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FOREWORD

The preparation of the data presented in this report is authorized under the
terms of Amendment No. 1 to Contract AF 04(647)-840, dated 12 June 1961,
and is in compliance with the tasks set forth in the Agena B Standardization
Study Work Statement.

The subject work statement is reprinted verbatim in Pages v through viii.
The "tasks' referred to thrbughout the main text of the study are listed on
Pages vi and vii; however, it is recommended that the work statement be

read in its entirety so as to be fully acquainted with the ground rules upon

which the Agena B Standardization Study is based.
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AGENA B STANDARDIZATION STUDY

— : . WORK STATEMENT May 161

- PURPOSE:

ST This work statement defines the study and design service o be furnished by

- . the Lockheed Missile and Space Division to establish the Standard Agena B
configuration. ‘

i BACKGROUND : ’

The Agena vehicle, at present levels of development, exists in many slightly -
! altered configurations. These configurations, in some measure of structure or
- components, can be traced back £o the original WS 117L Program. Concepts of
. operation formulated at that time still guide most of the development that
| presently appears as components in the Agena. A preliminary review of program
- requirements and vehicle configurations indicates that, to a large measure,
recent activity to optimize the Agena for the respective missions has been
— effective mainly on the vehicle assembly level., For the most part, all pro-
__! grams operate with the same equipment or slight modifications thereto with
variations in numbers (for redundancy) or in location in the vehicle. Due to
- differences in installation deslgn that have come about through program opti=-
i mication, there is now avallable a large variety of possible equlpment instal=
- Jations and structural designs which are already qualified. The merit of study
o of existing engineering and selection of a standard configuration encompassing
| all programs offers obvious advantages in economy and reliability.  The estab- -
d 1ishment of a Standard Agena B would hobt &1iminate the need for continuing
development in most of the programs. Those programs which are limited by
— mission objectives to a few flights also recognize the desirability of progres-
l sively increasing the capacity of the Agena in terms of factors including
- reliability, performance versus cost, and proper time phasing. This need 1is
expecgted %o be fulfilled in two manners, (1) by permitting development of
__1 mission-peculiar equipment as an integral sub-assembly and (2) by maintaining
»- a block development concept of the Standard Agena bringing in appropriate
product improvements, which might include propellant change or function
- simplification, on a regular schedule compatible with production scheduling

__l and qualification status..
" OBJECTIVE:
! ,
- This study shall establish an Agena B vehicle that will completely fulfill those
: functions which are common to most programs in an optimum manner considering
I total mission requirements. These mission requirements include, in addition to
- performance; reliability, economy, maintainability, operabllity, and produci-
; bility. All are desirable effects that can be associated with the production
— of standard vehicles. Since a 1ow level of unknowns is an inherent part of

! . shtandardization, existing engineering and qualified components will be used
where possible. The Standard Agena B will not be a standard flight vehicle
N in all respects, since it is recognized that specific functions dictated by
J ‘ unique mission requirements cannob be forced intg an arbitrary standard.
However, dependent upon space available, allocation of space to satisfy those
L___ functions is permissible as long a9 such space allocation does not dictate
{ the design. An example of this is the capability for installing the re-~

pressurized system.
’ v
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Agena B Standardization Study
Work Statement

TASKS: °

Specific tasks to be performed include the following:

1. Review 21l programs and identify all functions performed by the Agenadin .
sufficient detall That independent components or circuitry can be identi- . - . -

fied or deduced.

2, Classify these functlons by degree of use:

a. A1l programs (common)
b, Most programs {common)
c. Few programs (dissimilar) -

3. Classify all components used for common functions in the same marner as

L. Identify the following:

a. Common functions for which common components or circultry exists.

b. Common functions for whiéh common components or circultry does not
exist. "

¢+ The point in the functional chain of common functions at which
uncommon c¢ondltions commence.

d. Those components or circuitry which perform common functions and
are mechanically identical but electrically dissimilar, !

5. Identify any modifications necessary to permit common functions to be
: perf_ormed by common components. - .

6. Perform preliminary design effort to define the following configurations.

a. An Agena B vehicle that is derived by collecting those functions
necessary for a mission requiring only ascent operation., The com- :
ponents used shall be common as far as possible and shall include
those standardizing modifications of Task 5 as much as possible.
Functions and components expressly for orbital operation shall not
be included. ' ' ,

b, A standard Agena B that includes all common functions with the
' " inclusion of the standardizing modifications ‘established in Task .
Design techniques used shall permit orbital operation for those .
~ nmissions requiring such operations.

. 7
(1) Consideration should be given to accessibility, producibility,
and maintainability. A wooden mock-up will be made to explore '
these areas, '

vi
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- Agena B Standardization Study
Work Statement

7e  Using the configurations of Task 6, an engineering estimate shall be made
of the additional equipment and structure necessary to perform those
- functions required by each program mission. L

2. Basls for this estimate should be use of components already deéigned
or built where practical, i.e., repeat of common components for the
redundancy function or use of bolt~on structural elements from any
progran, : . '

8. Comparison of the configurations established by combining Task 6 and Task 7
with the present programmed configurations in terms of rerformance para-
meters applicable to the individual subsystems. 5
a. Emphasis in this comparison should be.between the Standard Agena

(Task 6b) and the present programmed vehicles. , L

b. The comparison of configurations established by combining Task 6a and |
7 with present configurations should be conducted only with missions |
requiring the Agena to perform strictly as an ascent vehicle.

9. Submission of a cost and time estimate involved in rerforming the modifie
catlons described in Task 5. .

10.  Submission of an ROM for the engineering and manufacturing effort associated

131. Alterations to the support equipment and launch facilities resulting from
the modifications identified in Task 5 will be itemized. The extent of
this effort shall be limited to an engineering estimate of the effect of
Task 5 on this equipment., ' ~

GENERAL CONSIDERATIONS:

For this study, design effort except aé"specified shall be limited to formulation
of design concepts necessary to allow standardization of all'Agena subsystems,
Change of system concept is not 2 part of this study.

Velicle wiring is to be considered as a component in the study; however, the
FunctIon 3% TulfilTs should be stated In Terms of other subsystem functions.
An example is that Subsystem D control wiring is a function to be handled by
the wiring system. -

Structural skin and web thickness variations should not be considered as making
Those components urncommon for Task 0a. In Task 6b structural variations should
be considered as modificatlons. In"dl1 Cases, variaiion in location of equip-
ment within airframe components is considered as grounds for determining that

- equipment installations are dissimilar,

EOCKHEED AIRCRAFT CORPORATION . s
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Work Statement : ;

Payload installations requirements of Task 7 are not to consider the ext,ernai_l.v:;----f.j-;s- e
structure which may presently exist as the limiting condition a;cept that a PPN

reduction in available volume or shape is not allowed.

Solar array installation on the aft eciuipment rack in accordance with present T

" engineering is an allowable exception to the objective of mission-peculiar % -
functions not dictating design. However, such exceptions must be readily R
removable at a manufacturing joinb. . :

PARTICIPATING AGENCIES

It is expected that numerous informal contacts will be made during the ‘pariiodr;
((Jf th.}s study. The Air Force cognizant office shall be the Agena Division
S3ZA). _ ' _ . _ .

PERFORMANCE PERTIOD:

This study shali be completed within three months from go-ahead date.

RESULTS AND REPORTS: ' o T

The result of this study shall be s verbal and chart presentation to AFSSD ,
at a time and place to be later established., Twenty-five coples of the document -
" summarizing the study, and containing the task results, will be delivered to
AFSSD at least one week prior to the presentation.

viii
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. SECTION 1
INVESTIGATIVE TASKS 1, 2, 3, 4, 5, AND 11

INTRODUCTION

The data resulting from performance of Tasks 1 through § are grouped by

major vehicle subsystems.

The results of two or more tasks are combined on a single chart where :

feasible in order to avoid unnecessary repetition.

I .
The necessary modifications to the Aerospace Ground Equipment resulting
from the standardization of Agena vehicle equipments are listed in Table 1-12'

in compliance with the requirements of Task 11,

-1

STRUCTURES - | o

The requirement for providing maximum equipment accessibility results

in an entirely new design émpproach for the forward and aft equipnient racics;
consequently, a listing here of the numerous existing major structural
components of the several programs is not considered necessary.  All of -
the Standard Agena structure is new with the exception of the propellant
tank, '

A full description of the proposed structural configuration and a comparison
with the several program structural configurations are presented in

Section 2 of this report.

1-1
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PROPULSION

Tasks 1 and 2 (See Table 1-1)

¢ e e b b e o sz

LMSC-448564

The majority of the program functions are common during the ground and

ascent phases of operation, however, the orbit and recovery functions are

dissimilar. The main engine second burn is a common function in the

ascent phase of operation, but it is a dissimilar function in the recovery.

phase. The task is accomplished by the same basic engine with only a few

components added for the delayed restart.

It is actually the element of time

that makes the recovery second burn function a dissimilar one.

Task 3 (See Table 1-2)

A great number of the propulsion components are dissimilar due simply to

the location or installation of the parts.

These differences lead to z

dissimilar routing of tubing and wires which produces an uncommon system,

Most of the programs use solid propellant rockets for ullage orientation,

however, some programs use secondary propulsion for this function. The

programs using secondary propulsion alsoc have orbit adjust requirements

which are satisfied by the same system and are not presently suited to the

use of solid propellants.

W

Tasks 4 and 5 (See Tables 1-3 and 1-4)

Simple modifications of existing components will provide common equipment

for almost all of the common program functions supplied by the propulsion

system. A relocation of existing parts is the most frequent modification

required. The ullage orientation function must be supplied by optional equip-

ment employing either solid propellant rockets or liquid propellant secondary

propulsion systems.

1-3
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The same basic main engine can supply the needs of all the programs with a
few simple optional components The same engine that is used for a BJ.ngle

start can be used for a restart misiion by adding a second start can and an

oxidizer fast shutdown pressure cylinder. This engine can also be used for :

the dissimilar delayed restart function by adding a simple auxiliary lubn-' .

cation system.

The delayed.i:estart system also requires the use of isolation valves as
optional equipment. - This special case demonstrates that some existing
components can be modified to provide common equipment for both common
and dissimilar functlons. The propulsion functions of all the programs can

be performed by a set of common’ components with a few optional items.

1-4
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Table 1-1
"PROGRAM PROPULSION FUNCTIONS

©
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!
oo

. DISCOVERER MIDAS ApvENT | FROJECT FROJECT 101B PROJECT 102 || PROVECT WASR
Deg. . . ~ -
FUNCTICN u:t 110 1115 n#% 1200 120h 1209 1501 2120 2202 2203 2207 2210 230 2312 2401 § 60011 601§ 6201} 6301
.
SROUND
-I Majin_propelland £311 a]) b 4 X x k4 x x x e x. 1 x x ¥ x x z x x, x
11 Presaurization i1} &1l b4 X X X X X X X x x x x x x x X X x x
IIT Pyrotechpic inatallation all x X x x = z T x X x T X T x < x x X x
v Seqond, D
Propellant £111 Loar X x x
¥ Secondary, propulsion press
system f411 Loy x x. x
ASCENT
I | Provide Agena destruct syat, {all X % X X b4 b4 x X, x I P b x X x T 4 T x
11 Booster Agena separation
HBooster Agena separation Jall x % X X X, 4 x X, X x X x X e x. X x X X
Booater retro velacity all, x x x X x X, x X X x x X X x X X x X X,
11T | Eject fairings and shrouds  Ja33 X x X x X X x x x x. x x x x x x x x x
kvl Presaurization .
Progsure_supply all X % x x X x - x X X X x X x. x x X. x x
Prasgure yegulation al) z X X X X X X T X, x X x x x x x X x x
Prossure pelief all x x X X X X x x X I > x x x x x x x ¥ x.
¥ Provide Agent First Burp
Ullage orientation a1l X x X x b x = X x X X, b4 x x. x x x x X
Engine stort *4a1}, x x x x x X x X x x x x T x x T x x x
Engine smtdown a1l x X x z x x % x X, x x x x . x x x x x
¥I Provide Agena Second Burn
Ullngs_orientation most x (1) x x x x Y x x. x x x
Engine start most x x x x x x X X x x
Engine shutdown most. x X x x X b4 X % x x
¥II_ | Procellant Dumping :
Fuel vent moat x b S x X 4 X k4 4 b 4
Oxidizer vent most. || x x x x x X x X b 4
GEIT * i
1 Orbit Adjust faw x x H x
RECOVERY {l
T Dela sna Second ‘ 1l
Re-pressurization fow H x x x x x
Uldage orientation Tex x x x x X
m X X X X X
Engine mimtdown fow x y x x x
MISCELLANEOUS I =
ew I

Favlog%d 'gpgxg&ggg Retro
romuuss vizea (1) Ullage rockets only ar

burn immulse

e uskd for 112 sacord
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: Table 1-2 2
PROGRAM PROPULSION FUNCTIONS AND COMPONENTS
- DISCOVERER MIDAS ADvEHT | OV PROJECT 1018 PROJICT 102 hor. NASA
DEG.
" FUNGTION OR COMPONENT Ugg 1119 1115 1123 1201 120k 1209 1501 2120 2202 2203 2207 2210 2101 2312 2401 [6001 | 6101 | 6201 |&301
GRCUND
I Main Prepellant Fill all X x X, X X x {74 x x x x x, X, x x x x x x. x
305291-503 Lew x
309291-505 fax x X x
1309291-5C9 fow x
1309291-511 faw x
~. 1317451501 few x x
1319560 N few : x x X, X
13328L5-501 few x
1325553-501 few T x_|x
1309291-515 few x x .
II [ Pressurization Fill a1l x x X X x x{2)] x x- x X X X X X X X x x b.4
1309607-508 fev | x ‘ :
1305807-507 few x x x ! . 2
1305302 few x )
132L607 few x B
1318L2] few x X
131178 faw = x
131955 . few x x x z
133537 ' few P X
132322501 ~ few X.
1325722-505 few X, x X
ITT [ Pmotechnic Installation 8ll x b4 X X x x x x x x x x b4 X x X X X, X
IV | SPS Propeliant and ~-
Preasurizatlon Fill few x X b4
1322968 few x x
11329956-501 faw X,
ASCENT
I Provide Arena Destruct Sys, all x x x x x x x x x X X x x X x x x x. X
A.  Safe and arm all .} x x x X x x x x X X b4 x x x x x x x x
1060598-1 few x x x X
13122891 most x x x x x x x x x X, x x x x X
B, Shaped Charge all x x x x x x x x x x x x x b4 X x x x x
16625691 all X x x X x x x x x x x x x x x x x. x |x
IT | Booster Agsna Sevarstlon all x x X x x X x x X X X X x x x x x x x
A, Beparation Squibs all x X x x x X x x x x x X x X x x x x x
B. Booster Retro Rockats all x x x x X x x x x x X = X, X x 2 I X x
10620101 all x x x x x x x x x x x x x X x x T x lx

ToRM MeD 117ey ;1_2) Rew equipment part numbers not assigned yet,
vaedl R AT ;
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Table }-2 {Continued)

»

PR PROJ FROJ
DISCOVERER MIDAS ADVENT | 1014 PROJFCT 1018 PROJECT 102 201 NASA
K DEG.
.., FUNCTION OR COMPONSNT UCSH; 11¢ 115 1123 1201 120k 1209 1501 2120 2202 2203 2207 2210 2301 2312 2401 | 6001 | 6101 6201 [4301
ASCENT {Continued)
IIT | Eject Fairings & Shrouds -
. Previde gquibs g1l X x x F3 X X x x X x x x x x x X x x x
I¥_| Preagurizatloen all | x ] X. x x x x x x x x x 3 x x x x x lx
A, Presmure  Supply. all X x X X X x X X £ X x X X X X b4 X x X
L 1062170 few x x x X x X
1062170=5 feu b4 x x x x x x X x X z x x
1062161-1 few x X x X X x
B, Regulatich and Hellef all X 4 X X (3 x X, X X, X x X, k4 X b4 X x x
- 1309807-505 feow X ’
i 1309807-507 few | x x x
1389302 few | X
1320507 fow x s
12 few x x x x x
1331868 few L=
1319553 fow : > x x X
1335376 few * ' x x
132322h=501 few - x
1325722505 Lo x x x
¥ Provide Agena First Burn all X x "~ x x X X x x x x x X x x x x X x X
A, Wllape orientation all x x x x x x x x x X x x x x X x x x x
10H 2655 : few | x :
1062655=13 : moat x x x x x x x x x % x x x x x
1322948 (SPS) few |’ 1l x x
1325956.501 (3PS} few ' x
B. Maln Engine,Start and all x X, x x x x x x x x x x x x X . x x P x
Shutdawm ' i -
1062656-1 1 few - ' x
1062656=13 faw x x
1062686-5 few x X x x x X X, x x x
1028567 fau x X X
1062656-9 Loy x x DI <3}~ «(3) x(3)

romawss vt (3) The {~9) engine is the (-G} engine with en suxiliery
lubrication system added to it.




Table 1-2 (Continued)

| LMSC-448564 .

Lo

- j PRO
DISCOVERSR MIDAS ADVENT 222;‘ « PROJECT 1018 PROJECT 102 201_J NASA
DEG.
OF 1110 1115 1123+ 1201 120k 1209 1501 2120 2202 2203 2207 2210 2301 2312 2401 | 6001 | 6101 § £201) 6301
ASCENT {Continued) - ;
YI_| Provide Apena Second Bum most, x x x x X b4 X 1 X X x
A, MNlage Orientaticn most X X b 4 X X x. x X x X
1062659-3 few x X x x x X x x
1322968 {5PS) few . X x -
B, Main. Enging Start and most, x x %X % x x x x x X
Shutdowm .
10626551 few x
10626665 mogt, x x x x x x x x x x
»
V11 | Propetlant Durping most | x x x x x x{2) ol x X X
1309291-503 few x x
1309291504 few X X b4
1309291-5C% fow X
1309291-511 feu x
1309291-515 few x x 3
QRBIT,
I Orblt_Adiust fow x x x
1322968 few x X,
1325956-501 fow x
RECOVERY .
I B-elaved Agena Second Burm Lew x X x b4 X
A. Repressurization few ~- x X X x X
1319553 few - x X X X,
132322}, -501 feu x
B. WMlage Qrientation few x x x X X
1062655-3 few x x X x
1325956501 few x
C. FEngine Start and feir x b x x X
Shutdown J
1062656-9 few =T x0T x(3)] x(3} ={3} :
B MISCELLANEQIS :
T Payload Separation Betra |_faw >3 :
1O62R5E-3 Leos >4 £

FORM MED 3 {731
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" Table 1-3

e U JSR  N  T  T  B

P P s |

IDENTIFICATION OF COMMON FUNCTIONS
. . Point 111
Common Dissimilar Function Chain Modifications to
Common Components | Components| Where Uncommon Permit Common
Phase Function Exist Exist Cond. Commence " Comp, Usage
Ground | Main Propellant X Components Single f‘ill_:Points
Fill and Lines For All
Programs
Pressurization X Components Single Sphere And
Fill - Common Location
For All Programs
Pyrotechnic In- X -| Installation of -
stallation ' .| Squibs {(Location
. 1 And Number)
Ascent Provide Agena X Installation of
Destruct Component
Booster Agena a. Installation of
Separation Squibs
a. Separation X b.  Installation of
Squibs Retro Rockets
b. Retro Velocity X
= Eject Fairings and X Number and Position )
Shrouds (Provide of Fairings and
Squibs) Shrouds
Pressurization X a. Components a, Provide one
a. Supply - Sphere with Com-
mon Location For
: _ All Programs
b. Regulation and X b, Installation of

Relief

Components

$9585 = DS
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Table 1-3 (Continued)

Pojint in
. Common Dissimilar Function Chain Modifications to
Common Components |Components Where Uncommon Permit Common
Phase Function Exist Exist - Cond. Commence Comp. Usage
Provide Agena
First Burn _
a. Ullage X a. Components a. Provide SPS and
Orientation Solid Ullage Rock-
ets as Optional
. Equipment
b. Engine Start X b. Everything
' Common
¢. Engine Shut- X c. Components: c. Make oxidizer
down Fast Shutdown
Optional ‘
Ascent Provide Agena Sec- '
ond Burn
a. Ullage X a, Components a. Make SPS and
Orientation Solid Ullage Rock-
ets Optional
Equipment
- b. Engine Start X |b. Everything .
Common
¢. Engine Shutdown X c. Everything
Common
Propellant Dumping X Components Provide Simple Dump
System For All
Vehicles
Orbit No Common
Functions
Recovery | No Common -
Functions

968~ DSIT




NOLYIOAOD VIV dIzHND@ET

-

-

NOISIAIA 3DVdS PUD STUSSIW.

I1-1

e e , Table 1-4 : ‘ _
- UNCOMMON FUNCTIONS WHICH SHOULD BE INCLUDED IN STANDARD AGENA )
Point in

Function Chain

-

Common Dissimilar

Common
Phase Function

Recovery Delayed Re-

start
a, Repres-
surization

b. Ullage
Orientation

c. Engine
Start

d. Engine
Shutdown

Orbit Orbit
Adjust

* The orbit adjust requirement is only used on a few vehicles but its components are a part of the
secondary propulsion system which is used for the common function of ullage orientation.

Components Components

Where Uncommon
Cond, Commence

a. Components

b. Components

>

¢. Time and One
Component

d. Everything
Common

Function

Modifications to
Permit-Commeon
Comp. Usage

a. Make Isolation
Valve Optional
Equipment '

b. Make SPS and
Solid Ullage Rock-
ets Optional

c. Add Auxiliary
Lube as Optional
Equipment

d, No
Modification

None#*

$9C8EP-DSIWT
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ELECTRICAL POWER SYSTEM

Task 1

A review of all programs identifying all functions performed by the Agena
in the Electrical Power System category is portrayed on Table 1-5, entitled
"Electrical Power System Primary Functions.!" Six basic programs,
Discoverer, MIDAS, Program I, Program 201, Advent, and NASA are

covered..

The nuclear category of prime electrical energy source is listed to indicate

future developments and will not be discussed further.

Task 2

Table 1-5 also points out the degree of mutuality or dissimilarity that exists
in requirements for the various functions in each program, and between -

programs.

Task 3

Classification of all major compénents used for common functions in all
programs, together with their degree of use, is documented in Table 1-6,
"Electrical Power System Primary Function Components.

™

Task 4

Identification of the degree of use for the various components is shown

in Figure 1-1, which can be discussed as follows:

a. Common functions for which common components or circuitry
exist are as follows:

Prime Electrical Energy Source, Prelaunch
Unregulated DC Supply

400 cycle 3 p§ Supply (AC)

400 cycle 1 § Supply {(DC)

Secondary Batteries for Destrucy Purposes
Main Power Transfer Switch

1-13
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. b. GCommon functions for which common components or circuitry -

-

LMSC-448564

' . ‘ ' .;" T :
A function or component is common only if it applies to all ' '
programs and vehicles.

do not exist are as follows: -

Electrical Energy Storage
Regulated +28. 3v dc Supply

-~ Regulated -28, 3v dc Supply
Electrical Energy Distribution
Signal Energy Distribution
Radio Frequency Energy Distribution

Pyrotechnic Energy Distribution SRR L DI - [

Test Point Distribution LT

c. The point in the functional chain of common functions at which " _
rl—-

uncommon coenditions commence will be listed for each of the
common functions:

(1} All vehicles must of necessity have a primary electrical
energy source. However, uncommon conditions occur
immediately upon consideration of program missions.
For example, the MIDAS Program uses solar arrays for Tt
this function, while all others use one or more of a ; .
number of types of primary batteries or a basic nuclear .
source. All of these are dependent upon the total power -
and program requirements. .

(2)  All vehicles require storage of electrical energy, however
conditions of loading vary greatly so that different bat-
teries are used. The long-life vehicles in the MIDAS
Program employ four secondary batteries Type 1A. In
other programs, the primary batteries can be condidered
to also store electrical energy. : ‘

(3) Electrical energy supply and conversion is common in
several respects to all vehicles, until the payload
peculiar conditions are considered. For example, NASA
Advent, and Program 201 employ the same 110 watt plus =
28. 3v dc regulator. The remaining programs, with L
one exception, require the 350 watt size of regulator. i_‘
The same URCOINON conditions exist for the two sizes of .
minus 28. 3v dc regulators. The guidance and control :L
system for all programs excluding the Discoverer, i
requires two special +28. Ov dc regulators, one for the !
horizon sensor, and one for the velocity meter. The 1
Discoverer Programs use a computer which requires
precision 0. 1% 400 cycle per second alternating current. _ : _
Anocther class of power supply scheduled for general ' :L

{

1

[

f

use on the Discoverer 1123 and up, and planned for
MIDAS 1209, is the dc to dc convert?r type of regulator
to furnish * regulated 28.3v dc power. These vehicles. .
will not use the central 2000 cps power system.

1-14
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Energy distribution wiring harnesses, whether they are for -
"electrical, signal, radio frequency pyrote'chnic, or monitoring’-
functions, are common insofar as the function is concerned
but are all d).sslmxlar between vehicles,

d. Components which perform common functions a.nd are mecha.ni—
cally identical but electrically dissimilar are primarily in the -
category of state-of-the-art improvement items. For example,

. the Type IB three-phase 400 cycle inverter differs electrically
from the Type IA as it contains a built-in load limiter and has
a frequency stability of 0. 001% (an improvement of five times .

. over the JA). Type IVA and IVB 2000 cps inverters use a
push-pull transistor-type output circuit while the Type IVC
uses a bridge circuit for improved reliability. The IVD model"
of this inverter has a built-in load-limiter and improved in-

‘version efficiency owing to the use of a pulse-width-modulated -
voltage control circuit. "Primary battery Type I includes a
built-in diode in the positive lead, while the Type IA battery
does not include this feature.

Task 5 .

Modifications necessary tc permit common functions to be performed by -
commmon components consist, with one exce_ption, of standardizing on
essential functions and components. T; t}‘n'.s must be added the necessity

of recognizing and adopting state-of-the-art changes and the evolving:poxirer ‘

requirements of the later vehicle designs.
i L

Only one component used in the electrical power system will require modifying.
The Type X dc¢ to de converter regulator (+30/-15w intermittent} will require
removal of the 350 watt intermittent portion and repackaging to provide

the required +30/-10 watt regulator. ”

The watt-hour battery requiremenfs extend from 232 to over 27000 watt-

~ hours per migsion for short-life vehicles, The exact amount depends upon

the mission, One battery would, in many cases, have adequate capacity.

Howe_ver; the need to provide some isolation for the electrical power system

. dictates that at least two batteries be used. With the large numbexr of quali-

fied ‘primary and secondary batteries available, it is possible to meet all

requirements without difficulty, For ascent purposes, two Type VIA batteries
" .

would meet all needs. In other cases, where less power is required, two

1-15
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\
1

Type IV batteries could be used with a saving of twenty-two pounds. Battery

_selection is somewhat analagous to deciding the amount of control gas

carried. Long-life vehicles will efnploy Type IA secondary batteries witha .

" solar array. Type I secondary batteries are used for destruct purposes,

It is apparent from a brief study of the power consumption figures listed 1n
Task 3 that the requirement for 2000 cps power is generally being reduced
with the mtrqductmn of the more recent de51gns. For example, Discoverer )
1123 and up, Advent, NASA 6101, 6201, and 6301, Program 201, and MIDAS
1209 do not use this type of power. In most cases, 2000 cycle power is

used to energize the central 28-volt dc regulators, Dc todc converter
regulators, substantially the same as the TypeIX and X used for Discoverer
1123, can replace the 2000 cycle system for most applications. Early
model FM/FM Type I telemetry transmitting equipment uses about 80 watts .
of 2000 cycle power while the later Type II equipment operates directly from
the unregulated dc bus. Program I, 2203, uses 2 watts to energize a
magnetic a.rnpliﬁer circuit. The simplest type of modification would be to

employ 400 cycle power for the above purpose

It will be necessary to use a common set of components with standard
options for each vehicle in order to provide a standard wiring harnegs. In

" order to have a reasonable amount of flexibility, it will be necessary to
have completely independent wiring modules for the power distribution,
signal distribution, pyrotechnic distributie"n, radio frequency distribution, .
and test point distribution. Harnesses will have additional connections for

6ptiona1 component wiring.

Wiring harnesses are being handled as a module for prefabrication purposes.

Each module will be, color coded accordmg to its use, as follows:

Red Pyrotechnics
Black dc Power
‘i Brown ac Power
White Ground Return /
1-16
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Orange . Telemetry

Purple _ Command

Yellow . Test Wiring

Black h Radio Frequency Cabling

Most plugs and sockets will be of the flat type with two rows of contacts, in -
lieu of the present round type. Inspection will thus be facilitated, weights
and size will be reduced, and the later transition to prefabricated flat cabling =

will be fac';litated.

1-17
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’ ,,\, e . Table 1-5 - : _

.. ELECTRICAL POWER SYSTEM PRIMARY FUNCTIONS .
- ' TASKS 1 & 2
.
- ; DISCOVERZR IDAS ADVENT PROGRAM T PROJICT 102 | oon -
Deg.
. of J1110| 1115 114 1201 120k 1209 1501 2120 2202 2203 2207 2210 2201 2xn2 2401 J6001 | 4101 | d201(8301
. FINCTIONS Usa '
I Brime Electrical Epergy Source]
Huglear few
LA Chemical most § x x x . x x x x x x x x x x x x | x
Solar few X X, x
Prelaunch all X X X x % x x X x X x % x x x X x x x
i1 Electpical Fnergy Storage all x x X X x x x x x x x x X X x x x x X
- 11Y | Flectrical Energy Supply and -
Conversion *
Unregulated 22-29,3V 0OC All X X x x x x X X x X x x x x x x x x x
Regulated +28,37 I'C a) x x x x x x - x x x x x x x x x x x x x
Regulated ~29,3¥ OC all | x x x X x X x x x x x x x x x x x x |x
L00_cyele 115 VAC all I x x. x X X x - % x x x x X x x x X 3 x X
2000 aycle 115 VAC most § x x x x x x x x X x
Regulated 328,0V DG moat, X X x s X x x x__2? x x x x x x x x_ |x
1v Electrical Energy Distributlon‘all x x x x x x x x x x X x X X X, x x x X
. ki Signal Energy Distribution all % X X x x x X X x X x X x x x x x x x
L Radio Frequeney Fnerpy .
Distribution all x x x X x x x x x x X x X x x x x x._ Ix
> —
VIL | Pyrotechnie Energy Distr, _|11 x x x X x x x x x x x X x x x % x | x x
- VIIN Test Point Enerpy Distr. -n'l.‘l. x X, x x x % x x x x x X X x x X X x x

: Q§]19



oot T [0 o \ | | Lhusc-tssed

H - ]
¥ !L'r-‘_"w-:.: ita

QOB ‘ Table 1-6
ELECTRICAL POWER SYSTEM PRIMARY FUNCTION COMPONENTS
PROGAAM
DISCOVERER . MIDAS ADVENT PROGRAM I PROJECT 102 201 NASA
Deg. B 1 .
FUNCTIONS ~~ COMPCNENTS . of [1110] 1115 | 112 | 1201 1zch | 1209 1501 - | 2120 | 2202 2203 2207 2210 | 2301 2312 2ho1 600l | é10L | 6201 4301
- Uaa ; i
I | Prime Electrical Frnergy Scource
Nuclear (Spap Programs)
Chemdcal i
Primary Batteriea ] "
Type I 1060629 ea  few 5 [ 7 7 6 3 4
(360 A/ = F10CWH)
- Type Jh 1 A 3 3 or k} O 2
i 360 A/H_» 9100WH) . \
Type IIA 1052170 ea ifew 1 '
45 AR ~ 1200 WH) | ‘ :
Typs IV 1062168 oa_ ifeu 2 2
10 A/ ~ 250 WH) T
Type VA 1,61 ea few 1 1 ‘ e 3e 3e 1 I
(61 A7§ = 325 WH) : : § i
re.m%e_lfmﬁﬂ
Type VI 1062762 on_ few 2 2 pr.0l 3.
T TEo) ° 3 )
Types VIA 1461198 e ifey . - 5 2
L5 AM . 1200 Wi
<
Solar
Array Assenbly Lew - 1 1 17 -
T
Prelaunch {+26 VDG) AE Pl fx X x *x x x x x x x x x x x x X x % x
= = -
Main Power Tranafer Switch sa A1} 1 1 1 1 1 1 1 1 1 1 3 3 1 1 1 1 1 1 1
. 1062515 :
II jElectrieal Energy Storsge 4
Secondary Battery .
Type IA 1060651-3 e few h L L
{22 A/ - 550 WH)
Type 111 1062055 ea p1% |2 F] 2 2 H 2 X 2 h 1 k s. L 4 L b h b L
(0,225 _A/H} :
10 Capsule eal faw . I
Type VI 1L61108 - T
j {0.h50 A} :
FORM MID 117017 ¢ = capsule
- - ® 0 S .{_ VN SEREE S0 I FTO e - al
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Table 1-6 (Continued)

LMSC-418564

DISCOVERER

H¥IDAS

ADVENT

PROGRAM T

PROJECT 102

PROGRAM
201

HKASA

FUNCTIONS -- COMPONENTS

Deg.
of
Uzs

nia

115

zg

lz01 120k

1209

150

2120

2202

2203

2207

2210

2301

212

2L

5001

6101

8201 | 6301

| (cont)

10 ] flectrical Energy Supply and Conversidn .

koo Cyele 115 VAC {vatiz)

Single Phase

1h&3173

27

28% 2he

224

29

2hx

K]

Q0%

28

33

33

2h.6

20

26

27

26

(100 wate )

17 - 37
[

Laaa_Peyload Peeniiay

2l

10

a2

28 2h

22

2l

i7

13

33

NA

NA

KA

NA]

Single _Phame Regulated +0,1%

o) Phase Reonlatnr

1050808 (25 W)

Lons Payload Peemliax

Transfozmer 1062708

£.1 ¥ Ve), MR,

Thres Phase

IA Tny watts)

£y

11hw 8o

J0%

{100/200 Woé2210

Pa By

Lol ko

L5

IB Inverte

g

1ch

27

L5

25%

—

115

26,9

Lo

29

ta)
100/200 W) 1069315

Pa P

Lo

HA

45

5

23

NA

Tk

KA

hOC €FS_Trapsfer Relay aa

1060603

L4OD_CPS Taad Iimiter e

1301794

2000 Cyrla 115 VAC 1 A (W)
In 1¥A

v

120

vorter Tyne
1062909 (2500}

Loam Paylaad Pecnliar

AR

Inverter T

106285 {250

1]

s}

Leag Poyload Pecnliar

[

Inyerter Typs IVD

Loy

L*e

}

Leoe Peylosd Peculisy

15

A2

15

75

NA

HA

fow

JL2#1.  Jole

121»

innr.tar..!me YIIL
1062676 (hoo )

Lean Payload Pecyliar

191 86

* indicaten redundant item

PORM MED 1971
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Tabie 1-6 (Continued)

PROCAAM
DISCOVERER MIDAS ADVENT rrROGRAN T 201

PROJECT 102 HASA

Deg.

Uae

my 1115

11eh

1201

120

1209

1501

2120

2202

2203

2201

2210

2301

2312

2401

6001

6101

6201

6201

‘Electrical Energy Smpply and

__Conversion

T Unragulated 22-29.25 YOG

all

232

Watt-Hours

{Less

TIDIS & Prod 17

Watt=-Houra per misaion TOT

1yt 70

to AU

19500

232

583

h3s

Lanms Payload Pacmliar

W

Las# Payload Pesuliar

BSO0

A00

1008
— 1 K&

HA

XA

HA

SB87

753k |

LA Lils)

500,

hoB?

Loon

4903

93

5918

k2

5218

Lotk

1229

51

Re Lta

ate YOG,
Type IA 1060652-3 (110 W)

29

IS,

13

Lags Poyload Peculiar

NA

NA

HA

EE

Type LI 1062253 (350 W)

3119|8010

324

19

= inininink

Less Payload Pecullar

15! 950

152

R, a = oo watts

12,

equlated =28,3 YIC 21(wat
Typs IA 1060750-3 (Lg W)

P lar

HA

Lags Payload Pecul
Typa 11 1062k, (100 W)

62

2

z8

30

lens Payload Peculiar

S} Smt2

15

18

4

Regulated % DC {wattn

Type IV 28,0 A%1062695

3

30

30

3h

3

(+30/=30 watta}

kT

Laps Payload Peculiar

1Y

10

30

3k,

1

11

11

11

11

11

11

AUy

HA

11

11

11

Type VIT +28,0 1% 1h6100L

{12/ watts)

Pecyrliar

13

11

11

11

11

lass Paylosd
Type VIII 428 32% 1161165

2

(+08 /=7 watta)
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GUIDANCE AND CONTROLS A T

Tasgks 1 and 2

From the listing of the functions performed by the Agena guidance and controls
systems (Table 1- 7) it can be concluded that all Agena programs require the
establishment of orbit conditions and attitude control during ascent, Most

of these programs require attitude control on orbit or during coast to apogee

of the transfer ellipse and parking orbits. Also, most of the programs re-

" quire the capability of control during maneuvers on orbit. All programs re-

quire programmed switching, but few reguire attitude indication,

Some obvious conclusions regarding Agena standardization can be drawn from

a tabulation of the functions performed by the guidance and controls system,

The operating altitude range of the Discoverer and MIDAS vehicles requires
that the horizon sensor be used in preference to the horizon scanner because

of the greater altitude range of the former instrument. The required accuracy
of orbital period calls for the use of the _yelpgity‘ meter in preference to the
Discoverer accelerometer-integrator.' The required attitude accuracy on

orbit for the Project 101-B vehicles demands the use of the Inertial Reference
Package (IRP) with the MIG gyro. A gas control system is necessary on

orbit to enable the vehicles to maneuver and to overcome the mlsa.hgned torques .

~due to orbital period adjust. With the present equipment status, the pulse

valves are necessary in order to minimize the gas leakage for prolonged periods
of orbit operation; however, for extremely long orbital life, the inertial re-
action system (reaction wheels and control moment gyros) is necessary. ‘The
use of pulse valves requires the use of the F/C electronics with pulse circuitry.
In order to minimize control gas consumption for long time orbital operaﬁon,

deadband control is necessary in the F/C electronics,

Because of weight considerations, it is not desirable to standardize on one
booster guidance system. Instead, the BTL guidance system could be re-
tained for the Thor while the GE guidance system is used for the Atlas. The

modifications necessary to accommodate either systern could be in the form

1-27
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of a plug-in module in the Agena primary junction box, the proper module béiﬁg

inserted when the Agena booster is selected.

Task 3

Table 1-8 is a breakdown of the guidance and controls etiuipments which are
currently being used for the separate vehicles. From this listing, the items

which are used on all or most.Agena programs. are as follows:

Inertial Reference Package
Horizon Sensor 7
Flight Controls Electronics
Primary Junction Box'

Velocity Meter

Primary Sequence Timer
Hydraulics Actuator and Package
Secondary Junction Box

Nitrogen Supply System . , .
Pneumatics Control Package

These items of equipment could per'form all of the ascent functions and many

of the orbital functions. !

Task 4 v

The common function for which common compoﬁents exist is that of estab-
lishing attitude accuracy for Agena ascent. It is possible to accomplish this
functién by use of the attitude controls components of the Project 101-B
vehicles or the advanced MIDAS vehicles since these vehicles will have the
capability of satisfying the requirements for all programs throughout the
Agena ascent phase of flight, The block diagrams for these systems are

shown in Figures 1-2 and 1-3. The components are:

'. %@' r
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" is required of the MIDAS vehicles.

. Horizon Sensor .
" Inertial Reference Package (with MIG gyros)
Flight Controls Electronics '

Primary Junction Box

Primary Sequence 'i‘imer
H_ydrauli'c Actuator and Package -
Secondary Junction Box

Nitrogen Supply System

Pneumatics Control Package

Although these components are common the internal circuitry is not common

at present.

The common functions for which common components or circuitry do not

exist are discussed below,

Establishment of Orbit Conditions. For thie function, both the BTL and GE

guidance systems are used. The velocity meter and accelerometer integrator

perform the same function, but they are-dissimilar; however, the former

instrument could perform functions not possible with the latter device,

Establishment of Attitude Accuraéy (on Orbit}, No one system has the

L 3

capability of establishing the vehicle attitude control in all the required vehicle

orientations, nor do all systems have the capability for long life on orbit, as

W

The sequence timers are not identical for all programs.

An examination of the block diagrams (Figures 1-2 through 1-11} indicates
that the point in the functional chain at which most uncommon conditions

occur is the primary junction box. It is here that the circuitry which ac-

- ‘commeodates either the BTL or GE guidance system is located. Also, the

circuitry which controls the vehicle orientation on orbit is gwitched through

this unit. Gain changes, time constant and deadband switching occur here.

' It is through this unit that Project 101-B roll-yaw ste’,ering and the MIDAS

REm .
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The IRP contains circuitry for gyro c

T

)

g

inertia reaction system are
vers on orbit are switched through this device as well.

v

ompassing which is not standard with

the various programs. The flight controls electronice containe non-linear -

gain, deadband control, and pulse circuitry which is non-

gas valves are both proportmnal and puls ed.

The timers are peculiar to the particular program.

Of the components which perform common functions, many are neither

mechanically nor electrically gimilar. Those which are mechanically similar

but electrically dissimilar are the IRP and horizon sensor.

Task 5

1

The modifications necessary to common components in order to periorm

common functions are largely confined to the pr

imary junction box, IRP,

and F/C electronics.

Ascent
el edininld
14

To perfoi'm the common ascent functions, the primary junction box must

the BTL or GE guidance syatem of the
ad11y ada.ptable to gain, time
A standard

accommodate the commands of either
In addition, this unit must be re
anges by insertion of a plug-in module.
t also be established.

Agena booster.

constant, and dea.dband ch

gyro compassing mode for long coast phases mus

The alignment of guidance and control equipment must be standardized. This

requires one Or More alignable unit(s) which necessitates modification of the

packaging.

The flig'ht controls electronics must be modified to accept a set of standard

gains, time constants, etc.
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The secondary junction box will require small changes to accommodate the

standard telemetry.

An ascent timer, peculiar to each mission, must be readily inserted into

the system,

Oxbit

The modifications in the primary junction box necessary to perform the

orbital functions are:

a. Provide for a plug-in module which will modify the ascent
attitude control to conform to the mission peculiar orbit attitude -
control requirements; such as, gyro compassing on orbit, roll-
yaw steering unit, ‘control moment gyro input, pitch reaction
wheel control, recovery maneuvers, etc.

. b, Provide for gain, time constant, and deadband changés by means

of a plug-in module. L

Mo difications are required in the IRP and F/C electronics to accept the

signals from the primary junction box..

A mission peculiar timer is necessary in many cases; hence, the primary

junction box must accept these signals.
r

The secondary junction box must conform to the standard orbital telemetry

requirement; therefore, some modifications are necessary

Note on Block Diagram

The differences which exist in Figures 1-2 through 1-11 are not as great as
appearances would indicate. The differences which exist in the block dia-
grams for coast phases for NASA and Discoverer with the MIDAS and Pro-
ject 101-B are mostly due to the gas valve orientation; the valve clusters
being on a horizontal axis for the former programs and on a vertical axis
for the latter. 'Another apparent difference exists in the gyro-compassing'
mode for MIDAS and Discoverer (not shown) as compared with other pro-

: i
grams. MIDAS and Discoverer utilize a simplified mode of gyro-compassing;

| 1-31 B0 RO
. ) I:..:l'.' ,ﬁ i LI
> LOCKHEED AIRCRAFT CORPORATION I_ ;



N
)
i
i
i
H

-
R e s T A RRAR L TIMR

whereas, refinements were incorporated into other programs as additions .
to the MIDAS-Discoverer method. Hence, by standardizing on the refined .
gyro compassing (with small modifications ), for all programs, all vehicle

requirements can be met,
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Table 1-7 [Continved)
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DISCOVERER

MIDAS

ADVENT

FROJECT]
1014

PROJECT 101D

FROJECT 1a2

PROJECT
201,

NASA

Deg.

Uas
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112k
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2kol
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I
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PROJECT 102
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Deg.
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COMMUNICATION AND CONTROL

Tasks 1 Through 3

*

The functions performed by the Agena ha.vé been reviewed for all progralm.s in
sufficient detail that individual equipment, components and, in some inséé;xces,
circuitry are identified. The basic functions discerned are teleme;:ry, B
acquisition, tracking, command, and RF propagation, and are correlate-dfin‘
detail in Table 1-9. It can be noted that the functions are relatively common
for all or at least most programs and that the equipment utilized to perfo.r”
these functions is of similar types. Individual configurations and minute
circuitry, however, vary extensively from vehicle to vehicle. (See

Table 1-10. } Extensiveness of component usage is summarizes as

follows:

a. Telemetry and test instrumentation
(1) FM/FM UTLM Type 1.- all programs
(2) FM/FM UTLM Type II - to.replace Type 1

"(3) GP-PAM - MIDAS 1209 and up and Project 101-B, 2203
and up, and MIDAS 1209 and up. ‘

NOTE: Instrumentation. requirements vary among
programs, but transducer types and output signals
to telemeters are relatively standardized. ' '

b. Acquisitio'n and tracking
(1) Acquisition transmitter - most programs ,
(2) S-band transponder - Discoverer, MIDAS, and Prograﬁn 1
{(3) C-band transponder - NASA

c. Command and control

(1} S-band decoder and interim programmer - Discoverer
and Program I ‘ .

(2} LODAP and UHF receiver - MIDAS 1201 and Project 101-A
(3) MOP 1 and UHF receiver - MIDAS 1204 and up
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Task 4

it may be concluded from the foregoing study that common functions using
common components and circuitry are mstrumentatmn and acquisition. o
Similarly, common functions not using common componen
are telemetry, tra.ckmg.. command, and RF propagatmn
common functions with common and uncommon conditions was made and is ,'
included in Table 1-11. Gomponents which perform common functions and are

‘mechamcally 1dent1ca.1 but electrically dissimilar are the 5- and C- band

beacons.

Task 5

Modifications to present equipment or development of new items required for .

the Standard Agena are discussed in the following paragraphs.

New flat plugs and flat plug wiring coO

v 1MSC-448564

ts and c:.rcuﬂ:ry

A comparison o£

ncept have been incorporated into all

equipment as detailed in electrical powe:t: supply gsection. In particular,

.optional equipment such as S-ban
with common mounting and electric
any one as required by the individual

mentation, Other optional items too

d, C-band or other beacons shall be provided

al interfaces so that the’ vehicle may accept

mission without need for special imple-

shall be provided with neces sary cabling,

plugs, etc., to perrrut ready adaption to Agena interface connectors.

Repa.ckaging of the PAM telemetry system has been studied and is feasible. .

This would eliminate numexous inter

reduce total weight by approxlmately

connecting cables and connectors and

25%. The shape would also be more

jdeal and the total volurne would reduce from 1300 to 450 cubic jnches.

A new modular power control unit is

being developed under the MIDAS contract

and will.be available for Standard Agena use. 1t will employ from 5 to 10

‘relays and 4 time delay circuits. One or more of these may be strategi-

cally located within clusters of equipment to minimize wiring lengths and

8 ounces each.

relatéd system complexity. The units are anticipated to weigh a.pproxima.tely
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A new concept in orbit antenna is being contemplated wherein space p‘l‘OV;I.Bl.OH
is provided on the minus X and plus X axis to house inflatable-extensible -
arrays to be developed for pecuhar missions. At least two conf:.guratmns
would be required; one for honzonta.lly -oriented and one for vertmally-?
oriented satellites. A study has been completed by LMSC Antenna Lab :Eor
Wright Air Developrnent Center with positive results. Qualification testmg
of a large threeé-element yaggi array for low frequency space use. is currently-

in process.
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Table 1-9 = P
| .
AGENA VEHICLE FUNCTIONS, COMMUNICATION AND CONTROL, :
TASKS 1, 2 AND 3 - ‘
DISCOVERER HIBIS apvzsr | R4 PROJZCT 1018 1 |eRozor 1oz { o wash LEGREE OF USE
’ COMPONEITS CONCLUSICHS
PUNCTION - 0] 11 1 1200 0
11 g 2h 120L | 1209 | 1501 | #r20 | 2202 2203 2206 2210 | 2301 2nz 2ot | 5001 Asrar | 6701 Aot mom | At wper bOFTW
L, TELAIFRY: ) R
Typa - SRRl 3o s G 10 o B 3 e Y B | (o1 7 T2 L (o o S 0 L 3l o O (o O L5 0 o o 10 8 3 R |0 o L 138 o N | | I | o8 R OP.PAM |Both MMaF™ UTLM & GP-PAN have
OTLM [T ot fuThM [Tl [Statusk [UTLA TTLM T LY Ut UTIM JoTiM UTIN LY UTLY UTL uTLY LN besn denigned for this applicatlon
L Type IT Steatus [Fallure |Typa IT [F-PAN Tepe II (Type II{ GP=PAY 58 & more advarced syatem
No. ¢hannals eont, or . with more information bandwidth
main M=X (channele- at less power than FixFil,
peinta x rpe) 13 13 13 12 12 L kil 12 12 11 16 . 12 11 * 1k 9 9 9 9
Hi level sarpled h-£0x5 j-£0x5 |3-A0xS [4-60x5 [Swch 2oflixS [LeE0xL 13.60x5 [3-60xS | 3-16x129 31-60x5  {L-560x1 2-50x5 [2-60x5 [2.50x5 [2+60x5  [2.50xC
(8-5V) 2-60x1 [2-40x5 2-£0x5 25001 :
2. Prossure - R :
b Veltsres - =
¢. heceleration .
d¢. Oyroa
a, Tell-talas =
Lo tersl sarpled M-60x1 [l-6xl NefOxt [1-50x.h [1-40x1 L0z, b |L-80x1 £k ¢h 15011 [1-40217 1-£0x1 '
{0-50) L-60xS .
a, Tanmaraturs + » i
b, Strain '
&, Current !
Tranemitter Bir VIF {fw VHF {tw VHF' [Sw VHP [Ow YEF [Be WIF [i6u WP [Pe B VEF Pw WF [ Bu TF By WF 18« WP |fv WF [PuWF [Pw VEF [Gu VHF [Bw v TIF G #11 By YHF |16 w B wmtt sutfielant for sll prema.
. . Could use 2w if OP=FAM 1s nelected
D, ACQUISITION WP Acg. Aeq. Aeg. Aoy, Poy. Aeq. reqa beg, | feq. 1 leqa we
trans. [trans. |[trans. trans.  [trans. [trane. trens, [trena, |trans, trans, | T/ Ay VHF transmitiar cn vehlcle
. TRACKING: * Js-b can be ued for aeguisition.
Radar Bescon band |S-band [S-band » [C=band [S-band [S-band [-band [S-band snd  [S-hand C-bend  [C=band Ksbard  [C-bard 111 S<band | Cwband
ben ben Component eslection depends unon
Doppler ST (Ee vl mission requirersnts and range
Dopplar Copolar Teq.
1. COMIANU CONTROL: . .
Real time command ~band |5-banhd bend [ereay Yo [S-band }S-bzrd [-band heacen [IFF emd [S-bend [S<bend [S-band Na Yo e 1] “'oat | Systen dépends upen payload
en & [ben & fhen & Ree rgmb hen #DiChen & P decedar T Receiverideccder d d rqmt ramt rqmt rort requirsments
acoder [dacoder [deccd - T cmd {decrdes
ftoce Lvard
Stored time command nterim |[nterim [Tnterim [Pl i LOLET  {Interin Cmd Pre & Interim {Intarim {Interim Kntarim e Rt.] No Yo
progmr mrogmt' |jorogr (F rqmt loroemr  [Lnterim preemr pregmre brognr prosmr  propmr rqmt rgrt frqmt lrgmt .
(135T¢) frecvr Crd
oI o

2 Infetmation not available
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. Table 1-9 {Continued)
=
el € g
. £ o | PROSECT FROJ. | DGRFE OF USE
LOFPONTHT OPERATING May, | DESCOVERER]  MIDRS z| €] 1013 w| we | g NASA
AED PART M?.  |DESCRIPTION {ALT. N.H. 3 db BRAWTDTH GAIR hall S & - FNCTN | OOUPONINT CONCLUSIONS
- w S % A8 2 Blal8ls & 8| 2|s &lelg g § B L, 03T, 2 -
oo o g siRnlg)8 8 RIN|& N]F g &2
wr
hscent A1 Tha basle dasighn is the sama for
Lo Cavlty-backd - Roll plane - 70° +& X x 1211 WWF sscant antennas. The
13105114508 Lot Pitch plane - 180° diffetance between 1710511 and
1310511-505 is due to s difference
VEF, Cavity-backd - Roll plans - 70° +6 x % |in veh. skin thlckness.
1C30450 slot Pitch plane - 180° The differences in baric nes,
ats dus to varlcus cavity shaces,
VEP, Cavity-backd] = Roll plane - 70° . + x % |which ere req. becruze of waricus
1316263 slot Pitch plane - 180 = equip space raqmats of the
* verlrus oregrems.
THF, # Carity-backd 1 Roll plane = 70° +H X X X x x| x x x_x|x{x X% X X X x In the Std. Agens where equip
1310511 olot Pitch plane . spres reqmnta ere stendard, e
- - atd, antenna design will ba ueed,
Orhit Few x | The 102L0£0-509 monopele is the
Y Vanepole 300 Azirrotheomni-direstional *hy x t latest isprovement of the basie
10zf060 Elevation - 2 lcbes, B0° 1024050 antenna. The electrical
design of all units is the mamey
VHF, Monopole 300-2000 | Azimuth-ormi-directional “h | x x x x |only the mech. characteristics
102{1060—507 Elevation - 2 loves, 807 have been improved.
" The 1261, 1319154, was for a
WF, Honopole 300 Azimuth-omni-diractional +h x X Xx|x x | spsclalized application.
102L260~-509 5 Etevation = 2 lobes, B0° X
13231146-501 .
YEF, 3 El. TAGT | 2000 E u Plane = 70° +B x x
13191§1| # - Plane - 120
.
$=B2ND
Ascant . Few
Beacen, Receased - Azimuth - omniedirectiomal [+h fx x X x X x
1312073 stub Elevation = 2 lobes, BO® {Aseant &
orbit}
Hrbit Few
Beacon, 2000 E - Flane = 70° +l x x
1310492 H - Plame - 10C
Ascent/Orbit Faw
eacon, Recsssed 300-2000 | Azimuth - omni-directional j +h x x *®
1303915 stub Flevation - 2 lobaa, RO°
Beacen, #* Dgen wave 300 Roll plane = 70° +6 x x x Few x
1320570 guide Pitch plane
## Recommended |by Antenna 1kb, for azdent in Standsrd Agena B N
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Table 1-9 {Continued) .

Ty L
b - =)
E o o DIOREE OF USE
COMPONENT OPERATING ", T8CMYR o| | rosor mos | g ~T—
t o AX. § DISCOVIRF HIDAS I 1013 1A | 102 o HAS Bk
#¥D PERT Mo, DESCRTPTION |aLT, W.H. 3 db 3EAMIIHTY GATH - - L COFTONENT CONCLUSTONS
db A8 d BlERle o 8alg ole g . 5| FHCTN]ALL ST FEW
ﬂ:ﬁﬂﬁﬂ‘ﬁﬁ&“ﬁﬁﬁ&‘?ﬁ..’??@
‘Doppler, . Monouele, 200 Omni-directional 0 X X.x x
1319155 2 ea fed
'z out of phass
L-BAND
Ascent/Orbit
£aC0N, Recessed Azlmuth - omni-directicnsl |+ x . = x x x| Few x
1313847 -, | stub Flevation - 2 lobes, 80° 4
FULTIBAKD .
Orbit ' - . .
WiF/S-band, Stacked 300 Azimuth - omni-dirsctional |+l gx oy r x : Fow x
1309008 moncoole Flavaticn = 2 lches, 80° :
VHF/UKF, VIF-neno- 2000 VHF - azimith - omni- + x ) | Paw
1310508 ’ pole directional . .
. Elavation = 2 lobes, '
: 8o°
UHF long ’ WF - azimeth - cmni- +T . ’ x
wire directidnal - 2 lobes :
close to axis, Loo .
ASCENT/GRBIT/ .
E-ENTAY : .
VHF/S=band Cavity- 30C-2000 Omni-directional, J eaw/ |0 x Few x
1313859 backed slot pwr divider used 1in *
capsule
T2 BE DESIGNED
UEF Aseent x Few =
1309009
UHF Ascent Antenna ‘= Few x
(400 Me)
UHF Orbit Ant (hLOOMd) x Few x
VFEF/Monopdle 2 ea : x x Few x
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Table 1-10 ,
- EQUIPMENT CROSS CORRELATION
- COMMUNICATION AND CONTROL {VEHICLE ONLY) -
BROJ PROJ
DISCOVERRR MIDAS ADVEMT | 101a PROJECT 1018 PROJECT 102 201 NASA
CONPONENT ' PART - .
3 . MMBER 1110} 1115 1124 1201 12c) 1209 1501 2120 2202 2203 2206 2210 2301 2312 2401 {6001 | 5101 | Ae01 6301
1. TELEMETER, : o i
* [Telemster 1323131 x
PO VTR 23T 1313690
thru 9l x
UTLM FM/PM 13049 36-501 x i
UTLY FM/F Type 1 1 301,92 3-501 x :
UTLM FH/FM Type 1 301921 - 501 x i
: thru 925-501 x !
OTLY n';m Type 1 13019 37-501 x ‘
UTLY FM/FM 1024987.5G x
UTLH &1/m ~1 30193550 x x x
UTLM /P 102,981 50 x
LY FH/F 10219824501 x R
TLH FA/FT 1718638-501 X i
TLN F/EE 13191Lk3-501 x .
TLH BN/ 131911 -501 %
TLH FM/ M e 21583501 { x
[UTLM_F*/F_Type 102L98, -50° x
[UTLI_ F%/F4 Type 1025,985-561 | x
[TTIN_ F/F Tyme C2Lofs-501 | x
UTLM F‘;‘-!;F‘P Tyoe 30L9L3-501 | x
TTLY FY/FY Tyoe ¢ 132025F x
UTLN FW/F Type I . thru 61 x
UTLM FI/EH 1311561 - x x
GTLH Fv/F4 Tyoe ET 1313h13 x
AR 106-Mod & detector assy. 11300701 . x x ‘X X :
FMR 0L 13CL5hY —~ x
A1R_10GD 1 3CU585 - x x X x
PAM mul tiplexer tvoe F 130859) . x :
MR 110 305073 X z X X b3 2
AR Prog. Mod ITT 1309298 ] X x x X x X x X :
AKR 1094 tave recorder T 31LTEL X :
Signal Conditioner Type JIT 13104 71 x X X i
VHF data transmitter 1062799 i x x x
{VHF data transmitter Tyne III [1312565 i x x T
VHF data xmtr assy Type LV 1318375 ¥ x x !
VEF PAM/Fi gen purp smitber  §1313061 i x x I
VHF FY transmitter status T/M 0LA1032-T I x x :
VHF PAH/TI gonbtr (status T/ M) [131910C x x
Status telereter x_
Failure telemeter : X
Status/failure telemeter x

rFOoRM WD 11TD-Y




Table 1-10 {TContinued)

LMSG~448564

|
DISCOVERER . MIDAS avvanr | Tt PROJECT 1018 PROJECT 102 Sﬁ‘{" NASA [
COMPONENT PART - ‘
. NUMBER 1110] 1115 112, 1201 120l 1209 1501 2120 2202 2203 2206 2210 23 2312 2L01  |6001 6101 {6201 | 6301 [
(1. TRLEWFTER_(CONTEIMUED) )
Telametor 1313698 x X, x : '[
\ r GF AETEELT] X x !
|PAM multiplexer GP 1318800 % x
PAM multiplexer OP 1118897 X x
[Pal{ rm) tiplexer GP 1318897 z x [
Ge 131AA91 x 3 !
P& pitiplexer GF 111889k x X
TeaM it tinlexar 0P 1313892 X x !
| PAM mmltiplexer Typa GeB 1309110 x f[
| PAY mdt; rpase 1318884 x X ’
PAM multipiexer, gen purpose 11318608 x x ]
| PAM, . 0 x [
|PAM mud tiplexer, gen purpose 11318941 X .
% pose  PLIL69L3 b4
| PAM, ora 1318507 x ! .
[PAM dats multiplexer 1319098 x x [
| PAY status multiplexer 19191376 X X :
B gub_multiplexer 1309577 X x
M or 11307926 - x !
|Ht_resp PEM/FM transmitier 1319831 x [
H, . 1311020 X
A, T mupnly .
and tramsmitter : 1311890 x [
'Hi_resp tape recorder 1600k16-1 X
|Tape racorder £11ter assy, 1313706 _ E x
2, ACQUISITION = [
| VHF_aequiaition transmittsr 1062350 -3 % x. x x x x = x %
3, TRACEING [
| C-hand beacon 1062910 x X x x x
S-hand_bsacon pover mupply . 11002340 X [
| S-band beacon transponder 062301 x
| S-hand_beacon_transponder 0APCET x x x x. x x x x x X
| FHE _Doppler diplexer 0628011 x [
i, {a) REAL TIME COM'AND
| S-hand_beacon decoder 062951 x X x .4 x X x X X -
G A _programmer: YA 333155 x X l[

FOmM WUID 11T

160 IL-

GONTDENTIL -~



— St Sl PR a—— [ Sy | W [ow— [ E— [ —— p —

.

Table 1«10 {Continued)

LMSC-448564

PRGOS
LISCOVIRER MIDAS ADVENT | 1018 - PROJECT 101B PROJECT 102 ?gg{ NASA
COMPONENT PART . .
NUMBER 1110( 1119 112k 1201 120l 1209 1501 2120 2202 2203 2206 2710 2301 2312 2L01 6001 | 6100 (6201 | A301
()i, (b} STORZD TTME COMMAND
a ro) 1451312 <
| Interin programmer 1hA1H13 I
AInterim programmer Type 1T x
Interim progragmer 1062610 -1 =
| Interim nropgranmer 1052280 -
| Interim programmer Med TT 10462410 b4 x x x
| Interdim prograpmer 1305300, X .
i Sequencs_nrogrammep 1305330503, x
| Sequance oragrammer 1308338 x
{MTDAS orbital progra=mer Tupe T x x
| PCE Typa IT 1310348 x
| PCY Type TTT 1110738 x
| PCI1 Tyma TV 131293k X
|PC Type VI 1317279 x
[ecll_Type 1X 131RASk i x
| PCY Tyme X 13291396 x
{PCl_Type XTI cr XIF 7 x x x
| Power distribution hox 1319785 x X
| Power distribubion bex Time XY X
|De-coder for 8yl event timer }13E7267 x
| 4IDAS Orbital Pregrammer % x
S ANTENHAS & RF COMPOMNTNTS
VIF ascent antenna 191051)-c05 | * x
| VHF orbit_antenna 1924060 x
| VIF orbit aptenns 1024060-507 { x x x
| ?F_orhit antenna 1021:060-.509 . % x A x
| YHE _orhit antenna 1323115-501 - x
| VHE_ arhit _aptenna 131915h X
| VHF ochit sntenga 13122316 . x
| VHE T/ exit aptenna 1038650-503 X
| YHE exit antenna 1310811, b4 x X .4 X X x X X b 4 X X X x X b 4
[IBF/VHE fS-hand arhit antenna 1309008 x X x
_miﬂs-—_hand_ant. aseant_orb & .
re-entry cavity hacked 1313855 x. x
8 1310504, X =
| 100 MG apcent antenna - X x
 Peacon exit antenna 1112878 = x x
| Suhand beacon slot antenna 1320570 X X X,
| Beacon orbit antepna  11330L92 x
| £-band_hessan antanoa 313807 X
| Parasitic antenna 3Lh538 x X x x
| VHF sntenna multiplexer [10622):3 x x x x x x X X r3 X
FORM MID F1TD1 N
; 1-61
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Table 1-10 {Continued)

LMSC-448564

e

COMPONENT PART
NUMBER 1110 1116 ¢ 112 1201 | 120h 1209 .} 1501 2120 2202 2207 |- 2206 | 2210 ] 2301 2712 2ot | 6001} 6101 | 6201 | 5301
S, ANTEN'IAS & RF COMPONZNTS :
{ CONTINUED}
| GRF/VIF antenna diplexer 1300589 x
Y& diplexer . MT-213h x x X
RF transmission line switch 1062649 x x
VEF exit/orbit_antenna switch | 1600259-1 x x x X
Conax gwiteh SP_DT latching 16002071 x x x
3 Ch nulticoupler 1062818 x
RF coupler 1600277-1 x x x X X x
band power divider 1619857-2 . x x x
Power dividey 1322315 X x -
Coaxial tewmination 16001931 x x x x x x F X !
Coaxlal filter 216 MC 16003071 x X t
Coaxinl filter 106263h-1 x % :
GilF/VAF_rotary Jeint 1318853 x - :
VHF monopale x X
i
}
i
{
i
i
N t
} _
FORM MED Tiye-1
1-62
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; : _ B Table [-11. : | ' B
. : !
} : " COMPARISON OF COMMON FUNCTIONS AND UNCOMMON CONDITIONS . )
COMMUNICATION AND CONTROL, TASK 4 C .
!
: . . DISCOVERRR ¥IDAS soven | 2007 PROJCT 101R progeer 102 | B8 NASA
L. 1110 1115 112k 1201 12Ck 1209 1501 2120 2202 2203 2206 2210 23m 2nz 2L0t 6001 | 6101 {6201 6301
. L. | Telemetry . : .
FM/FM UTLM Typs I x x x x 3 X x x x x x X x
" FM/FM_UTLN Typa 11 x x ! x X
Status Tim - b x
Fajlure Tim X
0P=PAM Tlm x x x
! PAM Tim Type F x |
Transmitier Bw x x x x x x x x x X x x x x x x % x
-] Transmitter 16w : x
2. | Acquisition . I
Acquisition transmitter,l/hw x x x - - - - x x x - x X x - - - - -
3..| Tracking . !
S-band transponder x_Il = x x x x X Y x x x :
C-band transoconder x ' x X x x
APL Dopoler x :
STL Doppler x x
LOG Me Doppler . 1 x
L. | Commnd Comtrol
S-band decoder H x x x x x x x X X
Interim programmer X x x 3 x X x X b4
LODAP and UHF recelver x x
MOP I and UHF receiver x X
_- Command programmer and UHF Xx X
recelver :
5. | RF Propagakion OTEY Thls EPn s $1%ustrated Sdeallyiby * v, | Funptioh", ehart, we.
]

FORM UMD 14T
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Table 1-12
AGE Equipment, Task 11

GROUND HANDLING EQUIPMENT

a. New equipment:
(1) Yoke, Handling - Vehicle
{2} Vehicle Storage Container with environmental
' control apparatus )
- (3) Container Handling Dolly -
b. Modified equipment :
(1) Fitting, 2X Tank Hoist Tilt Sling 1508956
(2) Dolly, Engine Removal 1586389
(3) Dolly, Handling - Adapter 1508169
c. Existing equipment that may be used as is: '
{1) Beam, Yoke 1586113
(2) Beam, Horizontal Hoist - Viehicle 1512162
(3) Sling, Verticle Hoisting - Vertical 1082125
(4) Sling, Vehicle, Tilt 1503703
(5) Fitting, Adapter Hoist - Tilt Sling 1508955
{6) Sling, Yoke Removal, Vertical Vehicle 1506526
(7) Sling, Yoke Removal, Horizontal - Vehicle 1585926
(8) Workstand, Vertical ' 1503450
{9) Vertical Assembly Fixture 1506501
(10) Stand, Engine Maintenance 1062204
(11) Sling, Engine Hoisting 1082276
(12) Dolly, Handling - Vehicle 1503447
(13} Tow Bar - Vehicle Handling Dolly 1506532
(14) Dolly, Holding - Vehicle 1589531
(15) Stand, Pitch and Roll - Vehicle 1503443
(16) Tilt and Roll Equipment - Vehicle 1510878
(17) Alignment Equipment - Vehicle 1503915
(18) Stand, C.G./Moment of Inertia / 1506710
1-65
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. LMSC-448564
(19) 'Fitting, C.G./Moment of Inertia - Vehicle 1589507
'(20) Transporter, Vehicle 1503448
SUBSYSTEM CHECKOUT EQUIPMENT
a. SS/B
{1} New equipment - None -
(2) Modified equipment - None
(3) Existing' equipment that may be used as is:
{a) Mass Spectrometer - I.eak Detector 1501253
(b) Pressurization and Tankage Checkout 1500978
Console - Leak Detector .
{c) Propulsion System Checkout Console 1082017-505
(d}) Flow Rate Meter Assembly 1087058 .
(e) Secondary Propulsxon System Checkout 1589589 _ |
Console :
b. S8S/C
(1) New equlpment
{z) Primary Battery Charger
{2} Modified equipment - None
(3) Existing equipment that may be used as is: _
{a) Patchboard Adapter Console ' 1500407
(b) Vehicle Wiring Analyzer DIT-MCO Model 2000
{¢) Auxiliary Power.Checkout Unit -'1082073-303
(d) Universal Power Supply Type II 1505605
(e} Vehicle Power Monitor Equipment 1501920
(f) Battery Discharge Load Tester - Type 11 1588688
(g) SS/C Monitor Conscle 1514971
{h) Battery Console 1501606
(i) Solar Collec"tor Checkout Console 1500454
{Optional)”
c. SS/D {Guidarnce)

LOCKHEED AIRCRAFT CORPORATION

(i) New equipment - None

(2) Modified equipment - None {

1-66
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(3) Existing equipment that may be used as is:

(a)
(b)
(c)
()
(e)
(f)

{g)
(8)
(i)
(5)

(k)

(1)

Rate/Servo Table ~ Type I

Guidarice Checkout Console Type II
IRP Holding Fixture - Type II

IRP Gyro Alignment Fixture - Type 1I

Low Pressure Nitrogen Test Cart - Type 1

Horizon Sensor Checkout Console -
Model 11

Optical Alignment Equipment -

Guidance Computer Checkout Console -
Type 11

Velocity Meter Checkout Console
Event Recorder Console

Guidance Loop Bench Checkout Gonsole -
Type 11

SS/D Installation Test Console - Type V

d. 8S/D (Flight Control)

{1} New equipment - None

(2) Modified equipment.- None

(3) Existing equipment that may be used as is:

(a)
(b)

(e}

- {d)
e)
(£)
(g)
(h)

Flight Control Checkout Console, Type Il
Hydraulic Package Power Supply
Hydraulic Test Cart, Type Il

Hydraulic Cleaner Cart, Type II
Hydraulic Power-Package Test Cart
High Pressure Nitrogen Test Cart
Portable Clean Room

Sanborn 150 Recorder Console

e. SS/H (C&C)

(1} New equipment - None

(2) Modified equipment - None

“{3) Existing equipment to be used as is:

(a)

{b)

LOCKHEED AIRCRAFT CORPORATION

Beacon Transponder/Decoder Checkout

Console, Type V {
VHF Exit Antenna Coupler Install.

1-67

1506146
1512303

- 1507965

1507575
1509691
1062589

1502424
1505060

1511635-503
1502427
1585585

1512770

1062552
1062330
1062637
1510612
1512360
1509797
1062641

1515953 -
(Opt. Eq.)

1501588
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"{¢) PAM/FM Data Link Checkout Console 1507295 -
MIDAS Type II .
(d) PAM General Purpose Demultiplexer 1589940._.
Console-- . :
(e) VHF Antenna Coupler Install. 1509987
{f) Beacon Antenna Coupler Install. 1087235 '
(g) Secondary/Interim Programmer 1501105 .
Checkout Console (Opt. Eq.) -
(h) UHF/VHF Omni-Orbit Antenna 1510806
Coupler Install. : .
(i) Orbit Beacon Antenna Coupler Install. 1510809 "
(i} DC Power Supply, 28v ‘
SYSTEMS CHECKOUT EQUIPMENT
a. New equipment - None !
Modified equipment _
{1} Control and Indicator Console 1590866 .
(2) Signal Distribution amd Ménitor Console 1590868
{3) Pulse Amplitude Modulation Console 1592124
{4) Subsystem C Console 1514971
{5) Universal Power Supply Type II + 1505605
(6) VHF T/M Data Link Test and Monitor 1068140
: Console : '
c. Existing equipment to be used as is:
" {1) Command Beacon Console 1062956
(2) Squib Monitor Console 1592513
{3) Sanborn Recorders 1591956
{4) Power Station Console 1504002
(5) Battery Console | 1501606
(6) Vehicle RF Function Generator 1586950
/
1-68
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NOTES ON NEW AND MODIFIED EQUIPMENT L s

Yoke, Handling - Vehicle (New Design)

Will be similar to 1585908 consisting of an aft yoke similar to 1510567-501 -
and a forward yoke similar to 1585582, o

System Checkout Equipment

1.- Control and Indicator Console 1590866 (Moaified)

This console may be used with a few simple modifications.
The following panels may require modification to accommoda.te
the new vehicle requirements:

C&C Monitor Panel

Vehicle Power Control Panel

Telemetry Control Panel -
The following panels may be removed from the consoles:

Crbital Flight Control Panel

Subsystem J Control Panel

2. Sig'na.l Distribution and Monitor Console 1590865 (Modified)

This console may be used with very little or no modification .

Squib simulation requirements may be less. ,

"3, Pulse Amplitude Modulation Console 1592124 (Modified)

This console may be used with modifications reducing the
number of channels handled from 24 to 16.

4, Subsystem C Console 1514971 {Modified)

Console may be used with little modifications, removing that
» portion that handles 2000 cps ac power. :

5. Universal Power Supply Type II 1505605 (Modified}

This console may be used "as is.'" The portion handling
2000 cps power will be excess.

. 6. VHF T/M Data Link Test and Monitor Console 1068140

The monitoring portion of this console is not needed and may

be removed if desired. /

sLOCKHEED AIRCRAFT CORPORATION - MISSILES and SPACE DIVISION
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SECTION 2 CLln

PRELIMINARY DESIGN AND PROGRAM INTEGRATION, = =i
TASKS 6, 7, AND 8 e b .

STRUCTURES

The primafy objective of this study is to design a standard vehicle to struc-
turally accommodate all existing Thor and Atlas boosted Agena payloéds and
their respective trajéctories. In addition, the following features are éon-'__
sidered as nec‘:essary‘ and as such form the basis of the structural philoso'phy. 7 '

pursued in the design.

Serviceability

a. Full and quick accessibility for inspection of all egquipment PR

b. TFull accessibility for installation and removal of any unit of
equipment, and where time is'a premium, ready access by. -
unfastening quick release attachments (one foot spacing) on ;
large access doors.

¢c. Ability to service, handle, and transport the vehicle in the
factory with or without the payload attached, and withbut the
large access doors installed

d. Ability to maintain operating environment of the equipment
during ground operations. -

Schedule
a. Use of materials and shapes that are available now
b.  Standard proven manufacturing Operatibns and shop practices
c. Simple standard aircraft construction
d. No special tooling beyond what is used now

All structure readily accessible for fabrication and easy
inspection

f. 'A structure that permits easy installatioln of equipment.

2-1
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. requirements listed under the four main headings:

. LMSC-448564 -

.Cost

a. Maximum use of standard materials which, in addition to being"
economical, reguire.a minimum of material testing wh1le
affording a maximum degree of rehabxhty _

b. Use of simple sections or shapes readlly made by exwtlng
tooling, and requiring a minimum of machining

c. Items as listed under Schedule.

Performance

a,  Minimum weight such that every Agena vehicle will equal or
surpass its present performance

b. Maximum reliability (which is inherent in a standardized unit)

c. Simple determinate structure to insure maximum efficiency
(minimum weight) and reliability

‘d, Maximum use of structural mass to satisfy thermal requirements :

for equipment with a minimum ‘of non-structural "heat-sink"
material as required locally.

STRUCTURAL PHILOSOPHY

As stated in the Introduction, the structural philbsophy is governed by the

r

Serviceability
Schedule ~
Cost .

Performance

The main structural objective now is to design a structure that is compatible

with the various listed goals.

Forward and Aft Equipment Racks =

To provide the necessary degree of serviceability, large access doors with
a minimmum of quick disconnect attachments are required. This requirement

defines the greater part of the skin covering in the forward rack area as

2-2
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The primary structure, thén, in satisfying flight conditions, is also capé.ﬁle
of accommodating ground handling operating loads with little or no weight

penalty.

Although the doors are non~structural, the basic strength required to with-
stand air pressures provides sufficient skin thickness to limit the temperatures
on the skin to acceptable values, Magnesium sheet reinforced with magnesium

stiffeners and edge members provides the necessary strength for minimum _

‘weight. The magnesium edge members which are attached at one-foot spacing

to the interior structure, transmit very little heat to the ihteripr structure

during ascent and prior to booster cutoff. The thermal gradient from the

- sheet to the edge members is such that the expansion of the door relative

to the interior structure is readily provided for by oversize holes, as required -

for applied load deflection,

Consistent with the advantages previously listed under Serviceability,
Schedule, Cost, and Performance, an open truss interior structure in the
forward rack area is the most efficient geome'try to transmit the loads .

imposed by the vehicle payloads and shrouds.

Standard extrusions such as bulb I's, channels, tees, angles, etc., appear
t
desirable and provide sections with the following advantages:
a. Structurally efficient stabilized sections {inherent in an
extrusion which is tailored to the required geometry)
b. Open section for ease and simplicity of attachment

c. Adaptability to machining off flanges as required to suit
decrease in loading '

d. Flexibility for mounting equipment.

Square and rectangular extrusions are also structurally efficient. However,

much of their efficiency may be lost due to end connections, gussets, and

- attachments. Use of gussets, for example, means that tubes must be the

- same height and width unless shims are used, If it is shown that certain

members are more efficient as tubes, then tube sha;_pes could be used in

conjunction with other extruded shapes.

2-3
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4

Preliminary indications show that the interior structure is essentially at
room temperature during maximum loading. Hence, there is a wide choice
of materials, all of which can be, stressed approximately to their maximum -
room temperature values. Most interior members are uni-axially loaded
Effiéiency then depends on selecting a cross-section shape such that crrp-_
pling, column action and buckling instability of individual legs occurs ap-
proximately simultaneously with compressive yield., For members whosé, ( _
level of loading and length are such that this can be accomplished, and using
density to compressive yield strength as a criterion, aluminum extrusions

are about 40% more efficient than the best magnesium extrusions.

A study of materials shows that for the loads imposed on the forward rack by
various payloads, 7075-T6 aluminum extrusions are first choice with
‘ZK60A-T5 magnesium extrusions second choice. The potential of aluminum
can be fully realized in the design of the longerons which account for about
50% of the interior structure weight. It appears that aluminum extrusions

are also more efficient for the remaining interior members of the forward
rack, although the full 40% advantage may 'not be realized. It should be
understood that for relatively long members with light loading,magnesium
extrusions may be more efficient and should then be used. There is no
structural objection to using both aluminum and magnesium. | {This com-

bination has been efficiently used for internal floor structures in the

Constellation. )

v

Another significant advantage in using aluminum is -that the thermal con-

ductivity of high strength aluminum is almost 100% more effective than

 that of high strength magnesium ZK60A, and is also greater than that

of the best high temperature magnesium.

In the aft rack, members are relatively long due to geometry and are quite
_1igh£1y loaded. Therefore, minimum gages appear to require high strength
‘magnesium, ZK60A, as the basic material. Channel shaped extrusions appear

to be most efficient from all considerations,

2-4
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The basic philos‘ophy followed with regard to the integral thermal envi':'rbzh-' .
ment of equipment in the forward rack is to utilize the structural material
mass for thermal paths to distribute equipment generated heat. Where
particular equipment component; generate heat in excess of the capacity . )
of the structural mass, local "thermal pads" will be provided. Of the . ‘
materials considered, lithium is very efficient, but-requires developmént

in protecting it from reaction witﬁ air, before practical application. Beryl-
lium is almost as efficient, and is readily applicable. A most intereéting

material is parafin wax. For now, beryllium is the material choice.

For the aft rack where the amount, and variety of equipment depends upon
the particular vehicle mission, the philosophy followed is to shield individual
tray modules as required. Equipment with narrow temperature limits may

require local heating or cooling.

Vehicle stiffness requirements, to assure that the natural frequency of the
Standard Agena in combination with the various payloads is compatible with
limits necessary for guidance and control, are satisfied by the cross-
sectional areas required for strength. Stiffness for bending and axial load
are virtually equivalent to those attained for previous vehicles by monocoque '
structure. Stiffness for shear loads, although somewhat less than that pro-—-
vided by monocoque structure, is sufficient. Longitudinal string:ers pro-
vide the stiffness for bending and axial load. Structural doors on the X axis
provide stiffness for shear loads applied parallel to the Y axes. Internal
truss structure provides stiffness for shear loads applied parallel to the °

X axes.

. Booster Adapter

A large percentage of the philosophy stated previously under Forward and Aft
Equipment Racks applies also to the booster adapter. Although the relative

- amount of non-structural door area to structural skin or door area is ap-

- preciably less than for the forward rack,the requirement of accessibility
still suggests a stringer skin combination. Booster;separation using prima-

" cord appears desirable and therefore accentuates the requirements for
2-5
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non-structural deors. .In this area, however, shear loads as well as axza.l
loads and bending moments are taken through the external stringer-skin

combination.

- Magnesium sheet reinforced with magnesium stiffeners and edge members

provides the necessary strength to withstand air pressures for the non-

- structural doors. Magnesium sheet attached structurally to the stringers

provides strength at temperature required for the remainder of the surface

structure.

Preliminary indications show that the temperature of the stringers would
not exceed 250°F. Thérefore, 7075-T6 extrusions are considered to be
the best choice. This is based on the relatively high level of loading im-~
posed and assumes choice of a section shape such that these stringers

can be stressed to a high percentage of the compressive yield strength,

DESCRIPTION OF STRUCTURE

PR Y

Forward Rack (See Fig. 2-1)

The forward rack, 60" diameter, gxtends from the interface at SS 244.5 to
the tank joint at SS 294. 08, Eight equally spaced attach points at the
periphery-on the forward face of the ring at SS 244, 5 provide attachment for

-the payloads and shrouds of Agena vehicles, either directly or through

an adapter or mission peculiar rack. Provision is also made through four
attach points at S5 248, 5, for support of payloads that attach to the interior
at the interface. Two large hinged non-structural access doors provide a

means of readily inspecting all equipment, and replacement of all equipment

~ except for the antennas, and the PAM and IRP units. These latter two

units are located respectively on the plus and minus X axes, and provision
for installation and replacement of each is accomplished by removal of

structural doors. Directly aft of each of these doors is a structural door

frame to wh1ch an‘antenna is attached. Circumferentially on each side of

the IRP structural door is a non-structural door encloging the horizon

2-6
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sensors and which is ejected at booster-Agena separation. The remaiﬁdei‘-

of the surface skin is structural. The interior structure consists of e'ig”lit{';
longerons bounding an open truss framework. R

Attachment of payloads and shrouds and access through structural and _
non-structural doors are shown by the attached figures. (Ref. Flgures 2 2
and 2-3.)

Aft Rack {(Ref. Fig. 2-4)

The aft rack has three equipment versions:

a. Minimum equipment (ascent version)
b. Maximum equipment (orbited version)

¢. Solar array.

The de51gn achieves the objective of accommodating each version without s s

weight penalty. This is accomplished by using a basic structure for the A
ascent version to which the addition of two side'beams provides the
necessary support and strength for miscellaneous equipment trays for the

other two versions.

Basic Structure

The basic structure consists of two channel shaped beams, one located on
the plus X-axis and the other on the minus X~axis. These two beams extend
approximately 50 inches aft of the engine thrust cone where they are attached -
to a common ring. Each beam is supported by the thrust cone on the forward
end and by two parallel diagonals at the aft end. Each diagonal extends
forward and attaches to the engine thrust cone at the plus and minus Y-axis

respectively. In short, the structure is basically two cantilevered trusses.

Additional Structure. To accommodate the equipment trays, two beams are

-added to the basic structure, one on the plus Y-axis and one on the minus
Y-axis. Each beam extends from the common aft rmg to a point on the

engine thrust cone where the d1agona.ls are attached.

2-7
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Four sets of rollers are mounted on the channel shaped beam at the aft
ring, and four more at the engine thrust cone. Ullage rockets are supported
at the aft ring, .

Booster Adapter, The booster adapter, 60" in diameter except at the skirt',-‘l

extends from the separation place at S5 388.55 aft to the Thor/Agena inter~
face at SS 492. 01. A separate conical Atlas adapter skirt would then extend
the adapter to SS 530 to the Atlas/Agena interface. o

Eight equally spaced longerons attached to structural skin extend the full
~adapter length. '

Hinged non-structural access doors between stringers provide ready access

for installation, replacement and inspection of equipment on the aft rack.

CRITICAL DESIGN CONDITIONS

Forward Rack and Booster Adapter. A prehmmary study of loading conditions .

for various Agena vehicles shows that the loads produced by Nimbus and

Advent are critical for flight.

The longerons are critical for Nimbus wind condition {max. a q). The
internal structure in the forward rack area is primarily critical for the -
above Nimbus condition and for Advent booster burnout condition. The
variation of loading for either of these conditions is approximately within
10% of the other, .

Growth potential of the Standard Agena forward rack is such that a 20% .
increase in loads would result in a weight increase of approximately
10 pounds. This provision permits a greater choice of trajectories and/or

new payloads as desired.

Ground Handling. .Advent is the only existing vehicle which has its payload

attached to the interior structure. This condition is not as critical as the
1

{
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""'" flight condition. Hence, ground handling with all doors, structural and "
- non-structural, removed can be satisfied without any weight penalty.
' Temperature Environment (Ref." Fig. 2-5). A study of the temperatures
produced on the existing Agena vehicles by aerodynamic heating indicates
M that: ' '
a. The complete structure is essentially at room temperature
= _ when maximum flight loads are experienced. This is the
_ maximum « g condition.
b. An effective skin thickness of . 045" magnesium results in a
] maximum temperature of 600°F. This is the temperature to
- which the non-structural skins are subjected. However, the
: highest temperature attained during appreciable air pressure
— ' loadings is approximately 320°F, '
- c. An effective skin thickness of . 060" magnesium results in a
: maximum temperature of 490°F. This is the maximum .
‘-‘ temperature to which the structural skin is subjected. At -
' + this temperature, the critical loading condition is produced by
‘ booster cutoff. The actual stress level is low and well within _
— the allowable stresses of this material for short time duration.
- d. The surfaces are painted to provide the necessary emissivity
factor required for the interior environment during orbit.
'- e, When the sensor non-structural doors are ejected, a thin
- foil shield is used to protect the equipment during orbit,
' t
o - Aft Rack., The critical design conditions are:
a. Maximum axial loads due to booster at booster cutoff
b. Maximum lateral loads due to lateral load factors of 3 g
= ultimate for ground handling operations, and maximum roller
_ reactions during separation of booster adapter '
c. Sufficient rigidity to satisfy dynamic and vibration requirements .
d. Thermal requirements during orbit.

2-9
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STRUCTURAL LOAD PATHS

Forward Rack (Ref. Fig., 2-1). Moments, shears, and axial loads re-

sulting from the shroud and payloadé are resisted at the interface ring at

SS 244.5, except for vehicles whose payload attaches to the intexior structure."'--

at SS 248.5. In the latter case, only the shroud loads are resisted at the

interface ring.

Moments and Axial Loads. The interface ring at 5SS 244.5 is attached by a

web to'a ring at S8 248. 5 and thereby forms a beam structure, which is

attached to éight equally spaced fittings on the perimeter of the interface.
Each fitting is attached to a longeron which extends to the tank joint at

5SS 294.08. Axial loads and moments produce concentrated tension loads

and distributed compressive loading. The tension loads are transmitted

directly through the fitting to the longeron, whereas the distributed com-

pressive loading is carried.by beam action on the interface ring to the

fittings and thence to the longerons. Axial loads resulting from an internally. -

supported payload are transmitted through the internal truss structure to the -
longerons. All longeron loads are transmitted by shear transfer to the ekin
between S5 283 and S5 294. 08 to produce a distributed loading at the tank

joint, '

Shears. The shear loads at the interface can be resisted by any two pairs

of diametrically opposed fittings. Howevet, the preferable pairs are located

on the plus and minus X axes.

Shears Applied at the Interface Perimeter. Shears applied parallel to the

Y-axis are transmitted by the fitting bolts through the {ittings to the struc-
tural doors located along the X axes. Shears applied parallel to the X-axis
are transmitted by the fitting belts thi:ough the fittings, the internal truss
di_agoné,ls, and the ring at 85 283 to the skin aft of SS 283.

Shears Applied at the Interior Payload Attach Points. Shears applied pa.railel

to either the X axis or the Y axes are transmitted thropgh the intexrnal truss
structure and the ring at S5 283 to the skin aft of 55 283.

2-10

LOCKHEED AIRCRAFT CORPORATION : - MISSILES and SPACE DIVISION

™

fas Ban B

A

o Wl

r—

r—1

ey



k

o

k

L

i

¥
|

|

-

i bea

¥

o od

Il

o

. LMSC-448564

Aft Rack (Ref. Fig. 2-4).,. Fore and aft loads are-transmitfed by the

channel shaped columns or struts directly into the engine thrust cone.,

Lateral loads parallel to the X-axes are transmitted by the diagonals to the
thrust cone; lateral loads parallel to the Y-axes are transmitted by cantilever

beam action of the channel-shaped beams.

All structure is basically open truss framework:

a. Affording full acceesibility to the engine and components

b. Providing minimum weight design with standard material and
shapes for each version )

¢. TFulfilling the objectives listed under '"Discussion"

Booster Adapter

Axial loading and bending moments are reacted through the longerons and
structural skin combination. Shears are reacted through the structural skin
only, where required, doublers are provided around the non-structural door
openings. ' ‘

H

SUMMARY

The primary objectives of this study, as stated previously, have been
accomplished by the design presented in this report. The basic features
discussed under "Serviceability, ' "Schedule,' and "Cost'" thus accompiished

are:

a. Recady access to equipment for inspection, maintenance, or
replacement through large non-structural doors with quick=-
acting attachments spaced on approximately one foot centers.

b.  Ease of manufacture, assembly, handling, and replacement of
‘equipment by arranging given subsystem equipment and all

wiring in modules, . '

c. Simple construction through use of dtandard materials, shapes
tooling, and shop practice.
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The basic features diécussed under '"Performance' are more difficult to

evaluate. Direct comparison with previous vehicle design may be quite

misleading since the basic ground rules are different. However, a table o s

showing weights of component structure is presented (Ref. Table 2~9),

The inherent increase in weight of the interior truss structure of the forward ~

rack over a comparable monocoque design is considera.bl.y offset by using
structural mass to distribute heat and by using high strength aluminum or

magnesium extrusions where temperature environments permit.

The key point of reliability is considered inherent in this design where
" simplicity and proven materials, méthods, etc., are used to a large extent

and where standardization will permit large numbers of vehicles to be
produced.

4
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Table 2-1
STANDARD AGENA EQUIPMENT LIST

Item
STRUCTURE - BASIC EQUIPMENT

Forward body and equipment rack
Propellant tank {modified clip locations)
Aft body and englne thrust cone

Aft equipment rack

Fairings over tank section
Fairings over separation fittings
Booster adapter (Thor)

STRUCTURE - OPTIONAL EQUIPMENT

Booster adapter extension (Atlas)
" Equipment mounting trays - aft rack

PROPULSION ~ BASIC EQUIPMENT

Engine, BAC 8096

Propellant feed and load system’

Propellant pressurization valve package

Propellant pressurization gas bottle

Destruct system - shaped charge T
~ initiator

Booster retrorockets

PROPULSION ~ OPTIONAL EQUIPMENT

Secondary propulsion system
Ullage orientation rockets
Engine restart kit:
Starter can v
Fast shutdown valve {oxddizer)
Delayed restart kit:
Starter can
Fast shutdown valve (oxidizer)
Isolation valve - oxidizer
Isolation valve ~ fuel
Pressurlzation isolation valve
Auxiliary lube system _
Alternate helium bottle, 19" dia,

ELECTRICAL POWER - BASIC EQUIP-
'MENT

Inverter, 400"cps, 3¢, 115v ac, Type IB
Power amplifier, 400 cps, 14, 115v ac,
Type 1A

FOCKHEED AIRCRAFT CORPORATION

Part No,

or DCD No.’

new

11319109~( )

new
new

new
new

new

new
new

1062656~7
new '
new '
1062174-5

" 1062569-3

1312289
1062410~1

(re-packaged)
1062655-3

(8096.474510-1)
(8096-472010~3)

(8096-474510-1)
(8096-472010~3)

1062804-1
1062804-1
Not avail.
Not avail.
New

1062816
1461173,
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GUIDANCE AND CONTROLS -

Table 2-1 (Continued}

Item

Inertial reference package, Mod IIIl A
Horizon sensor, Barnes

Velocity meter, Mod II

Flight controls electronic package
Primary junction box

Secondary junction box -
Sequence timer - ascent (mod pexr |
EM 949)
Pneumnatic contrel system:
Thrust controller
Control package
Valve - quick disconnect
Controel gas storage bottle,
.. 2200 cu. inm,

Hydraulic control system:
Hydraulic power package
Actuator

Part No.

or DCD No.
BASIC EQUIPMENT

1062256-9

1461004

1461045-1

1317312
new

1317320 (mod)
1317324

1461316
1062668-1
1060550-11
1062643-1

1062525-3
1062509-1

GUIDANCE AND CONTROLS - OPTIONAL EQUIPMENT

Pitch reaction wheel

Electronics - pitch reaction wheel
Control moment gyro

Control moment gyro

Auxiliary sequence timer

Auxiliary sequence timer
Roll-yaw steering unit
Control gas storage bottles:
900 cu in,
1728 cu in,
2200 cu in. (spherical)
2200 cu in. {cyl)

1062706-1
1315322
1062611-1
1062611-3
1321478

1325130
1461337

1062508-1
1062163v3
10621745
1062643-1

COMMUNICATION AND CONTROL - BASIC EQUIPMENT

» LOCKHEED

Transmitter - VHF
dc-de converter
PAM junction box
" Control multiplexer (40 KC)
{16 channel)
Sub-multiplexer (128 channel), Type II

2-23
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1062837
1062851
new

1335846-50

1311928-503
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Table 2-1 (Continued

Part No. No.
Jtem or DCD No. Req.
de to dc converter {+ 60/-20W) 1461397 1
Type IX ' '
dec to dc converter {(+30/10W), Type X 1461411 (mod) 1
Switch - main power transfer 1062515 ' 1
Switch - dc relay - 1062316 2
Filament transformer {velocity 1062708 1
meter) 6. 3v ' : _ -

. Disconnect - adapter 1060735-1 1
Receptacle - umbilical 1062494-1 1
Wiring harnesses {per mockup) new : “as req.
Secondary battery (destruct system), 1062095 4

Type 111 :

ELECTRICAL POWER ~ OPTIONAL EQUIPMENT

Primary batteries - Space provisions for
one Type I or IA and one Type IIA, IV,
V,or VIin forward rack, or two Type
11,1V, V, or VL. Additional space pro-
visions in the aft rack for up to eight
batteries of any of the above types
without modification of the rack.- -

Type L 1060629G

Type 1A 10609058

Type IIA . i 1062170

Type IV 1062168

Type VA ' : . 1461387 '
- Type V1 : _ 1062762

Type VI A S 1461198

Secondary batteries - Rechargeable
battery for use with solar array oY
other dc generating equipment),
Type 1A 1066651-3
Secondary battery (destruct), Type VI 1461408
(Equivalent to two type IIl's )

Solar array installation: :
Solar collector assembly, Type L1-2 1312121

Control junction box (2) 1309632
Solar sensor {2), Typell 1062835
Sun seek sensor, Type 1L 1062836-1
Voltage limiter box {4) 1308900
Solar array drive assembly (2), 1310386
Type 1 ,
Stepping motor (4), Typ2 1 1062659
Extension rate motor, Typel 1062658
Flex harness (2), Type 1l 1461074
2-22
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Table 2-1 (Continued)
_ Part No. No, . = .
Item - or DCD No. Req. R
Sub-—multiplexer {64 channel), Type Il  1311929-503 1
Signal conditioner 1318811-501 1
Signal conditioner 1318810-501 1
RF switch {coaxial) 1600299-1 1
VHF ascent antenna 1310511 1

LMSC-448564 .

COMMUNICATION AND CONTROL - OPTIONAL EQ UIPMENT

Beacon transponder 1062562 :
Beacon decoder 1062563

RF switch {coaxial) (3) 1600299-1
RF power divider 1613857-1
RF power divider 1613857-~3
Power divider, Type MT- 434 '
VHF power amplifier 1062861
Acquisition transmitter, Philco 1024504
Antenna multicoupler 1062243
Interim programmexr, Type 6 1062281
VHF orbit antenna new ‘
Beacon ascent antenna .1303915-503
Beacon ascent antenna 1311847
Beacon orbit antenna new
Power control unit new
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