 

acy of the  integrations performed to determine the resultants  for cases  involving two 

layered shells. 

The  three-dimensional plotting capability is provided by  an LMSC developed package, 

DRAV.73D  [2].    The  set up for using DRAV/3D is done  in subroutine THREEP which is  called    - 

at the  times the snapshots   are desired.    The  capabilities  of  DRAW3D ere quite  versatile, 

but  in THREEF the  calling statement for DRAW3D has been  specified for only one  viewing 

angle .     Also only the  radial displacement plot has the  accompanying minimum and maximum 

cross-sections.    Anyway if the user wants to change the  three-dimensional plotting 

roim LAC 20) J-'S 



it can be done by reading the instructions for DRAW3D [2]. This report is available 

from computer operations. Also both KDT and NDP must be greater than zero to get a 

three-dimensional plot and if you try to plot a function with all zeros you will get 

a blank frame. 

The thermal history terms, which are a huge addition to the code, are described 

below. 

The strain in the shell is composed of two components, one the kinematic (strains 

due to shell deformation) and two the thermal (fictitious strains due to thermal ex-

pansion or contraction). The kinematic strain is denoted as 

e, . = e. + zK. 
k,i 1 1 

where i takes on the values 0, 0, 09. These are equations (2.1-2) in reference 

[l]. The thermal strain is denoted as 

eT,i = ai(T " To> 

where i takes on the values 0 and 9, a is the coefficient of thermal expansion, 

T is the reference temperature and T is the current temperature. It should be 
o 
noted that T is a function of 0,9,z and t (the shell coordinates and time) so 

that, 

T = T(0,9,z,t). 

The total strain becomes for 0,9 and 09 coordinates 

't " H * lK?s + °i (T " To> 

% " 6« * lKe * "e (T " To> 

e v = Zri~ + ZK „ E09 09 

In terms of stresses we have 

= / + "9 t ek,9 " Q0 + "9 ~t ao) (T " To ) 

s-y 
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CT9 = ;rsM + v^ ek^ \roe + i;0rff0/(T 'To) 

CT0e = ^ e0e 

where     p, =  1   - l'(/
u
0-     (llote  that  these  are  equations 2.1-3)  of  reference   [l]  and 

equations  (2.1-3a&b)  are  incorrect   in  reference  [1].) 

Briefly  and simply,   if  the temperature  increases vith time we  have positive 

thermal strain which produces  a negative  stress  (compression).    When the equilibrium 

equations  are   solved the  compressive  thermal stresses must be  relieved by kinematic 

motion,  hence  the  shell vibrates  about some new equilibrium position that corres- 

ponds  to a balancing of the  stresses  in  the equilibrium equations.    The  code output 

for  strain  includes only the kinematic portion  (i.e.,  what would be measured by a 

strain gage)   and the output for stress  includes both the kinematic  and thermal 

stresses  as  these are the  actual  stresses in the shell. 

The computational sequence  is   identical with that developed for the beam equa- 

tions  used in TBEAM and TBEAM2  [3]-    First in the input data one  can specify all 

the  shell material properties  as   a function of temperature  through  a tabular input. 

The  data can be  specified for eight  different temperatures.     Additionally the tem- 

peratures  as   a function of    0,9  and z    can be specified for eight  different times, 

t,   through the  standard matrix read. 

During the response calculations the temperature for the  time  and spatial lo- 

cation  are  determined by  a table   lookup procedure using linear  interpolation between 

the  input data points.    From this  temperature value the  shell material properties 

are  then determined by table lookup.    At this point the thermal terms in the strains 

and stresses,   as outlined above,   can be computed and then the response calculations 

proceed with the additional thermal terms. 

The temperature matrices  are   stored on a disc  and only the  values currently needed 

are pulled into core.    The material properties array is stored in core  so only a few 

additional  storage locations are  required for the thermal excitation terms. 

S-- t 
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In],ut Data Instructloa Changes 

Cardg 1 and 2 

a) AG before two heading cards are read. 

b) As before the first card appears on the tiir.e-history plots. 

c) Now the first ^3 spaces on the second card appear on the three-dimensional plots 

d) As before both cards appear on the printed output. 

Card 3 

The meaning and use of PTEMP is  different,  now: 

a) ITEMP  = 0    no thermal terms  considered 

b) 0 < ITEMP s ^ then ITEMP indicates the number of times at whicn the temperature 

matrices are going to be input (i.e., if your temperature-history is describable 

by four time points,  ITEMP  =  h) . 

Card  16    (E10.3,  15;   %, E10.3,  15) 

Where now PLT, HFLT, SPLT, HPSP are read. 

PLT  - plotting time intervals ~ sees. 

NPLT - 0 no time-hi story plots 

5 ininiature plots only 

7 full and miniature 

8 full only 

SPLT - spatial plotting intervals ~secs.,j      KDT and NDP 
«™,„  „      ^. -,  i . (      must both be 
NPSP - 0 no spatial plots > 4.  4.v 

1      greater than 
> 0 spatial plots '      zero. 

Cards 23 

If     ITEMP  = 0    no cards  are read 

If     ITEMP >  0    the following cards  are  read in 8E10.3 format: 

a)    TEMB(8)   - temperature values which correspond to the material properties 

below;  the temperature  values must be in increasing steps. 

^-; 
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of HUF corre.jpor.ding to above temperatures 

of NUT corrospor.ding to above  temperatures 

of EX corresponding to above temperatures 

of ET corresponding to above temperatures 

of GG corresponding to above temperatures 

of SI corresponding tc above temperatures 

of S2    corresponding to above temperatures 

of S12  corresponding to above  temperatures 

of ALFHAX corresponding to above temperatures 

of ALPHAT corresponding to above  temperatures 

of SZ corresponding to above  temperatures 

of H corresponding to above  temperatures 

of S3.C  corresponding to above temperatures 

of SIT  corresponding to above temperatures 

of S2C  corresponding to  above  temperatures 

of S2T  corresponding to above temperatures 

of S12S  corresponding to above temperatures 

(i.e.;   a tvo layered shell cards  aa-qq are  also read,   for the  outer  shell 

of IRJTA corresponding to above  temperatures 

of KUPA corresponding to above  temperatures 

of EXA corresponding to above temperatures 

of ETA corresponding to above  temperatures 

of GGA corresponding to above temperatures 

of S1A corresponding to above temperatures 

of S2A corresponding to above temperatures 

of S12A corresponding to above  temperatures 

of ALPHAXA corresponding to above  temperatures 

of ALFKATA corresponding to above  temperatures 

of SZA corresponding to above temperatures 

of HA corresponding to above  temperatures 

of S1AC corresponding to above  temperatures 

of S1AT corresponding to above temperatures 

of S2AC corresponding to above  temperatures 

b) NUPD(8) values 

c) 1WTD(8) values 

d) EXD(3) values 

e) ETD(8) values 

0 GGD(8) values 

£) S1D(8) values 

h) S2D(8) values 

i) S12D(8) values 

:.') ALPHXD(3) - values 

k) ALPKTD(8) - values 

1) SZD(8) values 

m) HD(8) values 

n) S1CD(8)  - values 

o) S1TD(8) values 

P) S2CD(8) values 

q) S2TD(8) values 

r) S12SD(8)  - values 

If KSL = = 2 (i .e ., a t- JO layer 

layer). 

aa 1IUTAD(8)  - values 

bb NUPAD(8) - values 

cc EXAD(8) values 

dd1 ETAD(8) values 

ee GGAD(8) values 

ff ) S1AD(8) values 

66 S2AD(8) values 

hh ol2AD(8)  - values 

ii ALFXAD(8) - values 

jj ALFTAD(8) - values 

kk ) SZAD(8) values 

11] HAD(8) values 

mm S1ACD(8) - values 

nn S1ATD(8) - values 

oo] S2ACD(8) - values 

s-r 
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pp)    S2ATD(8)     -    values  of Sr:AT corresponding to above  temperatures 

qq)     S12ASD(Ö)   -    values  of S12./\S  corresponding to above  temperatures 

End of cards  for the  outer shell layer 

s)    TIMT(8)   -  time  values which correspond  to  trie  temperature   arrays  below. 

The time  values must be in increasing  steps.     A zero time  and temperature 

array must be  included.    If you want  a  step  change  in  temperature,   zero 

time must correspond to temperatures before heating and then  at   time   - DT 

;'nput  the tempera-ures  after heating.    The number of values   of TIMT  input 

mus+   equal ITEMP. 

t)    TXTL(l,J,L)   ~ matrix format 

The   above  temperature  array is   read  for each time  input in TIMT. 

I   =  1,  NDP+1+NFREE  ,  0 coordinate 

J  =  1,  IIDT+l  ;  0 coordinate 

L = 1,  NLAY3+1     (L = 1 is  the  inner fiber),   thickness 

Cards  30   (l2I^;     NLSP   - Spatial Plot Array 

If IIPSP > 0  two new  cards   (right  after cards  29)  are read. 

Where  if NLSP(l)   -  0    no plot is made 

or NLSp(l)   = 1    a plot is made 

where  the 1JLSP  array  corresponds  to 

NLSP^l) - radial displacement 

HLSP(2) - meridional displacemc 

ULSP(3) - circumiferential displacement 

NLSP(^) - outer fiber merd.  strain 

KLSP(5) - inner fiber merd •  strain 

WLSP(6) - outer fiber circ.  strair 

IJLSP(Y) - inner fiber circ.  strain 

NLSP(8) - outer fiber shear strain 

IJLSP(9) - inner fiber shear strain 

NLSp(lO) - outer fiber merd.  stress 

NLSP(ll) - inner fiber merd.  stress 

For the  radial displacement you will get 3 plots   (includes max  arid min  cross-sections); 

all others  are  just  1 plot. 
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NLSP(12} - outer fiber circ. stress 

NLSP(13) - inne r fiber circ. stress 

HLSP(lU) - outer fiber shear stress 

NLSP(l5) * inner fiber shear stress 

NLSP(I6) • - merd. moment resultant 

KLSP(IT) • - circ. moment resultant 

NLSP(18) • shear moment resultant 

NLSP(19) ' - merd. stress resultant 

NLSP(20) • circ. stress resultant 

NLSP(2l) shear stress resultant 

NLSP(22) - radial pressure 

NLSP(23) - merd. pressure 

NLSP(2l+) - circ. pressure 

Don't forget tho @FIN card at the end. 
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SUBJECT, SUPPLEMENT II - USER'S GUIDE TO THE SHORE CODE [l] 

This supplement is tc provide formal documentation of the restart capability that has 
^en,a?del-t0 t h e S F 0 R S C0de" 7118 Production version of the SHORE code is available on 
the file PGU*SHOREH. -

The main new feature is the restart capability. Other changes include details of the 
plotting for better use of storage, that should not really affect the user and slight 
changes in the r.onlinear formulation of the equilibrium equations. This later item 
should only produce very slight changes in answers; if you observe manor changes in 
answers please notify me. The date of the last revision is now printed out on the first 
a^ew°listing ' I f ^ °0de r e v l s i o n d a t e chanSes it would be advisable to obtain 

iS i d e n t i c a l t o t h a t described in [1] and [2J except for two changes in 
Card 15 which are necessary if you want to restart. 

Card 15 (5E10.3, 15) DT, TT, PRINT, ESPT, START, NRST 

DT - integration time step (sec) 
TT - total time (the time span for this run) (sec) 
PRINT - printing time intervals (sec) 
ESPT - time left in run before plotting will start 
START - the time at which this run begins (sec) 
NRST - restart flag = -1 starts from a restart tape 

0 nothing 
1 writes a restart tape 
2 starts from a restart tape and 
writes a restart tape 

If you are going to write a restart tape it is wise to include the two following ©MSG 
cards just before @XQT. 0 

®MSG N0TE TAPE T0 BE ASSIGNED DURING RITN 
@MSG,I N0TE TAPE T0 BE ASSIGNED DURING RUN 

&r• St!rtinS f r ™ a r e s t a r t y™ ®Mt read in the input data deck with the 
appropriate changes m Card 15. Also the following control cards are needed, 

£ASG,T RESTART., l6N, XXXXX 
©USE 16, RESTART. 

where XXXXX is the tape number ot the restart tape previously generated. 

NOTE: All tapes are 9 tracii 

Fottn U C 2CI 
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From one run to another you can change the following input data: 

(heading) 
(print out flags) 

(fracture stresses) 
(fracture stresses) 
except DT (DO NOT CHANGE DT)! 
(plotting times and flags) 
pressure data* 
temperature data* 
on CARDS 28, 29 or 30. 

1) Anything on CARDS 1 & 2 
2) Anything on CARD 5 
3) IMD on CARD 6 
U) Anything on CARD 9 
5) Anything on CARD 12 
6) Anything on CARD 15 
7) Anything on CARD 16 
8) Anything on CARD 22 
9) Anything on CARDS 23 
10) Any of the plotting data 

*Avoid a discontinuity between runs, but you can add information for greater 
times that may occur after a restart. 

Finally, the restart tape will only be written if the job is successfully completed up 
to the start of the plotting operations, i.e. all the shell response calculations are 
completed. 

REFERENCES: 

[1] User's Guide to the SHORE Code, by Philip Underwood, IMSC-D2W*589, 30 Jan 1973 

[2] Supplement I - User's Guide to the SHORE Code, 19 Feb 1973 
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Introduction 

This supplement is to serve many purposes: l) provide documentation on plane 
strain and strsss ring analyses with the SHORE code and improved estimates of time 
steps, 2) a status report on what areas of the code have been studied this year, 
3) a report on areas that still need work and U) a discussion keeping the code up 
to date and a better system for eliminating errors in the code. iopefully the items 
discussed under 2 and 3 will spark some interest in users as the developer would like 
to farm out some development work in hopes that some fresh ideas will help some old 
problems. 

Ring: Analyses 

If the two-dimensional version of SHORE is used for ring analyses (i.e. NDT=0 
and IAX=-l) one may set the input data up to do either a plane strain or plane stress 
analysis. The plane strain analysis would be representative of the midpoint behavior 
of a long shell loaded uniformly along the length. The plane stress analysis is repre-
sentative of what is physically thought of as a ring (i.e. a very short free ended 
shell) . It should be noted that the ring version of SHORE, SHORER, that is occasionally 
used is a plane stress analysis. The following input procedures should be followed for 
plane strain or stress. 

A) Plane Strain 

GG (shear modulus) = 0.0 
EX (0-direction modulus) = 0.0 
NUP (0-direction Poisson's ratio) = 0.0 
SI (0-direction yield stress) » > S2 
S12 (shear yield) » > S2 

Also to obtain the correct meridional strains for the plane stress case, some changes 
in subroutine STRESS are necessary. 

1) The statement DEPP = DEPP1 + ZZ*(... ), which is located two statements after 
357 CONTINUE, should be deleted and right after DEPT is calculated the statement 
DEPP = -NUTB*DEPT should be added. 

Discussion 

GG (shear modulus) = 0.0 
S12 (shear yield) » > SI & S2 

B) Plane Stress 

Form LAC 201 
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2) Right after CALL INELST add 

SFT = 0.0 
STS =1.0 
STS = SIGN(STS,DEPT) 
IF (L.EQ.l) EPP(lI,JJ,l) + -NUTB*EPT(lI,JJ,l) 

-( .5-fWTB)*(EPT(lI,JJ,l) - STS*S2B*RETB) 
IF (L.EQ.NLP) EPP(II.JJ.2 = -NUTB*EFT(II,JJ,2) 

-(.3-NUTB)*(EPT(II.JJ,2) - STF*S2B*RETP) 

(If you are not interested in meridional strains there is no need to make the changes 
outlined in 1 and 2 above). 

Time Step Calculations 

In reference 2 more accurate expressions for computing the time step for stabile 
time integration are given. These expressions will eventually be placed in the SHORE 
code but until they are the user may want to check the time selected against the better 
expressions that are given below. 

where At is based on extensional frequencies and At^ is based on flexural frequencies; 
Atg is usually smaller than Atf and the smaller At must be used. 

Also; h = thickness 

-1/2 

, (As < RA9) 

and 
-1 

C2 = Eg/p(l-v2) 
O 

and C = Eg/p(l+v) s 

Status 

Status may not be the correct word for this section but somehow I wish to convey 
to the user a couple of things that are considered to be deficiencies in che code and 
several areas of study that would add to the usefulness of the code are discussed. 
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Deficiencies 

Two areas that have not been treated adequately are the spatial grid and the 
boundary conditions for nonlinear problems. 

The spatial grid problem pertains to the fact that all the stresses are needed 
at the same pivotal point to solve the plasticity problem. As pointed out in the 
manual the grid is .just shifted so all the stresses are computed at the same pivotal 
point. This shift reducer the accuracy of the shear expressions. Indeed if one put 
a torsional load on the end of the shell the SHORE code would not obtain a very correct 
answer; the result would resemble the case of an axial end load shown in reference 3-
By averaging the derivatives in a certain manner this problem can be minimized to 
some extent; this has been done in the present SHORE and hopefully even better in a 
newer version of tie code now being checked out. As a sidelight the nonlinear kinematic 
terms are also affected by the manner in which the derivatives are obtained. During the 
past year the nonlinear portion of the code was completely rewritten and to the best of 
my knowledge at this point in time is as accurate as can be considering the grid and 
shell equations used in the code. One interesting approach to this problem somewhat 
follows the method used in multi-dimensional wave propagation (references U and 5). 
Here one would use u, v, w and w' as independent variables with u, v, and w' at the 
corners of a quadrilateral grid with w at the geometric center. This of course implies 
a rotary inertia term tc obtain the w' and this may involve smaller time steps than are 
now required. Anyway, the spatial grid problem has been briefly outlined, I am still 
working on it, and the user should be very careful of problems involving direct inplane 
shear such as applied torsion. 

Now, on to boundary conditions; as many of you are aware the boundary condition 
solution fails to converge for large nonlinearities. This same problem also occurred 
in the beam codes and was solved by including the nonlinear term in the initia^ guess 
for the displacement at the boundary. When the same approach was tried in the SHORE 
code two problems occurred. One is that shells are complicated compared to beams and 
second, the beam code uses total displacements and the shell code uses displacement 
increments. The nonlinear problem is much easier to solve with total displacements 
so a new version of SHORE based on total displacements is being checked out. When it 
is running satisfactorily the addition of the nonlinear terms into the boundary conditions 
will again be tried and hopefully the problem of boundary condition convergence will be 
cleared up. 

Neglected Study Areas 

Various areas that would add to the SHORE code are briefly discussed. Hopefully 
the user may have some interest in these areas and can contribute to the evolution of 
the code. 

Storage - A more efficient use of core would increase the size of problems that 
could be studied and probably reduce costs for small problems that do not require 
large core storage. 

Plasticity and Fracture - The plasticity theory used should be improved to more 
accurately represent actual stress-strain relationships. Preliminary studies along 
the lines of references 6 and 7 have proven interesting and someone may be interested 
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in continuing them. Reference 8 provides a significant step in evaluating engineering 
plasticity and it also provides many areas for continuing work. Work in fracture is 
wide open to anyone with ideas. 

Segmented Shells - Once a boundary condition technique that is "fool proof", at 
least to some extent, is available a natural extension is to segmented shells. This 
would enable the study of discontinuity stresses at the junction of various shell 
geometries. 

Time Step - n criteria for the critical time step for nonlinear equations is 
needed to eliminate the need for running problems with very small time steps just to 
ensure stability. 

Rings and Stringers - A provision for analyzing ring and stringer stiffened 
shells would be valuable. 

Dynamic Relaxation - This techniques provides a way to obtain static solutions 
from a code that uses an explicit central difference time integration scheme. Some 
ground work has been done but there are still many unanswered questions before this 
technique will be useful as a production analysis method. 

Code Updating 

In the future new versions of the code will be' announced on the print out of the 
current production version of the code. The new version will be described and the 
file name given. The old and new version of the code will be available simultaneously 
for approximately one month. If for any reason the user wants the old version it will 
be their responsible to make their own file for it. After a new version is announced 
I would appreciate it if users would start using it for non rush jobs (if there are such 
jobs at Lockheed). If no difficulties are encountered start using the new version 
for everything. 

Over the years I have learned that it is impossible to write a large computer 
code without including errors. To help me eliminated errors as fast as possible call 
me if the error needs urgent repair. Otherwise send me the run with the error and I 
will try to repair the code. Actually in either case if you send me the run with the 
error via the computer courier it is a great help. Secondly, if thr.re are parts of 
the code the user feels are useless let me know and if there are things that would 
be more useful let me know. Hopefully, I can increase the useful and cut out the 
useless. 

Philip G. Underwood 
Structural Mechanics Laboratory 
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