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- FOREWORD

' Presented here is a plan for
i acceleration of the WB-117L pro-
- gram. The effort in Preparing this
o Plen was initiated in response to
. . requests by AFEMD to consider at-
- Ploneer reconnaissance
! ' capability by March 1960. Also
included 1s the introduction of
l the Thor missile into the pro-
. gram as a booster vehicle.

} Freliminary considerations
! of program acceleration were pre-
' sented to Maj. General B. A.
» Schriever 5 December 1957. Mr.
] Robert Gross stated at that time
that Lockheed would draw on its
: entire facility as necessary to
J ‘ expedite the WS-117L development,

e . )
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The WS-117L program now under development has as its objective
the provision of complete reconnaissance systems utilizing satellite _
borne sensing devices. The material here represents a development pla.n'
for accelerating this program, and has been Prepared by the Lockheed
Missile Systems Division in its role as the Ws-117L Weapon System Con-
tractor.

In the course of negotiations on 12 to 19 November 1957 tbr fhe
WB-117L definitive contract, it vas requested by AFBMD personnel that
Lockheed consider modification. of the program for a potential accel-
eration. Included was -consideration of increasing the tempo of vehicle _
firings to assure greater probability of pProgram success and to reduce
the development time scale of a first Pioneer Visual flight capability
by one year to March 1960. Subsequently it was requested that consig-
eration be given to developing the Pioneer Ferret system to a time
Scale comparable to that of the Visual.

In view of recent emphasis on nissile veapon systems, it appeareq
sppropriate to the Contractor to consider the inclusion of two alternate
&pproaches in the development program: (1) The use of an IREM missile
88 a booster, and (2) The physical recovery of reconnaissance photographs
from the orbiting vehicle. Both approaches have been a rert of the Con-
tractor's over-all Program concept from its :lncejtion but had beeh shelved
due to initial funding limitations. The combination of the two approaches

LOCKHEED AIRCRAFT CORPORATION
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The Contractor believes strongly that shoulq additional funds be
available for enhancement of the U. 8. military Program, consideration
should be given to Sugmentation of the present W8-117L progrem in the
Eanner and amount shown in Figure 1. This vould alloy ceapitalization
of the established broad WS-117L bage tovard expeditious accomplish-

ment of 1ig military objectives. Expanding the vehicle firing rate from
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SECTION I
PROGRAM SUMMARY
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1.1 Development Plan
1.1.1 System Considerations |
As a result of itg Irevious WB-1171L, activities under the
direction of AFBMD, the Lockheed Migsile Systems Division is thoroughly
familiar with the A.:I.r'Force's requirement for developing earth satellites
having the capability to perform reconnaissance of very strategic military
significance. Primary categories of reconnaissance are visual, ferret

efforts will also be undertaken to Provide a limited reconnaissance
capability as soon as possibile.

The Air Force and IMSD have recently hegotiated a program
of effort toward these ends. The Development Plan herein presents ways
and means to accelerate the existing progranm through increased effort and
materiel-augmentation with the eventual result of earlier operational
capability and increased overall effectiveness.

more complex, with each point of capabilityelbodyingthe best compromige
between scientific state-of-the-art and early availability of Reconnaissance
Weapon Systems for military use, mo enhance this effort, the basic pro-
gran would be supplemented by the development of ap alternative Photographic
Payload which can be physically recovered from a vehicle on orbit. In
this case, the WS-117L vehicle would be boosted to orbit by a Thor Boogter
and would carry a recoverable visual payload similar to that described in
recent Rand Corporation literature.

IMSD's overall activities are organized in the following
phases: '

1.1.1.2 Prﬂ I,

The objective of this program is the achievement

of orbital capability on an accelerated time gecale. The mrogram calls

MISSILE SYSTEMS DIVISION
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for the design and development of a basic WS-117L vehicle utilizing a
liquid-fueled orbit-boost engine and providing capability for carriage

of various payloads. Vehicle design is based on a gross weight, with
fuel and payload of 9300 pounds that allows the off-loading of fuel or
peyload for satisfaction of special flight objectives. Final Program I
flight for demonstration of orbit capability is established for February
1960. The achievement of a reliable capability on an accelerated time
scale requires the initiation of orbit flights by October 1958. The first
four of these flights will utilize the Thor IRBM because of their early

‘ availability. The succeeding ten flights will be boosted by the Atlas

ICEM in accordance with existing plans. All flights will be orbit-tries.
Concurrently with the  achievement of an orbiﬁl capability, a considerable
effort will be spent during Program I in obtaining initial orbital testing
of visual, ferret and infra-red reconnaissance payload eombonents » partial
subsystems and later, compbte subsystems. These tests will provide the
extremely important developmental phase of orbital environmental test
conditions and will contribute to the accelera.tioh of an early reconnais-
sance capability in later programs. '
1.1.1.3 Px.'ogam II.

The objective of this program ls the achievement
of pioneer visual reconnaissance capability which includes wapping physio-
graphic features at a ground resolution at one hundred feet and a Jocational
accuracy of one mile. Objectives of such reconnaissance are airfields,
industry complexes and sea coast installations detectable at this scale.
While Program II is not covered in detail in this Development Plan, it
should be noted that the first Pioneer Visual Reconnaissance flight will
be launched from I.0.C. in March 1960 as specifically directed by AFEMD.

_ ' Program II-A. The objective of this program is
the early achievement of a Visual Reconnaissance capability through utili-
zation of other techniques and sources than those incorporated in existing

'h e
;f“l“" {
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basic WB-117L Weapon System Program. fThis is done via utilization of
panoremic camers techniques currently available from aerial reconnaissance
state-of-the-art. A requisite pa.:"t of this program is the utilization of
recovery of the Visual Payload from the orbiting vehicle by utilizing
techniques described by the Rand Corporation. In this program, basic
W8-117L vehicles » each loaded to approximetely 7200 pounds » would be

- boosted by a Thor IRBMs to orbit about 135 statute miles above the earth.

Following acquisition of reconnaissance data » and at an appropriate point

in its orbit, & command signal would initiate Trecovery of the Payload
through utilization of retroactive rockets. The descending capsule would
be recovered from a pre-selected point in the Paciftic Ocean, North of
Hawaii. Data thus .collected would have approximately the same character-
istics of resolution as that prescribed for Program II above. It envisioned
that the objectives of this rogram could be satisfied by six firings the

1.1.1.4 Program III.

The objective of this rogram is the achieve-
ment of Pioneer Ferret Recomnaissance capability and will provide the
ability to intercept electromagnetic emissions from the equipment of
potential enemies; to return the intercepted information to an appropriate
location in the continental United Btates, and to record and process this
information into a form suitable for further Processing. The first flight
of the Pioneer Ferret Reconnaissance Frogram is scheduled to be launched
from the I1.0.C. in April 1960 in accordance with AFEMD's request.

1.1.1.5 Advanced Development Programs
. Later develop;:n: Programs will be carried out
in order to mrovide an advanced reconnaissance capability. Program Iv,
the Advanced Visual Program, will provide greatly increased ground resgo-
lution (20 ft.) with a locational accuracy of one half mile. The system

'-
"
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ey incorporate features to allow the programming of the camera to point
to areas of specific interest. Progrem V, the advanced ferret program,
will extend the operational capability of the Pioneer Ferret Progra:_n.

. Programs VI and VIII represent the development of contimuous satelldte
surveillance systems utilizing advanced visual and ferret sensing
systems. '

1.1.1.6 Program VII
The Infrared Surveillance Program has as an
ultimate objective, a system of satellites on orbit, placing unfriendly
territory under continuous and complete surveillance. Initie.'l.ly the
early system will be capable of detecting ICBM launchings and transmit-
ting en immediate varning of an imrinent attack, |

1.1.2 Bubsystem Considerations
1.1.2.1 Airframe Subsygsten

_ The airframe Subsystem consists of the structure,
Propulsion tankage, outer skin, installation supports and certain mechan-
ical and electrical equipments. The major portion of the development
effort on this subsystem will be conducted at IMSD including design, fab-
rication, assembly, and ground support equipment development. IMSD will
rely heavily upon outside purchase for small components.
1.1.2.2 Propulsion Subsystem

The Propulsion Subsystem consists of the main
orbital thrust rocket engine with the associate propellant feed system
and control mechanisms » the thrust producting system for vehicle atti-
tude and roll control, the suxiliary rockets for ullage control together
with all necessary ground based support equipment used for the testing,
calibrating, checkout and servicing of the subsystem. All research,

development and fabrication of the orbital thrust rocket engine will be
prerformed by Bell Aircraft Corporation. IMSD will rerform the over-all

. subsystem development activities.

LOCKHEED AIRCRAFT CORPORATION
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1.1.2.3 Anxil:l.a_rz Power Subsystem

: The APU Subsystem consists of the electrical
Pover system for the complete satellite system together with the necessary
ground support equipment. The subsystem design and development 1s being
conducted by IMSD with appropriate subcontracting for specific battery
énd other subsystem developments. ‘ :
= ~ L1.1.2.h Ouidance and Control Subsystem
The Q,lndance and Control Subsystem consists
_. , ~ of equipments required to fulfill functions associated with the initia)l
| boost, cosst, orbiatl boost, recrientation, and orbital stabilization,
IJBD is directing the over-all dmlo;inent of the necessary equipments
required. Major components such as the inertial reference package and
the horizon scanner will be developed by eppropriate subcontractors. Both
component and complete subsystem tests will be conducted by LMSD.
1.1.2.5 Visual Reconneissance Subsystem
_ _ The Visual Reconnaissance Bubsystem consists.
of the satellite-borne equipment required to collect, process, and store
' visual pictures and lster to convert these pictures imto video form for
i transmission to the ground with equipment vhich 1s s part of the Ground-

Space Communications Subsystem. /’nm subsystem also includes the neces- ean bl ‘
b 4

j' tion of subsystem equipment being subcontracted to Eastmen Kodak Company.
1.1.2.6 Rlectronic Reconnaissance Subsystem

} of the équiment required to collect rediations, store, process, and con-

{ : vert to appropriate form for treansmittal to the ground via the Ground-
Space Commmications Subsystem. The subsystem also includes ground-based
equipment for Processing the data. The over-all development program is

i directed by IMED with major subcontracting to Airborne Instruments Labora-
tory for specific equipment developments apnd to Haller, Raymond and Brown

] - for Intelligence analyses. ’

. . ol

.
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The Ground-Space Communications Subsystem con-
8ists of equipments to perform the following functions: Acquisition ang

Tracking; Telemetry; Reconnaissance Data

Link; Vehicle Antenna Systems;

Ground Station Comm:l.cations; Computers, Timers, and Command System,
IMSD will dipect the over-all design, development and test of these
equipments. The Phileo Corporation as the major subcontractor will

T 1de2.9- Bystem Memagement—— e

runs will satisfy hecessarily reduced test requirements. In the many- {

tactur;gg a.reé., it will ve necessary to

stream-line Procedures for draw-

ing release, specification compliance, pilot line production, materiel
Procurement and other associated problems, Plans are now being laid to

bring about thege desirable end results,

LOCKHEED AIRCRAFT CORPORATION
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of menpower presents a particularly imposing problem because of the
unusual skills required and the ‘heavy éecur:lty requirements imposed. The
imediate implementation of a brogram for acquisition of new personnel
mst be undertaken. Growund Support equipment for this program, as well
as associated facilities » Will be developed under an integrating plan by
IMSD, although, extensive outside purchase of equipment is contemplated .
Both the acceleration of the program and its enhancement, of reliebi)ity
will be accomplished by strong sugmentation of testing for checkout and
like equipments.

GONFIBENTIAL
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is indicated that the WS-11TL has a higher payload capability than the
Vanguard because the WS-117L is the proper size despite the higher
specific impulse of the Vanguard engine*. : . _
~ In order to launch a satellite the last stege mist operate at
orbit altitude. This means that & two-stage satellite must be launched
on a less than favorable flight path from a performance point of view.

' Ifasma.llthirdstageisaddedit&llmthgaecmdstugetobeoper-
ated at lower altitudes and at a higher trajectory efficiency. Thus,
although this small third stage does not contribute significantly to-
vard the total impulse, it does allow considerably greater payloads.
This point is i1llustrated in Figure 1-2.. '

RAMD has assumed such & scheme in order fo get enough paylaéd
capability to place their i'econnsissanee capsule on & useful orbit using
the Vanguard se‘éond stage. ‘Use of the small third stage versus a two-
stage satellite is disadvantageous for reliability reasons and also
becuuse the last stage is not fired until the vehicle kas coasted to
8pogee, vhich in the case of a three-stage vehicle is several thousand
miles down range. For example, the RAND-agsumed veliicle does not go. °

i on orbit until it is nearly in the Anta.rc_i:ic region. This introduces

 considersble difficulty in monitoring any functions while establishing. -

the orbit. - Furthermore, unless a guidance system is included in the

‘ last stage, great uncertainty is mtrod.uced':l.n'the type of orbit that is

established. o :

On the other hand, the WS-117L vehicle will go on orbit within

900 miles of the lainch point and ihis is considered. to be quite signif-

icant for both guidance and instrumentation. ‘

In the Teller Committee report, it was stated that the "ws-1171
I vehicle ona.'l'horwmu.dyielda)otohoo:pmndsonorbituproposedby

’ Lockheed." Indeed, the material presented by Lockheed was based on the con-
i ditions that the payload would be placed accurately in an orbit with the

. latter useful for reconnaissance purposes (i.e., polar), The Contractor's
[ *Mhe Vanguard engine does not have a pump and relies on tank pressures

2 e

of 300 pei. At sizes comm
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performance figures were based on detailed designs, on rigorously opti-
mized trajectories utilizing the 1103A computer, and on g large amount
of system design data of aatellite-type vehicles as a result of the
WS-117L program over the last three Yyears.

The Contractor has not been able to show on this same basis
useful payloads of "k00 to 800 pounds” for the Vanguard secong and thira
stages as proposed by Douglas in the Teller Treport, 01; the large payload

wardly from AFMTC, !ind.er these circumstances the WS-117L vehicle would
enjoy a similar increase in payload capability, but such an orbit is not
useful for reconnaissance purposes. The remaining difference might be

the offing it would be highly desirable to consider’ same in context with

Plexity of either a three-stage satellite or the development of higher
performance propulsion systems. Higher performance systems will pay

for themselves in the WS-11TL program in the early Atlas boosted vehicles
as well as in later applications of the Thor missile, For this reason,
the Contractor is Presently proposing to intensify the effort under the
advanced WS-117L Propulsion system that is already a part of the WS-117L
development progrem. It is planned to sponsor develomment of a modified

high performance engine of 3’-&0 to 440 seconds specific impulse, using
rluor:lne as the oxidizer. The utility of higher performance engines in

Summary Section.
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" 1.2.3 Recoverable Reconnaissance System

The early Recoverable Reconnaissance System is based upon
the concept of the physical recovery of high resolution photographs of enemy
territory taken from a satellite arbit. Coamplete coverage of the USSR
North of 45 degrees latitude is accomplished by a satellite orbiting at
an altitude of 135 statute miles and scanning 45 detrees each side of
vertical during a four-day period. ‘ '

The method for the meéhanization of this concept makes
use of the dynamics of & rotating body to maintain proper orientation in
inertial space as well as using the spin of the body to operate a trans-
verse pancramic cemera. This method results in a relatively lightweight
reconnaissance package which is quite compatible with the performance of
the Thor/117L System as rreviously discussed.

Figure 1-3 shows the general reconnaissance scheme and
Figure 1-4 shows the sequence of events for a mission. It can be seen -
that immediately after establishment of orbit the vehicle and camera
rackage are oriented for proper photography over the zone of interest.
After attitude orientation the camera Dackage is caused to spin at ap-
proximately 18 RPM and is then separated from the vehicle. This rota-
tion is sufficient for stabilization purposes. At this rotation rate,
camera operation on every third revolution over the zone of ':lnterest Pro=-
vides contimious coverage. FProper timing of the camers operation is
_ obtained by canb:l.ning Joint operation of a timer and sun sensor.

. j  After a sufficient mumber of passes have been made by o
| vehicle, the reentry and recovery phase of the mission 1s initiated ag
i the package passes near the Zenith over a selected tracking station in
Alagka. A signal is initiated vhich will cause a solid propellant rock-
f - et in the package to modify the orbit so that the package re-enters the
earth's atmosphere. During passage through the atmosphere the vehicle
' slows to subsonic velocity. A heat shield on the forward end of the
- package, accomplished by use of a material ablation technique, will pro-
I tect the reentry body and internal components from the intense heating

; LOCKHEED AIRCRAFT CORPORATION m MISSILE SYSTEMS DIVISION
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encountered as the vehicle reenters the earth's atmosphere. The distance
 from initiation of the rocket to the impact in the ocean off the West
Coast of the U. S. will be about 1500 miles. The CPE of the impeact will
be approximately 30 miles. Air and/or Raval surface craft will be util-
ized in recovery aided by radio beacon, SOFAR, and/or sea dye marker
signals.

The Recoverable Reconna.isaance System selected here
18 quite similar to the one proposed by RAND (RAND Report RM 2012),
but dirrers in two ways..

: First, since the entire WS-11T7L vehicle goes on ordit
before ejection of the capsule, the latter is simply spun up and separ-
ated. Becond, only the camera and f£ilm, and the recovery camponents
are contained within the recovery body which reduces the mass reentering
the atmosphere and also gives an improved stability through better
center-of-gravity location. Analysis by the Contractor Yielded over
100 pounds of ablation material needed for the RARD recovery weight
(compared to 60 pounds computed by RAND). By reducing the weight of
the syutem being recovered, retention of the 60 pound figure was allowed.

‘ The panoramic camera system assumed by RAND 1is a vari-
‘ ation of one developed by Fairchild Camers and Instrument Corporation
) for aircraft application. Fairchild has auhn:l.tted & proposal to Lockheed
for the camera portion of the pre-pioneer reconna.iau.nce system and '
| their material is included in this report.

| Ta¥al i
: TN |
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1.3 ement cts
A complex undertaking such as the acceleration of the
W8-11TL negotiated program requires the contractor to make g careful

‘survey of_ his capabilities and objectives before assumption of the

many responsibilities of such a Program. The Management of Lockheed
fully appreciates the implications of this effort and is prepared
to accept both the responsibility and cha.neng_e inherent in it.

In the past, Lockheed Aircratt Corporation hag successfully
undertaken design and production of many military and commercial
aircraft, as well as several guided missile Weapon Systems. These
undertakings have allowed the build~up of substantial resources,
Tacilities, equipment, and skilled hanpower. LMED has accomplished
& proportionate buildup in both its functional organizations and
the WS-117L Project.

Using these people as o nucleus, IMSD will immediately
implement additional and expedited efforts to assure that the
accelerated program objectives are met. These include standardi-
zation of equipment designs, establishment of a close-knit, proj-
ectized team of hmanagers, designers, fabrication specialists and
test personnel---centrally located--- to assure concentration on
problems peculiar to the WS~-117L Program. It will also include
simplification of drawving release Procedures, specification
compliance and acceptance Procedures; as well as augmentation
of test hardware equipment, necessary increase in facilities and
nmaximum uge of subcontractor capabilities.

To undertake this complex operation, it is assumed
that Lockheed will be given immediate contractual authorization’
to proceed and will be provided necessary hardware and services
(1.e., Atlas vehicles) as required. It assumes availability of
appropriate Air Force facilities and supporting services a.t;. such

vl
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locations as ARMTC and the IOC. The expedited approval by the A{r
Force of such things as subcontracts for Purchase of bardware, es.

on the program is a basic requisite. _
As & major consideration, it is assumed that full coopera-
tion will be glven by the Air Force in obtaining for the Contractor
industrial and test facilities, machinery and equipment ag needed in
support of the acceleration of the program,
1.3.1 Prioritx Items
l. The following items are those on which an immedi-
ate "go-shead" op Priority action is required in

connection with the implementation of an acceler-
ated WB-117L Program: '

B. 8ubs: tem B - Pro sion

(1) Adequate Priority suthorization to IMSD by
approximately 15 Jamary for the purchage
of pressurization system components.

(2) Authority to approve Bell Aircraft's pur.
chase orders for approximately $50,000 1n
engine materials and rarts between 15 .
Jenuary and 1 February 1958,

(3) Authority to negotiate a subcontract with
Bell Aircraft for engines, ground handling
equipment, and Support services in time
for a "go-ahead" date of 1 February 1958.

(4) Require adequate priority to obtain solia

bresently scheduled delivery of 10 months.

C. Subsystem D - Guidance and Control

(1) Authority be granteq by approximately 10
Jenuary 1958 to:

VISION
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(a) Initiate a crash program on the horizon
scanner

(b) Inttiate a crash program on the propor-
t:lonal_va.lve.

(c) Initiate a cragh Irogram on the inertial

cure two Titan reference packages ag
GFE by 1 April, and one per month there-
after, until the inertial reference
pPackages are available),

Subsystem C - Auxiliary Power

crystal in 45 days, in lieu of Present 90
day delivery schedule.

Subsystem F . Blectron;c Reconnaissance

(1) Authority to provide necessary additional
to Airborne Instruments Laboratory,
Inc. (AIL) vy approximately 15 January 1958,
in order to retain engineers and technicians
immediately availabile, '

Subsystem B - Ground-Space Comnmuni cations

(1) Waiver of Military Specifications for drav-
ings as well as JAN 8pecifications in con-
_bection with Philco-supplied equimment and
services. Instead, specifications in ac-
cordance with 8ood commercial practice
should be authorized,

Ground Support B nt

Interim Tracki Stations (Cooke ana Hawaii

(1) TIM-18 concrete foundations are required by
July 1958. Tme Air Force should either pro-

R K
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A. FUNDING SCHEDULE
.\
. Monthly
Cosg.
Jan. 58 $ su7,615
Feb‘ 11938)775
March 2,751,587
April 3,69k,250 - -
" May ' 4,391,580
June 58 h‘:671:918
July 58° 4,937,665
Aug. 5)279,717
Sept. 5,946,043
. Oct. 6,071,612
Nov, 6,128, 45
" Dec. 58 6,004,220
Jan. 59 5,956,306
Feb. 5,084,851 -
March 5,910,554
April 5,915,117
May 5:821:861&

June 59 '.

5,801,507

LOCKHEED AIRCRAFT CORPORATION

46,359,216

52,363,436

58,319, Th2
&,303,393-
70,214,947
76,130,064
81,951,928
87,753,435

88,098,323
94,334,943

SoEatdined
$ 618,120
2,833,241
6,024,983
10,370,316
15,612,171
21,279,944

23”3§§’§§I
31129!6827 :

9k ,027,172
95,141,193
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WS-1171L PROGRAM ACCELERATION cogp
B, Etrice Summary
' : A “Hours . amoynt _ Amount
Direct Labor-Management, 162,299 4 816,688
-Research & Development 1,472,102 5,861,910
: ~Hardware - 2,031,433 5,716,k23
Total Direct Iabor 3,665,834 $12, 395,021
Development Overhead _ 16,277,024
Contract & Mministrative Expense , . h,l&rzua '
Total Labor & Overhesa $32,859,157
Material : | $ 5,401,688 -
Direct Charges ~ 3,57h,625
Total Material g Direct Charges : ' 8,976,313
Subcontract . ' ‘&6!661!965
Total Cost . $88, 503,435
Fixed PFee ' 6,637,758

Total CcPrp $25 !11&1!19;
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1.4
WS-117L PROGRAM ACCELERATTON COST

C. Summary A'by Subsistem

Labor &

Hours - Overhead
' Management 162,299 $ 1,4sh,783
Systenms " 1,501,249 13,456,636
Subsystem A T13,076 6,391,745

i Subsystem B 2k, 720 2,193,587

Subsystem C 37,076 511,608
Subsystem D 169,554 1,519,818
Subsystem E 17,k17 156,119
Subsystem F 21,851 195,864
Subsystem G - =

Subsystem H 118,589 6,978,997
Subtotal 3,665,83% $32,859,157

Direct Charges
. Total Cost

Fixed Fee

Total CPFF

*At Project Averag_e Rates

——

! Subsystem A - Vehicle

J Subsystem B - Propulsion
Subsystenm C - Auxiliary Power

" Subsystem D - Guidance & Controls

LOCKHEED AIRCRAFT CORPORATION

Vaterial sSubcontrect - gota)
$ - $ - $ 19h5h1783
2,856,032 261,000 16, 573,668

75,082 . LI T i0e%8e
255,549 10,108,530 12,557,666

139,20" 2,03 ,630 } 2,6&,“‘2
573: T4 2,383,180

b,912 10,224,552 0, 385,583
6,161 6, 292,884 - 6, l"9“.0909
609 000

o )m >
1,140,110 16,555,645 au, 674,752
$5,401,688 $46,667,965 $8f+.,928,810.

3,574,625

$88,503,435
6,637,758
Q2!1h1£193

Subsystem E - Vigual
Subsystem F - Perret

Bubsystem G - Infrared
Subsystem H - Ground-Space Comm,
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L .
WS-];I.7L PROGRAM ACCELERATION COST

D. BSummary by Element

: Labor & ,
| : Hours - Qm}m .M mbcont;-act Total
Management 162,299 $ 1,454,783 $ .- 3 ___ $_1,454,783

e & Deve, t ' ' ' .
Design & Development 471,062 " § h,222,118 $ 530,119 22,477,182 - $27,229, 719

Test & Operations 868,982 7,189,221 263 1,033,816 9,086,562
Ground Support Bquip., 126,672 1,135 b0 576:53 1,356,488 3,068 415
Buman Engineering 5,384 - 48,256 _——- . — 48,256

Q.P.R.T C ema, - . ae= e ——-
Total ReD ‘ 1,472,100 $13,195, 341 $1,370,122 $24,867,486 $39,432,549

. e v . . ) . . |

Tooling & Mockup 10,218 $ 987,950 $ 89,165 $ 1,416,963 $ 2,494,078
Fab. Assem. & Instal. 1,102,181 9,879,539 1,817,791 19,653;133 . 31,350,463
Ground Support Fabr. 350,245 3,139,461 2,124,610 730,383  5,994,ksh
- Mfg. Services - - k68,101 4,202,083 == ——- . L, 202,083
Total Rardvare = 2,031,435 $18,209,033 #4,031,566 $21,800,479  $uk, 041,078
Subtotal - - : 3:662‘82 ---$;_2‘gw $zlh01,688 &6!661‘255 .84,928,810
Direct Charges . _ . 3,574,625
Total Cost - ' $88, 503,435
Fixed Fee : : 6,637,758

Total CPFF | $95,141,193

¥At Project Average Rates

LR B ted ) N
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1.5 Follow-on Reconnaisgsance Ms

The program presented here assumes ten Thor/Ws-117L
satellites fired at one Per month starting October 1958. This is
considered sufficient to Dbrovide a good start into Pre-pioneer
Tecoverable reconnaissance mission. From the standpoint of overall
WS-117L system capacity, it 1s logical to cdntinue firing Thor

‘boosted versions of the W8-117L at least on the one-per-month basis

and at even higher rates at such times as it is shown that, say,
an infrared varning net can be performed using the Thor version.

The application of the present WB-117L vehicle to the Thor
to Provide-an early recoverable reconnaissance capability was
discussed above. This system will provide 300 poum! payload capa-
bility on a polar orbit which is ample for pre-pioneer type visual
reconnaissance.

In approximately a year subsequent to this cepebility the
Atlas boosted reconnaissance systems should be available having
useful payloads of over & ton. Thus, there must be a special reason
for 1ncreasing the payload capebility of the Thor in this later time
Period. B8uch can be Justified only if:

a. There are unique applications for the Thor cepiteliz-
ing on its relatively lower cost over the Atlas and,

b. If the methods used to provide additional payload-
capability are either developed wder other Programs
or are also useful to Atlas boosted versions of the
W8-117L. .

Use of Polaris second stages as a stage intermediate
between the Thor and the WS-11' 1;111 yield about 600 pounds useful
Payload with the Polaris A and pounds with the Polaris B. Intro-
duction of higher performance prt;pulsion to the W8-117L vehicle will
Yield considerable :l.ncrease; in '.H:or/WB-ll?L vehicle payloads and
will also be useful to the Atlas versions. Substituting UDMH to the
presént Hustler engine ana increasing its ares ratio to 20:1 winn
¥ield about 277 seconds and increase the payload from 310 to 430
poimds. Use of a fluorine/ammonis system at 340 seconds will yield

MISSILE SYSTEMS bivisioN
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about 800 pounds. Even higher specifics of LhO seconds (vy. fluorine/
hydrogen) have been considered but the increase in tank weight using

hydrogen may offget this improvement unless some nev method (such ag

decomposition of high-hydrogen compounds) is found for hydrogen stor-
age,

. These higher specifics will not bring a commensurate increase on
the Atlas due to the latter's load limttation, If, hovever, & =
structurally stronger booster of equivalent perfarmence to the Atlas
(such as the Titan) 1s employed to allov 11 bemests of a 340 secona
Propulsion system (optimm sige vehicle about 20,000 pounds) then
Payloads of the order of tvo tons can be realized. This is the sort
of size needed for the recoverable’ capsules of mamned satellites.:

If both the Polaris internediate stage and the W8-117L high
performance (3%0) propulsion system is used, Thor booster satellites
Of 1300 pounds of useful payload at lov altitudes and several hundred
Pounds at altitudes around 1000 miles are conceivable. o '

In ansver to requirement &) then to wvhat use can the Thor versions
be put that are of a special nature? The most promising of these from

in a satellite. Combining this feature to that Provided by the standard
WB-11TL system of a stabilized vehicle will allow even longer focal
lengths to be employed. Focal lengths of 120 inches should be attaina.
ble vithout state-of-the-art. o

In these long focal 1e£gth cases it is b@.cal to return only the ‘
£ilm cannister and not the camera proper to keep the recovery system to
a reasonable gize, "

The W8-117L ferret mission probably would be sugmented advantageous-
1y by bhaving a quick reaction capability-sort of a gap filler-special

MISSILE SYSTEMS DIvVISiON
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burpose type ferret systems. This would allow the regular Atlas-boosted
versions to concentrate on overall surveillance type missions. Again the
Thor's relatively lower cost might be or_ﬁn;l.te advantage in this type
mission,

rogram. To provide contimious coverage for instantaneous Va.rning of
enemy ICEM'S will require networks of 30 vebicles or more. Because of
random distribution effects, payload operational limitations ’ e.ttrifion )
Possible enemy countermeasures, it is conceivable that many vehicles
will be needed each year, Higher altitudes will decrease the mmbgr
heeded which places & premium on a highly reliable, long duration (such
88 solar powered) payload at altitudes of around 1000 miles. Using

be put up with a Thor, Whether this more sophisticated yropulsion
system will offset the lower cost of the Thor over the Atlas is not
known at this time.

reconnaissance system to the WB-117L program will mrovide not only

& very early reconnaisgance capability but also a useful special pur-
Pose system and perhaps the most economical vay of putting up part of
the infrared varning netwoz;l;l The addition of physical recovery
systems to the Program wiuan{t add much to its flexibility but the

=0T
i
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2.  MANAGEMENT CONSTDERATTIONS
\.

2.1 eed's Corporate Position
The Management of the Lockheed Aircraft Corporation fully appreciates
both the vital national importance of successful acceleration of the WS-117L
Program, and the inherent developmental difficulties associated with this
complex Weapon System. Ilockheed is prepared to accept this responsibility

and successful program accomplishment, Further, the contractor has
determined that those Decessary resources can be Provided in consonance
vith the accelerated program.

2.2 Contractor's Egtablished C 11ities

Weapon System Research and Development requirements, the Corporation
created the Missile Systems Division in 1953. PFrom inception, this
Division has been planned and directed to function as o prime Weapon
System Contractor. In this cé.pac:lty, it is supported to the fullest
extent by the resources of the parent COr_poration. _
Successful achievement of the rigorous requirements and
sgﬁhedule, 8 proposed herein, is premised on the extensive resources
in facilities, equipment, and the gkilled scientific and t;echn:léa.'l.
bersonnel -already devoted to the Present WS-117L effqrt; and the
successful experience already gained in the solution of technical,
production, and operational problems associated with the X-17 Re-entry
Test Vehicle Program, X-7 Ramjet Engine Test Program, X-7B Guidance
Test Vehicle Program, XQ5 Target Drone System, and the Kavy's Polaris

LOCKHEED AIRCRAFT CORPORATION m MISSILE SYSTEMS DIVISION
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Missile Program. Skillg also available to this effort include the
Engineer:lng_ and Manufacturing Staffs of Lockheed's Californias Division,
the creators of such products as the P-80, P-9k, P-104 and the Electra

 Turbo-prop Tran sport.

2.3 edited Methods for Accelerated Pro Acc ishments

In order to achieve the accelerated Program accomplish-

ments, IMSD w11l initiate expedited measures such as:

&. Basic efforts already underway in support of the
current WS-117L Program will be advanced by immediate
standardization of the vehicle structure and
immediate release of usable Preliminary hardware
drawings into the fabrication shops. :

b. A close-knit highly skilled team of designers,
fabrication specialists and test personnel is
being formed, centrally located, and Provided with

| all necessary equipment, Utiligation of maximm
shop aids rather than Class ."A" tooling ana
direction by a maneger with full authority to
make "on-the-spot" decisions affecting progress
of the work including procurement of materiel, de-
sign changes and fabrication techniques is Planned.
Units will concentrate.upon the first series of
vehicles required to initiate full-fledged WS-117L
vehicle flight tests in October, 1958, ~ (The suc-
cessful employment of this technique has been
demonstrated within the Lockheed Corporation by
similar action resulting in the development of
the F-80 from a completion of preliminary design
to first flight readiness i 137 days; and the
more recent Jet Star Utility transport, an elapsed
time from design inception to flight test of
34 weeks.)

REREE
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¢. In parallel with b. above, IMSD Proposes to
"projectize" the overall W8-117L effort in
recognition of its critical importance and
expanded scope, in contrast with the present
"functional” organization arrangement which
provided a broader base of available skills
Wwith wvide-spread = application of specialized
talents. Action significant in thig direction
has already been taken on the part of Lockheed
Mansgement by assignment of increased authority
and responsibility to the WB~117L Program Weapon
System Manager of the Missile Systems Division
as of 1 January 1958. Further centralization
of supporting functions in both location ana
direct lines of authority will expedite materiel
flov and exevution of Program operating plans.
d. The release procedure for all bardware drawings
during the basic development phase of the
Program will be streamlinedq, dapendgnt upon
Air Force waiver of Specification requirements
(See Assumptions). This expedient will require
increased informsl liaison between design and
Pabrication Personnel with senior experienced
: Personnel Performing this function. an
' ’ appreciable but acceptable increase in modifi-
cation center re-work must be provided for.
e. Provisions will be made for the fabrication
of additional hardware to Permit parallel
rather than sequential component fabrication,
assembly and testing.

PAMEINTTIAY
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f. IMSD facilities and/or personnel at Sumnyvale,
Pé.lo Alto, Van Nuys, and Sante Cruz, plus other
Lockheed facilities operated by the California
Division and Georgia Division will be utilized
as required.

8. Maximm use will be made of appropriate sub-
contractor capabilities and outside production

of components from suitable vendors.
2.4 Manpower and Ski11 Availabilitz
Manpower and associated sciAentir:l.c and technical skill
requirements have been detemined available as necessary to
support the program in accordance with the following premises:

a. IMSD personnel Presently supporting the WB-117L
effort provide the essential nucleus for effort
requiring immediste go-shead. These qualified
bersonnel will be supplemented promptly with
additional experienced Personnel from within
IMSD plus personnel obtained from both the
California ‘and Georgia Divisions of Lockheed,
on either a transfer or loan basis as required.
A1l such personnel currently are authorized
"Secret" security clearances. )

b. The National, State and Bay Ares labor markets
Present suitable specialized talents in
adequate quantities to satisfy anticipated
requirements. Rffective exploitation of this
veluable asset is critically dependent upon
Air Force support in expediting necessary
security clearances for such "ney hires"

(See Assumptions).
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d.
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IMSD will be given contractual aithority to procveed
no later than 1 February 1958. ILimited authority
to initiate efforts on longer lead time high-.
Priority items will be given by 15 January. (These
high Priority items consist of inérea’sed engine
delivery requirements and associated accelerated
development efforts ; additional ground test vehicle
assemblies; accelerated development of the Pioneer
Visual Subsystem; accelerated procurement of
Auxiliary Pover Subsystem components; accelerated
development of Pioneer Perret -Subsystem; aceel-
erated development and production of ground support
equipment with modification as necessary for Ws-
117L/Pror leunching. ) |

Availability of necessary Thor vehicles, Douglas
Aircraft Company Thox lamnching crews, anda adequate

technical assistance and cooperation from the

Douglas Aircraft Compeny organization will pe
available, ’

Availability of becessary Atlas vehicles with
Convair launch crews for launching operations at
AMMIC and at IOC 1f required, plus adequate
technical assistance and cooperation from the

~ Convair organization will be available..

Ava.ile.bility of necessary Air Force facilities

and supporting services necessary to s@port the
Program st: (1) amMrc, (2) I0C, (3) Hawaii Commana
and Tracking Station, and (4) Alaska Conmang and
Tracking Station will be available.

MISSILE SYSTEMS DIVISION
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The Air Force will establish Procedures for
expedited handling of {tems requiring Air Force
approval, prarticularly in regard to epproval of
subcontracts and the purchase of major items
required in support of the proposed Program.
Provision wil) be made to permit IMap to sub-
contract the construction of the superstructure
and installation of g TIM/18 tracking radar st
tlie Ioc. -

Special equipment requirements, ang Alr Force
flight crews will be available for high altitude -
Tlights to assist in Ferret Subsystem tests.

Such aircraft must be at the disposal of Imsp

for a period not less than six months. '
A DX priority for the Program will be estébl‘iahed
by the Department of Defense to support the
contractor's scheduled program efforts,

Overtime efforts Tequired to support the

brogram will pe approved by the Air libme_.

A basic forty-rive (45) bour work weex vill

with additional overtime requirements anticipated
in eritical planning, design, and fabrication
areas. '

Reasonable Specification deviation authority
W¥ill be granted as may be required to expedite

MISSILE SYSTEMS DIVision
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2.6 Program Plan

IMSD's approach to. accomplishment of ‘program acceleration
Vill be organized as follows: '

2.6.1 Eroject Management

The Management e.ctivit:;es at IMSD Pertaining to the

- US~-117L Program are defined as follows:

2.6.1.1 Weapon & stem er and Staff
This activity includes the central direétion of
the program by the Weapon System Manager, his direct Assistants, the
Technical Director, technical consultants ag &ppropriate, and the secre-

ordination of in-plant, STF, and flight test activities, Planning for
and coordination of ground support equipment design ang manufacture,
Tacilities and logistics pPlanning, ang training and QpRr. Planning eng
coordination. : _

| 2.6.1.4 Technical Research and Devel t

This activity includes the Planning ang direc-
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mmg tion and Services

This activity includes the Veapon_ System office
management, correspondence control, stafr personnel adniniatrat:lon,‘ and
supporting direct administrative service functions necessary to conduct

the program.

2.6.2 Bystem Considerstion

2.6.2.1 Research and Dw
System Design Btudies

designs of Possible environmental chambers and studies to establish _efrects
of orbit environment characteristics on the vehicles; perform operations
‘analyses to determine dasigh requirements of Grotmd Systems; Pperform
studies and system design requirements of the total grownd systems.

System Test and Checkout

evaluation and thermal control, and comprehensive system test and check-
; outs on the captive test vehicles, the system test vehicles and each of
the flight test vehicles.

| S
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Flight Test Planning

The contractor will perform planning
activities required invthe establishment of the complete flight test

program. This Planning will include the determination of detailed
test requirements and objectives 8o that system perrormange can be

The contractor will conduct limited
operation of the tracking stations at Cooke AFB and at the Rawaiien
Station to permit use of the AN/TIM-18 and associsted equipment at
the time of the first flight in Program I. In addition an Alaskan
station will be operated to provide tracking and command functions for
the second flight of Program II-A. :
' Design of Government Facilities
The contractor will establish site
seiection criteria, for each of the government facilities reqﬁired
by the WS-117L system. Included is the pProvision of technical ag-
sistance, provision of design criteria and detailed designs of these
i © facilities as required. '
round rt Equi t Desi
: : _ The .contractor will conduct the design,
f of all those ground support items of equipment which are required for
transporting and Preparing the complete W8~117L vehicle for launching
i - Or ground test such as handling, transport, service, checkout anq
countdown. .
] ' Human Engineering
The contractor will accomplish the fol-
’ lowing activities in support of human engineering effort for the W8~-117L
: system: determine the human engineering requirements for W8~117L; super-
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Qualitative Personnel Requirements Information

The contractor will earry out the necessary
effort required to brepare, publish and submit periodicelly to the Air
- Force detailed studies concerning the qualifications of and training -
required for operating personnel for the time period when WS-11TL will be
operationally employed.
2.6.2.2 Hardware ,

The contractor will furnish system hardwsre
defined as those major assemblies such as vehicles, sroimd support equip-
ment, models, and mockups and tooling which are comprised of or affects
more than one suisystem and which is required in the conducting of the
overall development brograms for the WS-117L.

Tooling _

The contractor will design and build
various types of tooling fixtures required in the assembly operations
for the varicus ground and flight test vehicles. '

Assembly and Installation :
| The contractor will assemble the 'rollov-
ing types of vehicle assemblies in support of the W5-117L development
Programs: space utilization»mdels; functional mockups; captive tegt
vehicles and flight test vehicles. In addition to the system vehicles
the contractor will fabricate, assemble and test system grouna support

, equipment such as checkout equipment, launch monitor and control equip-

ment, servicing equipment and handling and transportation equipment
required by the various system vehicles at the IMSD m-planf., System

Test Facility and at the flight test bases,

2.6.3 Subsystem Considerations
{ : 2.6.3.1 Airframe Subsystems

- The Airframe Subsystem consists of all primary
; end secondary structure, pmpella_nt and pressurization tanks, aero-

J dynamic fairing, structural supports, installation brackets and ﬁtting_s,

and the mechanical angd electrical installations in the satellite not

——
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assemblies, and Tlight vehicles. The major Portion of effort on this su-
system will be conducted at IMSD to enhance maximm integration of design,.
fabrication ang assembly. The rapid acquisition of small components and
hardware will pe 8ccomplished through extensive outside burchases. The
Scope of this work includes a1l analysis, breliminary design, detat]
design, development febrication and test. Tt also includes the develop-
ment of necessary growna swport equipment. ‘

2.6.3.2 Propulsion. Subsystem

v The Propulsion Subsystan consists of the
orbital thrust rocket engine, the space-borne propellant Pressurization,
Teed and loading gystems (other then fiug and gas tanks), engine gimbale
(but not. gimbal actuation or power. SUPPly for these actuators ) and the
equipment required to start, stop and control thrust magnitude in response
to an electrical signal from the ground or from the Guidance and Control
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- the Imertial Reference backage will be developed by appropriate sub-
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2.6.3.3 Auxiliary Power Bubsystem .

The APU Subsystem consists of the energy source
and power -control conversion equipment necessary to furnish the electrical

lifetime. The over-all subsystem design and development is being conducted
at IM3D, whereas certain specific developments such asg batteries, voltage

these items.
2.6.3.4 Guidance ana Control Subsystem

The Gﬁidance and Control Subsystem is based upon
the developement of equipment required to fulfill functions essociated
with each of five different phases of flight. These phases are Initial
Boost, Coast, Qrbital Boost, Reorientation, and Orbital Stabilization.
Major equipments required therefore for the Atlas boosted vehicles are
the ground-based General Rlectric Radio guidance. system; the vehicle-
borne Inertial Reference Package (consisting of a'bodywmounted gyro
reference system and two accelerometers), an integrator, an attitude
and time programmer, the auto-pilot, gas control valves, engine hydraulic
actuators, and the borizon scanner. Thug the W5-117L Guidance and
COntm.'!. System is made up of a composite of ground-based radio guidance
equipment;, modifications to the ATLAS airborne guidance components and all
components mounted in the WB-117L orbit vehicle. The horiron scanner ang

contractors. The additional orbit vehicle guidance and control equipment

for use in Program I flight tests will be designedq, developed or ‘pur-
chased and assembled by Lockheed. Both component and complete subsystem
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2.6.3.5 Visual Reco 8 'c 8
The Visual Reconnaissance Subsystem consistg

of the satellite~borne equipment required to collect visual information,
to process and store this information, and at the proper time to re-
convert the stored information to an appropriate video signal for trans-
misslon to the ground by the Ground-Bpace Bubsystem. The Visual Sub-
system also includes the ground-based equipment required to take the
output of the data 1ink and reconstitute the video signa) into photo-
‘graphic form, to Screen the usable data from the waste, file the datae
by geographic reference and to provide such analysis as i8 required to
check and control the operation of the subsystem. It also includes

elements of the Visual Reconnaissance Subsystem. 2 series of ‘operational
capabilities shall be attained in chronological sequence as defined below:
Ploneer Vis_ua.l Reconnaissance ’

These photographs as finally reconstituted on the ground, will dbe of such
quality as to permit the resolution of the standard AF medium contrast
test pattern as defined in Mi1-8tandard 150, with dimension W equal to
50 ft. The location of any part of any photograph shall be determinable
with an érror Do greater than one mile. :

Ad
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Pioneer Ferret Reconnaissance Pro :

The Pioneer Ferret Reconnaissance Program
shall provide the ability to intercept electromagnetic emissions from
the equipment of potential enemies; to return the intercepted information
to an appropriate location in the continental United States, and to
record and process this information into a form suitable for further
Processing. . _

Advanced Ferret Reconnaissance Pro,

In general, this Program will endeavor

to extend the operational cepability of the Pioneer Progran. |
Perret Surveillance Program

'J.’he‘ Ferret Surveillance Program consists

of the development of e surveillance type ferret as well as other

‘electronic migsions. This program is similar to the Advanced Ferret

Reconnaissance Progrem, except that an integrated ferret system will
be used. It will be bossible to vary the frequency bands and other
signal parameters to be monitored on command from the ground.

‘ The over-all subsystem development program-

18 directed by IMSD. The major effort on the subsystem is executed

through contracts with the Afrborne Instruments Laboratory, Ine. for

the development of Specific equipment and with Haller, Raymond and Brown,
Inc. in the areas of intelligence, analysis and advanced studies. In
addition, the Program 1s supplemented at IMSD through specific analysis,
research and development in the fields of advanced antenna and radio
frequency component design, propagation considerations, and in the
analysis of ground data handling anda simulation techniques. The sub-
contractor will develop and test the Electronic Subsystem in its entirety.
Upon receipt of the PFerret Package, IMSD will first check out the unit

@8 a subsystem, then upon installation intothe flight vehicle will perform
& complete systems test.

o=
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ground lineal coverage to be retained are to be reduced by a factor of 6.
The location accuracy will be increased to & maximum er:tor of half g mile.
The system may incorporate features to ellow the Programming of the camers
to point to areas of specific interest. v | '
Visual Surveillance Program
The Visual Surveillance Program leads to

development of a continuous surveillance system which will keep Russia

under constant scrutiny. ) -
‘ Primary effort of LMSD is applied to
planning and directing the execution of the development program for the
Visual Subsystem. Major hardware effort is being subcontracted to
Eastman Kodsk Company. Smeller subcontracts for a video recorder and TV
fea.sibilityv studies are being let to other subcontractors with major
capability in these fields.

2.6.3.6 Electronic Reconnaissance Subsystem
H

The Electronic Reconnai ssance Subsystem
consists of the satellite-borne equipment required to collect intelligence
information ang radiation in the region of the electronic magnetic spectrum

between 50 and 18,000 me. ber second, to store this information, to filter

‘Oor process it as may be necessary, and at the proper time to reconvert

1ndéxed information, i.e. reconnaissance data, time and vehicle position,
etc., to a form required by the date Processing system. 8pecial test anad
handling equipment will also be included,

. A series of operational capabilities shall be
attained chronologically as defined below. These: shall be considered
the minimm design objectives for -operationa.liy acceptable systems. A

er:-L"&;»"Ag
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2.6.3.7 Infrarea Reconnaissance-Surveilla.nce Subsystem
This infrared brogram has az =n ultimate .

occur, and to :lnmediately transmit this information to the ground, and
%o provide unambiguous varning of ICBM atiack, (2) to track ballistic

‘missiles during their burning stage with sufficient accuracy for trg-

Jectory and impect Prediction in ATCEM epplications, and (3) to detect
exhaust plumes of large air-breathing missiles and aircraft to Provide
early warning of attack by such vehicles and for surveillance of air
traffic patterns &8 an indicator of the imminence of hostilities.

The over-all subsystem program ig being directed

of operational utility of very high altitude orbits. In eddition, there
are several major efforts underway through subcontracts with Ba.ird-Atomic,

Inc., General Mills, Inc., Bastman Kodak Company ang Aerojet-General

Corporation for various phases of the program.

for bardware wi{ll be minimal Prototype development. Some development
hardware will be flight testeq; however, it will be under controlled
envimhmentai conditions. The Primary effort will be a study to deter-
miné the availability of components and establishing design criteria for
fabrication of Special hardware items. There will be no tooling or
special t'est equipment required in the fabrication of this equipment
other than that mentioned in the subcontractor section dealing with this
subsystem. '
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2.6.3.8 Ground-Space Communicationg Subsystem
The Ground-Space Commic_.-at:lons Subsystem

consists of equipment to perform the following six functions for the

WB-1171, Weapon System: : .
Acquisition & Iracking: To locate the

vehicles in time and space and predict their location at future times.

Reconnaissance Data Link: T transmit
reconnaissance data 8athered by vehicles to the grouna stations,
then record thig data at the ground stations ang store it or relay

respect to the earth's surface during ascent, erection, and on orbit.

Intra and Inte Stat tion; Pro-
vide for intra-ana inter-station commnmnications. Thig can be accom-
plished in many ‘different vays, e.g., by telephone lines, radio relay,
forward scatter links, etc. Both narrow ang wide band linkg wil) be
required. '

ers, Timer, anqd Command System: Prepare

and transmit from the ground stations to the vehicle commend signalg which
schedule the Tuture perfornﬁnce of the various vehicle functions. Generate
accurste timing signals in the vehicle and on the groung for synchronizing
Operations and for accurate progr: .

R BUARS Y. o
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above.

For early flights, an interim Capability
Vill be establisheq by making maximum use of available range tracking,
telmetry;. and other instrumentation, Existing vehicle~borne equip-
ment vill be utilized wherever practicapye. During this contract
period, however, the major subsystem effort will Proceed concurrently
in the study, investigation, research, snd development of advanced
equipment compatiple with the system requirements,

IMSD will direct ‘the over-all design, develap-
ment, and test of the Ground-Space Commmications Subsystem but will
subcontract major elements gg required to assure early availability of
equipments. Ag the major ‘subsystem subcontractor, the Phileco Corporation
will have the responsibility for the development of the integrateq sub~-

tests on component g angl the assembleq subsystem, Upon incorporation
into a flight vehicle, thig subsystem will also receive comprehensive
t)est:lng in associated work, payloads, and other associateq eqQuipments.
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1. moxer na - 2. sacumty 3. PROSCT Numan
Advanceq Recon'naiuancp Weapon System 17 Secrgc::: W8-1171,
(Accelergted Program) ' - % & MPoNT DAny
6 January 1958
6 BASIC PBLD O SUsmecT 7. SURED on WS Smescee 7A. TECH. Ony,
Strategic A1y Ha.rra:re_ b
8. COOMIZANT Aeency - 1. CONTRACTON ANS/OR LASCRATORY CONTRACT/W.0, NO.
Air Resea.rgh and Development .
» Hq"'"m"‘“""' MISSILE BYSTEMS DIvISTON
Ballistie 8sile Division
OMCE sYmeoL , TRIPHONS MO, _
1. mumnu-m ' 13 RRATID PROSMCTS 17, 851. COMPL. DATR
" Hq UsAr HB-lO{A L
s "5‘31')1 .
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AMC- - CNO~ 14. DATE APrROVES 3 [RCATw. )
AFGC-P UBA
ATC-P C/8-1
8ac-c Other 18. PriomTY 118
ADC~C CIA-I
1. . :
20. REIQUIRSMINT AND/OR NSTINCATION
The WS-1171 Advanced Reconnaissance System 18 now under develomment
in accordance vith the W8-1171, Sta of Work, WDTR 57-171 (8ECRET) as
modified by the recent negotiations for the Revigeq Contract Cost PrOPoaa.l,
IMSD 2785, ( SECRET). 1n conformance vith the national need for accelerating
and augmenting missile programs for strategic warfare, the Program
¢ | must be &ccelerated ang Sugmented. Thig accelerated rogram o
+| requested vy wprR 57-&53’(m0m) in to 1M3D- (8RCRET) 15 designed
0 fulfill, within the earliest Possible time scale, the military require-
ment outlined in Generay Operational Requirements (80) gs-20 dated 11 March
1955 and System Requirement 5 dated 17 October 1955, stated in the latter
document ag follows:
' "Provide continuous ( visual, electronic, or other) coverage of the
USSR and satelite nations, for survei Cce purposes. Timeliness of
receipt of the intelligence information 1g essential, with daily recon-
naissance coverage at high resolution the ideal. 1 consideration of the
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requirement for earliest availability of the Advanced Reconnaissance
System, the engineering progression and Air Force acceptance should be
from the lesser to the greater resolution,”
The types of intelligence required, in order of priority are:
1. Btrategic Warning
2. Enemy Military Porces in Being
+ Enemy Military Btockpiles or mermnuclearAtMc Weapons
k. Enemy Logistics Capabilities
5. Enemy Industrial War Capabilities
[}
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2la. m;;ta_rx Characteristics

The military characteristics of the 117L accelerated program
are essentially unchanged from those forming the basic concept for the
present 117L program and are described in MSD-2011. The approach is
somevhat modified by the use of the 315A Series IV missile to boost the
117L vehicle for earlier orbiting flights, '

21b. roach to an Early Recoverable Reconnaissance System

In order to augment the main 1171 program and obtain reconngig-
sance data at the earlfest possible date, operational recoverable recon-
naissance vehicles will be launched at appropriate locations. A 35

- series IV missile will supply the first stage of propulsion. The 117L

vehicle will supply the second stage of propulsion to achieve orbital
velocity following a short coast period after separation. The orbit to
be established will be essentially circular at an altitude of approxi-
mately 135 miles for the main task of reconnoitering USSR territory sbove
ks degrees north latitude. .

Imnediately after establishment of orbit, the vehicle and
Camera package are oriented to a predetermined attitude. The camers
Package 1s then caused to 8pin at approximately 18 revolutions per ,
minute and is separated from the vehicle. Thereafter the camera Pbackage
vill maintain a fixed orientation in inertial. Space as it orbits about
the earth. The rotation of the Package provides stability and the spin
is used by the camera to scan and photograph the earth beneath the path
of the satellite at appropriate intervals quring the period of trave)

USSR above 45 degrees north latitude. After a sufficient number of passes
have been made by a vehicle, the reentry and recovery phase of the mission
is initiated. On the last circummavigation the camera package will pass
near the zenith over g tracking station. A recovery signal will then
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rocket. The impulse so imperted to the package will modify the orbit
80 that the package reenters the earth’s atmosphere. During passage
through the atmosphere, the package slows down to subsonic velocity
before impacting in the ocean in a predetermined area. It will de
retrieved after being detected and ioca.ted by aveilable radio and sonar
methods. _

Data to be obtained from the recovered £1im will be similar
to the data to be obtained from the Pioneer Visual System except that.
the relative lpcation of targets in o single sweep will be less Precise,
and the time lag between acquisition of data by the camera and start
of data processing must of necessity be much greater due to the Bequen-
tial nature of the complete read-in and recovery operations.

Subsystems ‘ '

Yehicle. The vehicle subsystem consists of the space frame
structure of the final stage, the mating details of the vehicle-booster’
stages, the vehicle~-camera backage, the reconnaissance package struc-
ture, and its reentry shield. The space frame structure also includes
Propellant and pressurization tankage. The existing vehicle design for
the present progrem will be used and modifieq only where absolutely
nece.ssa.ry to provide compatibility with the Teconnaissance package and
Thor booster. ' '

Propuleion. The "XIR-81 Bustler” engine as presently con-
tracted for will be used. :

Guldance and Attitude Control. The lightweight interim inertial

guidance system will be used in conjunction with the ACSP inertial guid-
ance system in the 315A Series IV migsile. Reference for attitude control
of the vehicle during coast, during orbital thrust, and at Pitch-over wil)
be obtained by means of a horizon scanner.

o g j{\.f’""f"
uum’tbLa‘aHAL_
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The camera paékage is inherently stable in inertial space

+ during the mission due to 1ts spin. The gravitational forces and aero-

dynamic forces encountered by the camera package during the mission life
Will not unduly change the orientation of the package.

Ground-SEce Communication. The reconnaissance backage will

carry equipment to enable ground stations to acquire and track it in

‘ space, to in:ltie.te the recovery phase, to receive selected information
about internal functions of the package and vehicle by telemetry, and

to detect and locate the reconnaissance package for Trecovery purposes
after it has returned from orbit to the earth’s surface.

L2
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3.2 General Design Specifications
3.2.1 General

3.2.1.1 Statement of the Problem
==2ment ol ‘the Problem
The attaimment of program goals is dependent

on establistment of a f£irm Plan for ground and flight tests which will
permit logical development of all required equipments and human capa-~

bilities.

The program of hecessary flights is outlined in Table 3-1 of

vehicle flight test objectives,

Program I.

FLIGHT NO.

Table 3-1
IMSD WS-117L ACCELERATED PROGRAM
APMIC Launch -- Effective Launching Direction, 108° Trie

PRIMARY FLIGHT TEST OBJECTIVES (TRST AND EVALUATION OF
ITEMS BELOW)

No. 1

(Oet. 1958;
Thor Booster;
7,000 1b OTV;
Oorvit Try)

(1) ov Propulsion System, (2) Separation Mechani sm,
(3) orbital Vehicle and Adapter Systems, (4) OTV Telem-
etry Systems (Interim), (5) Ascent Guidance, Extrapo-
lator, and Transition Guidance and Control, (6) Interim
OTV Auxiliary Power Supply System, (7) Data Acquisition
and Tracking Systems at I0C and Hawaii (Interim), *
(8) Thor Booster System, (9) Ground Handling, Check-out
and Launch Systems.

No. 2

(Rov. 1958;
Thor Booster;

Oorbit Try)

(1) o Propulsion System, (2) Ascent Guidance, Extrapo-
lator, and Transition Guidance and Control Systems (Inter-
im), (3) Reorientation and Orvit Attitude Control System,
(4) Separation Mechanism, (5) Orbital Vehicle and Adapter
Systems, (6) oTv Telemetry Systems (Interim), (7) omv
-Auxiliary Power Supply System (Interim), (8) Data Acqui-
sition and Tracking Systems at IOC and Hawaii (Interim),
(9) Thor Booster System.

No. 3

(Dec. 1958;
Thor Booster;
T,000 1b OTV;
Orbit Try)

(1) o1V Propulsion System, (2) Ascent Guidance, Extrapo-
latox;, and Transition Guidance and Controls Systems (Inter-
im), (3) Reorientation ana Orbit Attitude Control System,
{h) Camponents of the Orbital Attitude Damping Systems, -
5) Components of the Envirommentel Comtrol Systems,

(6) separation Mechaniem, (7) Orbital Vehicle and r
Systems, (8) orv Telemetry Systems (Interim), (9) Data

Acquisition and Tracking Systems at I0C and Hawaii
(Interim), .

LOCKMEED AIRCRAFT CORPORATION
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Table 3-1, (Cont'd)

FLIGHT NO.

PRIMARY FLIGHT TEST OBJECTIVES (TEST AND EVALUATION OF

No. 4

(Feb. 1959;
Thor Booster;
7,000 1b OTV;
Orbit Try) .

(1) OTV Propulsion System, (2) Ascent Guidance, Extrapo-
lator, and Transition Guidance and Control Systems (Inter-
mg, (3) Reorientation and Orbit Attitude Control System,
(4) Components of the Orbital Attitude Demping System,

No. 5
(April 1959;

-Atlas Booster;

9, 300 1b 0TV;
Orbit Try)

(1) Ascent Guidance, Extrapolator, and Transition Guidance
and Control Systems. (Interim), (2) Seperation Mechanism, -
(3) orbital Vehicle and Adapter Systems, (4) Environ-
mental Control System, (5) Atlas Booster System, (6) Ground
Handling, Check-out and Launch Systems.

No. 6

(June 1959;
Atlas Booster;
9,300 1bd oTvV;
Orbvit Try)

(1) Ascent CGuidance, Extrapolator, and Transition Guidance
and Control Systems (Interim), (2) Orbitel Attitude

ing System, (3) Demonstrate Effectiveness of ICBM Attack
Alarm System Camponents and Techniques, (L4) Seperation
Mechanism, (5) Orbital Vehicle and Adapter Systems, (6) En-
virommental Control System, (7) Atlas Booster System,

(8) 0TV Auxiliary Power Supply System.,

No. 7

(July 1959;
Atlas Booster;
9, 300 1v O1V;
Ordit Try)

(1) Ascent Guidance, Extrapolator, and Transition Guidance
and Control Systems (Interim), (2) orbital Attitude

ing System, (3) Demonstrate Effectiveness of ICBM Attack
Alarm System Components and Techniques, (4) Separation
Mechaniam, (5) OTV Auxiliary Power Supply Systen.

Ro. 8

(Aug. 1959;
Atlas Booster;

9,300 1b OTV;

Orbit Try)

(1) orbit Attitude Damping System, (2) Interim Ferret
Reconnaissance Package, (3) Components of the UHF Track-
ing and Command System, (i) Components of Advanced OTV
Telemetry System.

No. 9
(Sept. 1959;
Atlas Booster;
9,300 1b o1V 3
Orbit Try)

(1) Components of the Advanced Guidance System, (2) Inter-
im Ferret Reconnaissance Package, (3) Components of the
Pioneer Visual System, (k) Components of Advenced OTV
Telemetry System.

No. 10

(Oct. 1959;
Atlas Booster;
9,300 1b 01V;
Orbit Try)

ponents of the Piocneer Visual Reconnaissance Systen,

(3) UHP Tracking, Telemetry Command, Timing, Sequencing
and Wide-band Data Transmission Systems.

LOCKHEED AIRCRAFT CORPORATION
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PRIMARY FLIGHT TEST OBJECTIVES ()msw AND EVALUATION OF

FLIGET No. * ITEMS EELOW
No. 11 (1) UHP Tracking, Telemetry Command, Timing, Sequencing
(Nov. 1959; and Wide-band Data Transmission Systems, (2) Pioneer
Atlas Booster; | Visual Reconnaissance System Test Package, (3) Components
9,300 1b OTV Advenced Guidance System, _ '
Orbit Try) | .
No. 12 (1) UHP Tracking, Command, Timing, Sequencing and Data
(Dec. 1959; Transmissions, (2) Pioneer Visual Reconnaissance System
Atlas Booster; | Test Package, (3) Components Advanced Guidance Systenm.
9,300 1b OTV H '

. Orbit Try) .
No. 13 5 1) Pioneer Visual Reconnaissance System Test Package,
(Jan. 1960; ‘| (2) Data Acquisition and Tracking Systems at IOC and
Atlas Booster; | Haweii, (3) UHF Tracking, Command, Telametry Timing,
9, 300 1b OTV; Sequencing and Wide-band Data Transmission Systems.
orbit Try)
No. 14 51) Pioneer Ferret Reconnaissance System Test Package,
{Ped. 1960; 2) Tracking, Command, Timing, Sequencing and Data
Atlas Booster; | Transmission Systems.
9, 300 1b OTV;
Orbit Try)

Program II. Pioneer Visual -- Cooke High Latitude Launch

FLIGHT NO.

PRIMARY FLIGHT TEST OBJECTIVES (;!EBTAND!VAIBATIONOF

ITEMS BELOW

No. 1, Mar.'60
No. 2, May '60
No. 3, July'60
No. k4, Sept.'60
¥o. 5, Nov.'60
All Flights

with Atlas

Booster 9300 1b

Vehicle '

(1) The successful.operation of the complete Picneer
Visual Recomnaissance System. (This objective includes
the highly accurate collection and Processing by the
vehicle system of required visual data, the satisfactory
transmission of the data to specified ground stations,
and distribution of the dats
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Table 3-1, (Cont'a)
Program IIA. Physical Recovéry of Visual Payload

:'F'I.IGHT NoO PRIMARY FLIGHT TEST OBJECTIVES (TEST AND EVALUATION OF
—_— ITEMS BELOW)
No. 1 - (1) Compatability of Thor Booster with 117L Vehicle, as

(Jan. 1959; modified to carry Visual Recovery Payload Package,

Thor Booster 3 (2) Recovery capsule's spin ang separation mechanisms,
7700 1b Vehicle; (3) Complete Capsule Spin and Seperation Systens,

Loo 1v Package; | (4) Capsule tracking and ranging System, including cap-
AFMTC Launch; sule beacon and ground equipment at IOC and Hawaii,

135 Mile Orbit; (5) Characteristics and possible errors of capsule or-
Low Latitude) bit, (6) Capsule telemetry and tape recording equipment

during orbit ang reentry; also for measuring capsule
attitude and acceleration, (7) Capsule reentry protec-
¥ive measures, (8) Physical recovery techniques, util-
izing ground commang transmitter, capsule mounted re-
govery rocket system, float beacon for sea recovery,
lights, dyes, markers, etc., (9) Operation of camera
and associated mechanisms .,

No. 2, Mar. '59 (1) Capability of Thor Booster and 1171, Vehicle to suc-
No. 3, Apr,! 50 cessfully launch the recovery capsule into a polar

No. L, May 's9 ordbit, (2) Complete capsule spin and separation systems,
No. 5, June'sg (3) Capsule tracking and ranging system, including cap-
No. 6, July'59 | sule beacon and ground equipment in Alaska, (%) char-

All Flights acteristics and Possible errors of capsule orbit,
with Thor (5) Capsule telemetry ang tape recording equipment for
Booster; measurement of internal and external temperatures dur-

7450 1b Vehicle;| ing orbit and reentry; also for measuring capsule atti-
300 1b Capsule; | tude and acceleration, (6) Capsule reentry protective
Cooke Launch; measures, (7) Physical recovery techniques utilizing

135 Mile Polar ground command tranmtter, capsule mounted recovery
Orbit rocket system, floating beacon for 8ea recovery, lights,
dyes, markers, ete., (8) Operation of camera and associ-
ated mechaniems, (9) The effectiveness of a recoverable
Payload, visual reconnaissance system when operating over
known land masses, ( 10) Operation of camers, during dif-
ferent periods of lifetime of different capsules in order
to demonstrate the ability to secure complete photographic
coverage, :

CMTInTRY
e
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3.2.1.2 AEroa.ch

Introduction |
In order both to accelerste and augment
the present W8-117L Program, an early booster aveilability is a neces-
8ity. The Thor (WS-3154, Series IV) missile can provide a boost cape-
bility for the W8-117L vehicle as resently designed if g reduced payload

in support of the accelerated program.- This payload capability is also
sufficient for an early recoverable 'recouna.iasance system similar to
the RARD. reported in Reference 1. The two programs are mutually sup-

- porting and exclude any "dead end" de ts. In addition to pro-
velopmen _

viding the early recoverable reconnaissance system, the W8-117L /Thor
combination has the potential of being a more economic operational
system for other special purpose Peyloads to be used in conjunction with
the high-performance, WS—ll?L/Atlas, visual-reconnaissance system. Since
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Basically the concept consists of a recover-
able reconnaissance package, placed in an orbit Passing over the poles of
the earth. The packege is stebilized in inertial space by spinning it at
& rate of about 18 rpm. The attitude 1s such that it is horizontal as it
basses over the territory to be reconnoitered. The rotation of the rackage,
1ﬁ addition to providing stability, causes the camera to scan the path of
the satellite from side to side as it proceeds in orbit. After a suitable
number of passes over the enemy territory, the prackage 18 caused to re-
enter the earth's atmosphere and impact into thé Oocean vwhere it is pe-~
covered and the f£ilm analyzed for intelligence data.

Lockheed Adrcraft Corporation has adopted
in principal the RAND concept for reconnaissance. ﬁe 315A Series IV
booster together with the W3-117L vehicle and a RARD-type recoverable re-
connaissance system Payload will provide satellite reconnaissance data at
the earliest possible date. '

Operational %ects of the Rand-tm Recoverable
econnalssance em :

In order to cover completely thé territory -
of interest in the USSR with the least number of missiles it has been deter-
mined that an orbit eltitude of approximately 135 miles 1s desired. Four
vehicles operating over a period of four days will provide complete cover-
ege of the USSR from 45 degree north latitude to the North Pole. The

. decrease in orbit altitude due to aerodynamic forces is acceptable, being
“prroximately 12 miles in four days. An Alaskan site will be s suttanie
location for the tracking station which will also initiate recovery. The
impact will be approximately 1500 miles past the point at which the re-
entry rocket is initfated. The CFE of impact will be approximately 30
miles. Suitable SOFAR, redio and Visual aids will permit Air Force fl1y-
over or Naval support forces to effect surface recovery.

1T
T
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3.2.2 Descr:lglzioh
3.2.2.1 Yehicle

The vehicle subsystem consists of the aero-
dynamically shielded space platform. Thig includes structure to ac-
commodate the other subsystems such ag the reconnaissance system, the
guidance and control system, the auxiliary power system, and the prQ-
pulsion system. The vehicle structure includes the Propellant and
pressurization tankage. The booster mating structure also is considered
as & part of the vehicle design problem. . .

' The vehicle design must meet the following

requirements:

¢. Accommodate the booster selected for first-stage pro-
pulsion, and provide second stage propulsion to attain
orbital velocity.

d. Provide for Proper mating and separation of booster and
vehicle stages and also provide for 8pin up and .separation
of the payload stage for the recoverable reconnaissance
systenm.

e. Optimize equipment Dbackaging to fulrill attitude cbntrol
and envirommental control requirements.

3.'21202 E!g!gsion

Prototype Test vehicle systems. The engine will be glmbaled for attitude
control during thrust. Roll control will be maintained by auxiliary
attitude control gas jJets. These gag Jets furnish attitude control during
coast and effect pitéh down after second stage burnout.

2V X T EaXad Ll )
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tests vith the 315A Series IV booster. This performance is sufficient
for the recoversble reconnaissance mission on g Polar orbit at an alti-
tude of 135 miles. a Program improvement of additional payloed capa-
bility can be Provided by a relatively aiilple specific impulse improve-
ment to 277 1b gec/1b (vacum) by changing the propulsion system to
use UDMH instead of JP-4 while increasing the nozzle expansion ratio
from 14.8/1 to 20/1. ‘

A general study of 'propulsion systems will be
maintained to assure Prompt recognition and integration of ney develop-
ments such as fluorine, which will improve future vehicles.

3.2.2.3 Auxiliary Power

with solar conversion and nuclear power ‘sources are being developed as
-previously planned and vill be incorporated in later vehicles.
3.2.2.4 guidance and Comtrol
Guidance and control of the vehicle may be
divided into several phases. These are:
| a. The boost phase.

b. Transition or ‘coast phase.

¢. Orbdital boost phage.

d. Reorientation phase,

€. BSteady-state orbit.
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Guidance and control during the boost phase of
the THOR boosters will be accomplished by the AC Spark Plug inertial
guidance system since 1ov-eccentr1c:lty orbits are required at the low
altitude (135 statute miles) which requires a nearly circular orbit. For

8reater payload capability. Guidance and control ‘during the boost phase
of WS-117L/Atlas flights will be as previously planned.

' a8 ‘presently envisioned for thé WB-117L system will be used. This will.

utilize a horizon scanner in conjunction vith an attitude programmer
to keep the thrust vector of the vehicle horizontal.

It will also use an integrating accelerometer
to measure the megnitude of ‘velocity gained during orbital boost and
initiate cutoff at the proper time. Pitch down to the proper attitude
prior to payload spin up and separation of the Tecoverable reconnaissance
system will be performed according to program.

| The orbit stabilization system and the more
Precise guidance systems will be included in the program as previously
3.2.2.5 Visual Reconnaissance
A " The eanly engineering test flights vi1l not
Provide vism reconnéissance. The Pioneer ana Advance Visual Systenms

‘Wwill remain essentially as Planned.

The Recoverable Reconnaissance system will
contain & camers being designed by Fairchild. Thig wvill provide an '
early reconnaissance capability with a resolution essentially the same ag
that to be brovided by the Pioneer Visual system with a reduced accuracy
in target location data with ap Increased time between acquisition of

' datas and data DProcessing.
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3.2.2.6 Electronic Reconnaissance

The electronic reconnaissance systems will be
developed in accordance with previous plans with the exception of an
advance in the time scale. ’

3.2.2.7 Infrared Surveillance

8tudy of the possibilities of the infrared

system will continue as planned. '

30 20 208 d- e ic‘tions
The Ground-Spece commmications subsystem
includes provisions for:

a. Acquisition and tracking of the orbiting vehicle or the
visual reconnaissance package. '

b. Command of the vehicle or payload ﬁmctions from a ground
station.

¢. Reception of data from the vehicle at the ground station.
d. The necessary inter-station communications. .

, The ground-tracking and command stations for
the first engineering test flights and the Recoverable Reconnaissance
system flights will be located in Hawaii and Alaska respectively. Air
Force fly-over or Naval support forces for sin-face recovery will be
located in the Pacific Ocean off the West Coast of the United States.

Studies for tracking systems and ground station
site selection for later ‘operational vehicles are Proceeding as planned.

3.2.2.9 Recovery Program

The recoverable reconnaissance system will
req.u:lre' either Air Force or Naval support forces to detect, locate,
retrieve, and deliver the recovered packages. The vessels employed may
be either surface vessels or submarines. The impact area of the recon-
naissance package will be an ares approximately 5 by 25 miles. After
impact the reconnaissance package will provide active signals to permit

LOCKHEED AIRCRAFT CORPORATION MISSILE SYSTEMS DIVISION
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recovery. These signals will be S0FAR signals and radio 8ignals pro-
vided by & beacon. Emission of fluoresceine dye will also provide for
raseive visual detection. ’

3.2.2.10 Data Handling

_The subject of data processing and handling
for the recoverable reconnaissance system will be treated in a separate
document. Planning for £1im rectification equipment to handle known
errors is being accomplished by Fairchild Camers. An analysis to deter-
mine the extent to which this system will fulf{11 intelligence require-
ments must be based on the capabilities of the rectification equipment.
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k.1 Performance of the W3- Series IV and WS-107, SM-6
 Vehtcles s Boosters for s LU 204 ¥B-107, sh-65

The acceleration of the WS-117L program is based on the use of
the WB-315A, series IV vehicle (Thor) as a booster for a second stage
which goes on orbit, The weight breakdown used for the Thor is shown in
Table 4-1, and the performance assumed for this booster is shown in
Figure k-1 This figure also furnishes the data vhich permits calculation
of the amount of weight which can be Placed on orbit for various values
of second stage specific impulse. The results of these orbiting weight
calculations are shown in Mgure 4.2,

the Atlas 8M-65D vehicle as s booster. Its design was Predicated on the
use of an engine having an early availability, as well as having a gross
weight and configuration compatible with Atlag capabilities, The weight
of reconnaissance Peyload which can be put on orbit, using rubberized
versions of the WS-117L vehicle design, are shown in Figure h-3, The
negligible Penalty paid in terms of payload on orbit caused by using
this already designed airframe, guidance, and propulsion system of the
Present WS-117L vehicle instead of redesigning to achieve the optimm
vehicle is also shown in Figure 1.2,

It is '.obv:l.ms from Figure 4-2 that an increased specific im-
pulse will glve increased capability, however, achieving this increased
capability will require an increased engine development time, The feas~
ibility of including these developments as a later Program improvement

Finally the amount of reconnaissance bayload, using the W8-11TL
veblcle as & function of arbit altitude 1s shown in Pigure -3,

The performance of the presently designed WS-117L vehicle when
used with the 8M-65-D ag a booster is elso shown in Figure 4.3, Mhe
design of this vehiele has been determined by the structural strength

oy Y
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of the SM-65D vehicle. For a specific impulse of 263 sec in the final
stage the payload is very little less than that which could be achieved
with a strong booster. It appears, however, that program improvement
would require an increased structural capebility in the 8M-65 vehicles
to achieve the maximum benefit from an increased specific impulse
engine in the WS-117L vehicle.
k.2 Preliminary Design of the Vehicle
The WB-117L vehicle has been designed for use on the SM-65D
vehicle, This design followed extensive analysis. These analyses
covered the required margins of performance, the minimm weight com-
Patible with structural integrity in terms of the gecmetry required
to achieve adequate guidance in ascent and stability on orbit. They
also covered the properties of the chosen materials in terms of the
expected enviromment. These analyses also covered the design of the
maximm performance propulsion system using an engine of early avail-
ability, selection, and adaptation of the best guidance system having
this same early availability, and finally, designing the airborne BYys=
tem to achieve the best total system performance in terms of satisfying
the requirements of satellite reconnaissance.
The size and weight of the vehicle were optimized under the
constraints imposed by the structural capabilities of the WB-lO?,
SN-65, vehicles, the expected enviromment, and the conditions at launch-
| ing as well as during boost.
’ The WS-117L vehicle, as designed for the Pioneer Visual Gys-
tem, was modified to furnish data for the analysis, reported in Appendix
A, covering the performence of the WS-315A, Series IV, (Thor) vehicle
used as a booster. This analysis showed tha.t the same vehicle with re-
' duced peyload very nearly met the conditions of optimum design when used
wvith the Thor booster.
For this reason the WS-117L vehicle was chosen as the second
: stage of a two stage system to achieve orbital’conditions with the Thor
‘booster used as a first stage.

LOCKHEED AIRCRAFT CORPORATION 1 MISSILE SYSTEMS DIVISION
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The modifications of the vehicle dictated by this use are

listed below. - .

&. Revision of the aft structure to eliminate the mechanism
for orbital stability achievement.

b. Revision of the nose structure to accommodate the Rand
Reconnaissance package and furnish spin-up and separation
of f.he package.,

¢. Remove the Pioneer Visual Reconnaissance equipment and
its supporting structure.

‘The weight breakdown of the WS-117L as modified is given in
Teble k-2, Tat of the Thor is given in Table hel, |

A nev adapter was designed to mate the WS-11TL vehicle with
the Thor. This connects the forward end of the present Thor adapter
to the present adapter ring on the WS-117L vehicle. Analysis indicates
that the existing Thor adapter may need stiffening and that the Thor
separation retrograde rockets may need repositioning. These were de-
termined to be minor changes, however.

- The general arrangement of the redesigned WS-117L vehicle, and
the Thor booster are shown in Figures i-k, An early rreliminary design
of one possible version of the Recoverable Reconnaissance package ig
shown in Figure k-5, . _ ,

Separation at the end of Thor boost will be achieved with a
simple modification of the present separation system.

Spin-up and separation of the Recoverable Reconnaissance pack-
age is achieved by using tangent thrust solia Propellant rockets to
achieve the required spin-rate, after which separation is achieved
through the use of a loaded spring. This operation requires a separa-
tion energy of about 8 ft-1bs., The total rocket impulse required to
spin up the package is about 8 1b sec. It is believed that the most
rrecise method of separating at the desired spin rate will be optical,
however, further investigation is required to determine the accuracy and
reliability of this system, and assure ite advantages over other systems.
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WS1171 MDIFIED FOR RECOVERABLE PAYIOAD

Structure
Nose Cone
Forward Body
Mid Body
Aft Equipment Support
Adapter
Misc, Attachments
Destruct Charge and Arming Mechanism
Propulsion Group ‘
Bell Engine Instl,
Propellant Tank Inetl,
Ullage Control Rocket Instl,
Pressurization System

Controls :
Hydraulic Actuator System
Attitude and Roll Control System
Flight Control Electronios

Guidance
Spin System and Separation
Monitor Panel.
Recoverable
Heat Sink
Camera
Attitude Sensor
Container
Battery and Motor
Rocket Case

LOCKHEED AIRCRAFT CORPORATION '

825 wwB® uBwwls

Ruveo EBoEBuES

330

138

Suwew

1556
589k

750

1482

MISSILE SYSTEMS DIVISION




M.

MISSILE SYSTEMS DIVISION

FOVIOVd WALEAS
FONVANO AYOHL

B

o<m_..¢<\>
vVSIE-SM

ININIONVAIYV TVINID IT0IHIA ILTI31VE ]

:
;
<
:
:



ﬁ i ._W_sm.-ma.oo ‘ ‘ ’

a0 1 «—60 DIAMETER
220.16 .
i *_/_SEPARATION
X X STA. O
| { i STA. 50.00
L 54 DIAMETER
3 |
,r ' e THOR GUIDANCE
Lig SYSTEM PACKAGE
| STA. I151.00
\'rnoa WARHEAD
1 - ADAPTER
Sl -1
776.00 L~ T TN
P
-~ _t_ -
/ \ STA. 722.00
Y : :_STA. 778.00

Fig. b-ba Booster-Satellite Vehicle Arrangement
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4.2.1 Redesign of the Rand Pa and Heat-Shield Es

The Rand estimates of the heat shield requirements have
been examined. Assuming the body to be sufficiently stable to orient
itself to a nose-first attitude upon reentry and to maintain this orien-
tation during the trajectory, the Rand estimate of 65 pounds of ablative
material for heat shielding has been verified. However, analysis ind{i-
cates that the Rand configuration is narginally stable which leads to a
revised estimate of the required ablative heat shield weight to about
195 pounds, increasing the total weight of the orbiting system to about
440 pounds, and the reentry weight to 385 pounds.

A preliminary re-design of the reentering shape has
been made. Satisfactory entry can be achieved with the same forward
section and a slightly bulged aft eect:lon.' This capsule contains ap-

| proximately 135 pounds of equipment (dta record, camers, structure,
recovery equipment). Application of the method of Eggers in NACA Tech-
nical Notes, to the resulting configuration establishes the total heat
input to the body surface during the reentry as approximately 2.015 x
10 ft-1b, or 25,900 BTU.

The use of the same design factor used in the Rand
analysis for the weight required for sblative heat shield gives a re-
quirement for 66 pounds on the forward surface of the capsule. An ad-
ditional 25 pounds will absorb the heat transferred to the aft portion

i of the body, during the period when the asrodynamic loads may not be
sufficient to properly orient the body. It presently appears desirable
that the ablative material for this system be a: ﬁberglau-phstic
layer on top of a 0.050 inch MG-alloy shell, backed by foam Plastic
- filler to give the required structural strength. The density of the
| ablative fiberglass-plastic will be about 110 1b/rt3 or 0.0672 1b/:|.n3
for design purposes. '

To achieve the desired reentry weight it appears de-
sirable to jettison the batteries used on orbit and the wind shield

Al at -_r..‘,‘_.n'

VUNTIC Al
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vhich maintains symmetry of shape on orbit at initiation of the firing
of the solid propellant, reentry impulse, rocket. At burnout of this
rocket its empty case is Jettisoned., possibly along with the camera
equipment. The film, ‘stored in a strong container, and the eq_uiment
required to effect recovery, will be in the reentry body.

4.3 Operations Anal Analysis

4.3.1 orbit Implications
Figure 4-6 1llustrates the photographic ground cover-

age that is theoretically attainable with the proposed camera vehicle
on a circular polar orbit at a consta.nt 135 miles altitude. Overlap
extends northward from 46 degrees North latitude, giving efficient
coverage of the zone of interest in four days.

On Figure k-7, the drag life curve for 135 miles
altitude indicates that the loss in altitude at the end of the fourth
day will be 13.6 miles. -

. Figure 4-8 1llustrates the coverage for constant alti-
tudes of 140 and 145 miles for ﬁve and six days respectively at 40
degrees North latitude. Additional overlap is realized only at the
increased cost of greater altitude and longer working time.

4.3.2 Tracking and Recovery Station

For vehicle photographic orientation at 55 degrees North
.'I.at:ltudz over the Soviet, the optimm point at vhich to initiate the
recovery vwill be about 65 degrees North latitude in Alaska. An esti-
mated requirement of two minutes tracking time for trajectory compu-
tation a.nd impact prediction does not introduce & camplication since
the retro thrust angle can be e.llowed to vary betveen 100 desrees and
140 degrees.

' For the tracking function alone, in the case of self-
initiation of the retro-thrust, near-polar locations are obviously best.
Thus, an Alaskan station location is optimm for both tracking and re-
covery. Additionally, an Alaskan station will provide ﬁrst-pess track-
ing following an IOC launch.

LOCKHEED AIRCRAFT CORPORATION MISSILE SYSTEMS DIVISION
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N.LAT
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, BETWEEN FIRST DAY'S PASSES

F164-6 FOUR DAY COVERAGE AT I15N. M. ALTITUDE AT THE LOWER
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10°N. LAT.
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4.3.3 Probable Search Area ‘ .
The impact area search Problem is a matter of matching

the vehicle's beacon range to the probable impact prediction error.
This error includes not only that of the tracking, but also involves
those of retro angle and impulse, and unpredictable atmospheric varia-
tions. .

Present estimates suggest the following standard devia-
tions in prediction accuracy with respect to the error sources:

Tracking = 10 n mi redial
; Retro angle = 5 nmi redial
Retro impulse = 20 n mi radial

Atmospheric variation = 5 n mi radial

With a circular probable error at impect of less than 30 nautical miles
Y be@con range of 50 nautical miles on the vehicle appears to be the
correct order of magnitude.
4.3.4 Optimm Retro-Thrust Angle

The spin axis of the photographic vehicle is required
to be parallel to the local horizontal at the optimm latitude of inter-
est. If the latter is chosen as 55 degrees North latitude over the
Soviet, at 65 degrees North latitude over Alagka, the retro-thrust
vector will be directed 30 degrees rearvard of the local vertical or
120 degrees to the vehicle's velocity vector. This is close to the
optimm retro-thrust angle for a vacuum recovery of the vehicle.

: A veriation in retro-thrust angle that may be indicated
by the thermo-dynsmics of the reentry into the atmosphere can be accomp-
lished by varying the latitude of the retro 1gn4tion.

4.3.5 Reentry Trajectories
ﬂxeorderofmsnitudeofthepmmddist&nce of the
vacuum recovery trajectory can be Juiged from Figure 4-9, which illus-
trates the computation in RAND Report No. RM 2012 for a 155 mile altitude.

- e A
UUINT T v iR
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Figure 4-10 shows the impact ranges for several altitudes,
retro velocity increments and retro engles, in a realistic atmosphere. A
stable reentry is assumed (no supersonic 1irt). ,

It will be noted that a variation of 100 ft/sec in retro
velocity will vary the impact range 100 nautical miles; a variation of
15 degrees from the optimum retro angle produces only a small variation
in the impact range. Figure 4-11 shows the effect on impact range of
varylng the ratio of form drag to mass for 155 mile orbits.

atmospheric density in the trajectory direction.

by ce of Camera Parameters

A typical aay of operation will give a vehicle path over Russis

and Siberia with a total length of 7,200 nautical miles. When the areas
of China end the Satellite nations are included, however, a day of oper-
ation may give g DPath length as long as 9.5 x 1(73 nautical miles, For
the lens, camera, and film of reference 1, as well as the Present con-
siderations of Fairchild, the ground resolution is 60 feet for the £11m
resolution of 40 lines per aillimeter. The above path length of 9.5 x
10° nsutical miles, OF 5.7 x 107 feet, corresponds to 9.5 x 10° units
of resolution on the ground. Thig many units of resolution on the film
is contained in a length of ‘about 2.4 x 103 Cm.; or 80 feet. Since the
£ilm 18 used to cover a strip normal to the path, the width of all or
the strips should add to this 80 feet. The overlap along the flight
path between successive strips should be about 25%, thus the total of
the strip w:l.dthg should be abont 100 feet. To give the optimm cover-

width; thus the tota.‘l. roll of film should havea léngﬁh of about 500 feet

for one day of operation.
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The picture width on the f£ilm ig 4.5 inches and the film has
& resolution of 40 lines/mn. The picture vidth corresponds to 4580
units of resolution. If each of these corresponds to 60 feet on the
ground, the picture covers 45.8 nautical miles. The centers of the
Pictures should be 36.6 nautical miles apart to allow 25 per cent
overlap between adjacent Pictures. The ground speed of the vehicle
is nearly 4.0 nautical miles ber second, so the pictures should
be taken at intervals of about 9.2 seconds. Thus the spin frequency
should be some multiple, n, of 6.51 revolutions per mimite, There
Will be n-1 revolutions between the exposure sweeps. The proper
choice of n will depend on the combination of film speed, exposure
time and slit width as well as the design of the image motion compen-
sation device, with due consideration being given to the possible
elimination of the image motion parallel to the exposure slit, the
proper variation of £ilm speed during the sweep and the effects of
these on the stability of the vehicle in orbit.

The choices made in reference 1, which will be changed only
if further b'h:dy shows that they cause a sever benalty, permits an
exposure time of 0.00025 second, a value of p2 3, an actual spin
rate of 18.2 revolutions per minute. This latter gives 39.5 miles
between exposures, or about 1§ per cent overlap between adjacent
exposures, ‘

of the opin axis can be kept to a minimm by proper relations between
the principal momenta of inertia to reduce gravitational variation,
and symmetry of vehicle shape to reduce aerodynamtc variations.
4.5 Recoverable Reco ssance tion
The package on a polar orbit, rotating about 1ts axis of
symmetry, will try to maintain its orientation in space, Due to the
oblateness of the earth it will de subjected to a periocdic gravita-

tional torque having period equal to one-half of the orbital period.

“inde. o rvainld

d
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This torque will give rise to a (emall) periodic yaw motion of
amplitude a = f— -c—;-A- % vhere A, C are respectively the
mcoments of inertia about the axis of symetry and about any perden-
dicular axis through the mass center, N is the rotational e.ngula.r
velocity and m the orbital angular velocity.

When the peckage is in a slightly yaved position the same
effect gives rise to an additional small gravitational torque com-
bonent, which will cause & displacement in Pitch. Thus at the end
of & single orbital period the pitch orientstion of the vehicle has
changed downward by an emount (1n radians):

AP = 2x (22 Y - 39, |
vwhere Y, 18 the yaw angle to the left (in redians, of course) at the
beginning of the beriod. The corresponding secular change in yaw.
itself 1s:; :

AY = 2«{423;2;31:: (2L, - 21) -%J(})aaun.ax.o+2f Y, P,

- 8¢a® Y, stn (1 - Lp)}

vhere ¢ is the eccentricity of the polar orbit, £ is its semi-latus-

rectum, R the earth's mean radius, J = 1.637 x 10°3 (oblateness coeffi-

cient), L, the injtial latitude, L, the perigee lati . ‘
Ir

%-90mizmtes, gi"-ai]gmimtes, g-aminutes

then & = 4.6 x 10™* rad., giving rise to & secular change in pitch, in
case Yo = 1 degree, of amount AP = <09 degrees per day. The secular
change in yaw ie mich smaller unless the eccentricity ¥is.constderably
greater than .0l; which is about the maximm eccentricity at which an
orbit will be established.

s e il

A
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4.6 Recoverable Pa Re-ent. uirements

reported in Referepce 1, show that the Rand requirements for weight of
sblating msterial are satisfactory if the body shape 1s sssumed 4 be
very stable, However, stabllity analyses showed that the oscillationg
of the angle of attack were not damped appreciably and that the wveight
required for heat shield should be larger by nearly a factor of 3.
Further analyses, shown beloﬁ, showed that a stable config- ‘
uration, with Very nearly the shape of the forwvard section shown by
RAND, could be used for re-entry with low requirements on weight of
heat shield., Thig Wwas determined by varying the results obtained Lfor

the duration of reconmaigsance required. Further study is required

to determine the best design of the re-éntry'pachge, this will be done
after determining the cameras design, selecting the recovery equipment
and completing the analysis of the orbiting vehicle stability.

low velocities occurs high in the atmosphere, laminar flow will pre-
dominate during the span of sensible heating.

To verify this, the momentum thickmess Reynolds num-
ber, Ree » &t the sonic point on a 2 foot diameter sphere wag -computed
for various entrance angles ang drag-mass paremeters. The results are
shown in Fig.4-11, and the values ©0f Reg presented correspond to those
at the end of the heating angle, 8ssuning a surface temperature of
2200°F. Maximm valuss of Reg differ from these shown by 4 percent at
most,
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Experience gained on the Lockheed X-17 Re-Entry Test -
Vehicle program has shown that Re, must exceed about 250 in order for
transition from laminar to turbulent flow to .oceur. Since the maximum
value of Rea to be expected on satellite re-entry trajectories is about
200 occur very near the end of heating, it can be safely concluded that
the flow will be laminar Guring virtually the entire span of heating.
There is a DPossibility of obtaining a limited amount
of turbulent flow just before heating ceases, but even in this cage
the Reynolds mubers will be so low that turbulemt heat rates will be
spproximately the same as laminar values. Figure k-12 compares predicteq
laminar stagnation point heat rates and the peak turbulent heat rates on
& 2 foot diameter sphere with a drag-mass parameter of 1 for an entrance
angle of I degrees. Note that predicted turbulent heat rates are sub-
stantially lower than laminar values until near the end of heating,
' ‘Assuming that the boundary layer will remain laminar

& = 7 \Ploge V25 (1 - ;:f) BIU/rt% sec (1)
vhere |
| Co = .95 x 10~10 |

By = nose radius of curvature at stagnation point, (£t)
P /pge = ratio of ambient to sea-level denaity
U = flight velocity (£t/sec)
 hgy = total enthalpy of gas at wall, (BTU/1b)
hge = total enthslpy of flow, (BTU/1b)
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The major contribution to reentry heating will take
. Place wvhen the flight velocity is very high where the total enthalpy or
the flow will be much greater than the total enthalpy of the gas at the

wvall (hsc»hsw) or ’ .
(-u) =

and Equation (7) reduces to

¢ .
qogr; ,p/pgc u3.2’¥

;rom:
p/psc = cl e 24

vhere C1 and B are constants and Yy is altitude,
Their result for the flight velocity u can be written as:

Cat C1pg -By
" P aT=r—e
U=y, e 2Bm siny

*It has been shown in separste studies that the use of the simplified
trajectory equations leads to conservative estimates of total heating
for the shallow re-entry angles of interest. .
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vhere
u, = initial recatry velocity

(!d = drag coefficient based on ares A

A = reference area

I = reentry body mass
The stagnation point heat rate can then be rewritten as:

p 03+25 -8
4 g~ _-By/2 _ 3.25 25 m ain >
%W = ’_R 'Jil e Ye _ ¢ ‘

The total heat transfer
point Quring reentry is equal to

% =0
(Q/A)o-fq,,dt-f %, 5 % (:b%)
o y~o

ber unit area to the stagnation

at 1
but E"ﬁﬁ? s+ 80 that

chclp 225 o
(Q‘/A) - f lin 7 e .
. o linr dg. '

Integration of Equation (6) results in

: (Q/A) =S.l- 10°

,,ﬁf;(un e (@Y ”‘/5"‘- ‘T;
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the density variation in the altitude range vhere the majority of the
heating occurs (140,000 < y < 300,000 ft.).

' 4220
° " [y (sta 1) V2 (LJEA_)H§

The stagnation point total heat transfer parameter,
(Q/A)M[R; (81n 7)1 2 45 ghown 8s & function of CaA/m 1n Pigure
The integrated stagnation point heat transfer incmses.rapid.ly vitl
decreasing ch/m vhen ch/m is amall. B8ince the total heat transfer .o
the reentry body is a.treetly proportional to (Q/A)o, it is obviously im-
portant to maximize CgA/m in order to reduce total heat transfer and
heat sink weight,

- The total heat transfer to the body can be written ag

(/a)

) For laminar flow, 9/% is independent of Mach mmber

! and Reynolds number, hence :

; | A | t

- ot 'f vy, a, - f %, ot
o .

" i .,..’:
-
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and the dynamics of the body during reentry. por a hemisphere at gero
angle of attack 1t is equal o 0.459. For other bodies, such as cone- -
sphere, it can be evaluated by using the distribution of leminar heat
heat trensfer as given by Lees, (Reference (4)).

Relative Wing -
/

However, the area xposed to heating As » becomes the entire surface area
of the sphere.
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‘ The quantity of interest is the weight of material
needed to absorb the convective heat Ioad. If 1t is assumed that the
material %o be used for heat sbsorption® has a heat capacity of h,
(B1y/1b), andthatthetotalveishtorthebolyuempooedoraﬁxed
velght, W , Plus the weight needea for heat sbsorption, Wy, 1t 1s

possidie to write
' [:2
ws.3+ B” + LBwp

———m—

2
vhere
| A
| 2 f a
@B .50 6T * %
B= 8 e (<]
2 A
h Ry ch g 8

dAl

o

From the standpoint of minimizing the heat sink weight
‘the above relations show that it is monmttokeeptheﬁxedveight
to a minimmm, The heat sink weight is also minimized by making B as
small as possible, It is interesting to note that for the case of a

sphere this implies that the rad.tus'should be made gmall gince

4
B~R—A~R

P ——————

| *The material may be either an ablator or a metaliic heat sink,
LOCKHEED AIRCRAFT CORPORATION T MISSILE SYSTEMS DIvisioN
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_ va:l.mly, the ndiuleannotbe-flea.rbitraruymu
because of pcchging considerations. Even vithout sige limitations » the
heat rates wi1l eventually become intolerably large as the radius ig

L. ray, J. A., and Riddel1, 7. R,, "Stagnatiog Point Heat Transfer iz
Dissociated Air," AVCO Research Lab., Res. Note 18, -

2. Kemp, N. H., and Riaden ¥. R., "Heat Transfer to Sate1lite Ve-

. hicles Reembering tu Amosphere,” Jot Propulsicn, Vo1, 27,

5. Allen, E. J., amd ggers, A, J., "A Btudy of the Motion and Aero-
dynamic Beating of Missiles Entering the Barth 8 Ataosphere at
m@wcapm,"mmA5snaa,hmes, 1953,

be Lees, L., "L-uu-_m Transfer Over Blunt-Nosed Bodies at
Hypersonic Flight Speeds,” Jet Propulsion, voi, 26, April 1956.
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4.7 Ouidance Selection
N

The guidance consideration of reference 1 were verified but
the availebility of the ground guldance system assumed appears doubtful,
As yet the A.C. Spark Plug system has not flown, but it appears that
1t will be availadle early 1n 1958 and will pe checked out by late

| 1958.

zations - with the corollary of changing the Thor as little as possible.

orbit altitude of 135 miles with s Perigee high enough to give at

least several days operation. This Probably means a Perigee no less

than 100 miles.
The imminence of the first firings eliminates the G.E. maio

inertial system, or any system not planned for Thor, dince the Thor

would require modificetion. On the other hand, the A-C Spark Plug

all-inertial system igs already installed in the Thor ana will have

. bad several shake-down flights before the first Proposed Thor-1171,

Boost will carry the vehicle to an altituge of about 3 x 10° feet with

& speed of about 12,000 PTs,then 1t will be known from the A-C Spark

Plug system that an orbital boost velocity of 13,500 fps will be required.
The time to coast to apogee can also be determined by this system to
within about 2 seconds. The major source of uncertainty here will again
be the cutoff speed, as the altitude of cutoff will be known to 2,000
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With this information availsble, the interim system Presently
envisioned for the 117L vehicle in the Atlas-117L combination can be

Using the horizon scanner, it should be possible to keep the
thrust vector within 0.006 radians of horizontal. Thig will permit

grating accelerometer op equivalent with 0. 3 per cent linearity is
used. This will add about 0.0035 in the eccentricity. Adding these
two major contributors on e root sum square basis gives an orbit
eccentricity of .0054. With the small contributions from other sources,
& figure of .006 for the eceentricity seems reasonable.

Another factor is the variation of the semi-major axis. Thig
is affected Primarily by the variation in the magnitude of orbital
boost velocity. 1n Perticular, if the injection altitude 1s R = k120
miles, the variation 1s g = 2R, v/vor aa=15 miles.

Thus, the mean altitude (a) from flight to flight will be about
135 = 15 miles and the altitude on a given flight ( Perigee-apogee)

Will be the mean altitude + 25 miles.

If the A-C Spark Plug platform is not included in the system,
the uncertainty in the actual coasting (or ascent) ellipse achieved _
is increased. In rarticular, without an inertial Platform, inertial

accelerations cannot be measured; and, although & body mounted
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about 3.25 times this or -00163 rad/sec. Thus, the 10 seconds

causes an uncertainty in the direction of velocity at the beginning of
orbital boost of 016 rad, This will cause an eccentricity of about

’ The uncertainty in apogee speed due to the above effects
vill be about 190 fre. This will cause &n eccentricity of about
015, The effect of these Plus the errors from orbital boost addeqd
on a root sum square besis Predict an eccentricity of .018. This

values, one gets & mean altituge of 135 + 62 miles and the altitude
variation on a given flight (apogee to perigee) (1.e. Que eccentricity)
would be the mean altitude + T4 miles, . ,

Returning to the consideration of whether the large we:l.ght

'a.bqve. In particular, the Possibility of the low perigee probably
demands that the nominal mean altitude would have to be increaged
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the aversge. Another minor compromise implicit in this second mechanizg-
tion is the more eccentric orbit and, thus, the Potential loss in resolution
wvhen reconnaissance occurs near apogee,

4.8 Recovery Considerat:l.on_
k.8.1 Introduction .

re-entry and recovery of a prhotographic satellite, A body capable of suc-
‘cessful re-entry ig assumed. ‘Thig hypothetical body is assumed to weigh

reliably triggered by a timer set off by the initia] re-entrv ieceleration.
The use of "Q" or altitude swvitch ig not considereqd because of large vari-
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requirements due to the reduction in body veight. The large difference
in drag between body and shield will brovide positive separation and 4if-
ferent impact points.

4.8.3 Recovery Technique

Will require an elevateq observation point. e uge of flares is much less
-effective because of the bulk and veight of pyrotechnic supplies and the

auto firing mechanism.
Recovery at sea forces use of further aids to locating

the floating body. A bomb may be jettisoned Just before impact. The

Recovery of the body at sea may be accomplished most
reedily by use of a net. The pet may be towed by helicopter, surface vessels,
Or submarines, The submarine is a mogt effective retrieving vehicle as

_—
* For daytime recovery by aircraft a dye marker will be hecessary to pin-
point such a small object. -For this particular application, a dye in
liquid form may be continuously dispersed by simple mechanical techniques.
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4.8

RECOVERY SYSTEM WEIGHTS

Item Weight Rewarks

Parachute 201w 11 £t Dia. Est. 40 ft/sec Sink Speed

Recovery Panel 5 1b ( Timers, Squibs, "G" Switch, etc.)

Sonar Signal 6 b 20-mile Range. Includes Battery*

Flash Lamp k1 10-sec Bung Period

Marker Beacon 9 1b Pulsing Device added to Command and
Tracking Beacon*

bye Dispenser 5 Periodic Ejection of Slug of Dye
Slurry

*Not continuocus signal. Should have its own battery to permit operation
after other devices are exhausted, ‘

¥*Beacon batteries may require excessive weight increase for this duty.
Low frequency transistor and transmitter may be superior.
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SECTION I
INTRODUCTTON
FRELIMINARY DESIGN STUDY
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1. Vehicle Speed = 25,000 ft./sec. = b minutes of arc/sec.

2. Vehicle Altitude = 156 * 35 nautical miles.

' 3; Vehicle Spin Speed = 18.2 revolutions per minute.
4, Vehicle Acceleration - 10 g's launching acceleration.
5

. Vehic;.e Retwrn - &pproximately 150 g's (S21lvage exposed film
only. '

6. Vehicle Power Supply = 28 volt D, C. (Battery Supply).

T. Camera Control - Ready and trip pulses from vehicle (high
impedance pulse), .

8. Maximm weight of cemera - 50 pounds (including £1lm).
9. Minimum reactions on vehicle required _ror camera operation.

10. Camera Environments - Vehicle can be Pressurized and temperature
controlled. )

The requirements itemized beloy were either established or derived in
relationship to above features or each other.

l. Camera operating time - gix active passes of 12 minutes per
pass - total 72 minutes of operation.

2. Tranbvegse angular coverage - 93 degrees.
3. BExposure Conq:lt:lon = 70 degrees North latitude.
b, Overisp -




5+ Resolution required - detect o Tt. object on the &round,

Btarting ‘w_:l.th the above listed features, requirunents, and/or conditiong,
the following sections are devoted to establishing the basic Parameters of
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2. Resolution eng Exposure Considerations

compensation for all thege undesirable motions is camplex and at best only
partially compensaied for, short ezposure times are becessory to limit the
- Smear or blurring of the image during exposure, '

Experimental wopl in comnection with verying cmountc of relative motion
(motion between £i1m ana image) have been performed (Romerl ang Gregory2)
showing the desradation in resolution with motion, These experiments were
carried out with actual lens~film-cemera coubinations and with precisely
controlled motion bein; introduced to observe the dezradation. ’

By using a starting resolution (static test of lens~film~camorg in
laboratory) of same 40 to 50 lines/mm on Plus.-x Aerocon emulsion (3. 0. 1166)
the angular disturbances which would effectively degrade this during a 1/4000 .
Second shutter are of the order of 0.00005 degree or 11 degrees per second.
8ince the latter value may be considered as a couple of orders of megnitude
out,the stability of the vehicle will be considered entirely negligible.

less than 0.0006 inch from all couses. Such a relative motion would degrade
the 40 - 50 lines/mm to 35 = 42 1ines/mm Tespectively. A preliminary error
analysis has indicated that the total unwvanted relative motion should be :
considerably less than the 0006 inches discusseq here. The projection of

1. "Buppression of Izage Movement in Air Photography" - . Romer, D. Techn.
8c., Poland, F. Iust. Pp., F.R.P.8. Royal Aireraft Establishment,
' hmsbdrowgh, Hants, .« .
2. "Interim Reports on the Effect of Image Movement on the Definition of Atr
Photographsg" - J. M, Grezory, Kodelk Research Labs; Harrow Englangd,
ATJ.J.GSOTIL, F52-2-1947 Reel ¢ -3723.
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exacting value, it should be pointed out that photographic information
content is not a direct function of resolution for several reasons, such

rogram
Dev developments in lenses and £ilm emulsions, it is necessary to select the

Fortunately, the exposure conditions established belp this compromise
and permit using a short eéxposure time that Greatly simplifies the design
and promises to give relatively high acuity photographs. The exposure

‘ of atmosphere
Seasonal Change belov camera)
Sun at T70° K Latitude
SR | 1110 ft. Lem. May 20
16° N 7. *
18° N ' 1230 - "
20° § 1282 "
2° N 1335 " June 20
Using thege 8 for the exposures required under the most Bevere

Exposure Time = 1/4000 second
Lens Aperture - /3.5
Filter Pactor - 2

Film Bmlsion Speed = 80 A.8.A.

2-4
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This combination of conditions indicates an under-exposﬁre of approxi-
mately one stop. This can be comensated for in processing by known

elements. It is, as far as is known, significantly superior to any other
proven lens design, for which delivery can be made with reasonable assurance.

Photographic tests have been made by Eastman Kodak on semples of the
12 inch M-351A design. On Plus-X Aerecon emulsion (Bastman's production

& 4-1/2 x k-1/2 jnch format. With the lens adjusted for the narrower field
required by the 4-1/2 inch slit, Bastman feels they could in all likelihood
guarantee & minimum resolution of 4o - 45 lines/mn with an average of k5 - 50
lines/mm across the entire slit, These tests were made using hizh contrast
targets 1lluminated with white light filtered vhrough & minus blue filter
conducted in accordance with Method 7 of MIL-8TD-150. Ko results are avail-
able on the resolution in lower contrest targets, though the lens-film -
combination will give a proportionately higher resolution compared to the
resolution of the film, as the contrast is reduced. That is, the Plus-x
Aerecon high contrast resolution is about 100, and at an 11luminance ratio’

. ©f 2:1 drops to sbout 50 lines/mn. However, for the lens with m object

contrast of 2:1, the resolution will be significantly better than 25 and
can be expected to run closer to 35 lines/mm.

The resolution on Super XX was generally ebout 80% and on Tri-X Aerecen
sbout 60% of that obtained with Plus-X Aerecon. Although the speed of the
Plus-X Aerecon is rated scmewhat lover then Aero Buper XX (80 ASA to 100 AsA)
its far wider range makes it much more susceptible to overdevelomment end
effectively higher speeds. For these reasons Plus-X Aerecon is being

proposed.

Although the Bastman lens is being proposed for the first units, a
parallel progrem will be carried on to develop a more elecant designm,
capable of producing images good enough to make the information content on
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the film essentially limited by the emulsion. Of the various solutions we
have been able to investigate in the limited time available, the most
Promising appears to be g modification by the Perkin-Blmer corporat:lon of a
design developed by Dr. J. @G. Baker. Thig design at £/2.8 ig expected to
glve & minimm resolution across the 4-1/2 inch s1it (at an object 11luminance
rate of 2:1) very close to the capability of the emulsion of Plus-X Aerecon,
¥hich is about 50 lines/mm. Bowever, 1t would be unrealistic to expect a

The lens philosophy discusged above has been discussed with and
agreed upon by Dr. J. G. Baker. :

L. Temperature ana Relative Rumidity Bensitometric Effects

" A change i‘naamaor-ro.amy_be experienced at the extremes
of temperature presented (0°F to 150°F), however, a complete environmental
test program will undoubtedly show that this may be adjusted for in the
ground support equipment,

definitely capable of making up vhat may appear ag an actual logs.
During the expected life the fog level will not be adversely affected
up to the 1L0°F level. T periods, say up to one hour at temperatures

The sumary of temperature and humidity relationships may best be
expressed as follows:

Temperature

Long Term (0 - o hours)
Absolute Maximum +150°F
Preferred Maximm +120°p
Absolute Minimm o'r
Preferred Minimm + 20°F

2-6
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Short Term (0 - 1 hour)

Maximm 210°F
Minimum "« 20°F

Relative Humidity

Under Preferred Tempercture Range  15-20% minimm
35-40% moximm

Under Extreme Temperature Ronge 10-15% mintnum
20-30% meximum

5. Image Motion Considerations and Synchronization

8ince the exposure time decided upon for this proposed ceamers
has been established at 1/5000 Second, the smeer or 8 factor due to forward

each angular increment in transverse scan. Also, since the actual altitude
itself has a consideruble tolerance, there is a veriation in extremes of
scale factor from minimm altitude vertical of 736,000 to maximum altitude
at U5° of 1,642,000, An average compensation for the smear can be eagily

significant it is assumed that the aliznment should be within about five

' minutes of the average correction to be set in. This cnlls for mounting

: -provisions on the vehicle and on the camera to close mechanical tolerances
to the respective axes. ‘ :

Azain using the 8 factor as & criterion, unwanted rotational rates of
the vehicle during exposure calculate out to be approximctely 2 degrees per
second meximum in eny direction to give ‘the smear of 0001 inch on the film
plane or about six feet on the ground. It is assumed that rates of this
order of magnitude will not be encountered in flight and hence, ‘'no steadying
or stabilization is required.

Along with the requirement of alismment of axes is the requirement of
synchronization between optical scan rate and ‘film motion rate. Any signi-
ficant errors between thege rates result in a first order error in unwanted
imaze motion and resulting smear. Apain using the 8 factor as o criterion,

LOCKHEED AIRCRAFT CORPORATIC™N
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the maximum percentage error permitted between the two rotes is 1-3/%
percent. It is felt that the appropriation of onc percent to the vehicle
scan rate will be satisfactory. It is proposed that the actual scon rate
be known to within one percent and that this be desirned into the comers

© Or pre-set prior to flizht. Actually, it ig felt that on the basis of
resolution deyzradation discussed earlier that a treater error in known
value of vehicle spin rate can be tolerated, say two pereent, before the
degradation becomes appreciable. To keep the comeras simple end relicble
it is highly desirable to use a pre-set motor speed,

6. Film Capacity .

and about one~half inch for time exrrors of about 20 milliseconds, the total

émount of film consumed per scan is 21 inches. For twelve minutes of

photography per pass and six total passes, the capacity works out to be ,J‘*
763 feet required. It was decided to provide 800 foet to allow for threcdirg 4
and same pre-flight testing. Thin based film vas considered but the lack o
availability ruled this out. It is proposed to use five inch d

forasted film that was successfully used in a recent Feirchild Poforamic Cemers
development. This £ilm was provided by Bastman Kodak who will also provide

the 8.0, 1166 emulsion established. A

7. Data Recording Considerations

. The data recording prepared for this reconnaissance cemera
vill include a twenty-four hour clock with a sweep second hond to be
recorded on each photozraph, together with an exposure counter. Timing

. should suffice. A relatively simple flash package has been devised,
operating from a 28 D.C. pulse that con be used to flash the nadir, but
this requirement must be further studied as recomended in the section on
Stereo-Viever. : ) . : _

8. Description of Camera and its Operation

' ) The camera desizn study is shown on Figure No. 1. The camera
occupies approximately half of the vehicle cross-section,

The camere consists of an open frome attached to the vchicle structure.

Two detachable light tight cassettes are mounted on the camera frome. The
lens cone is provided with a light shield extending from the vehicle window

MISSILE SYSTEMS DIVISION
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to the exposure slit. Since the exposure slit has a width of only .0057
inch (see below), the stray light escaping from thie slit will expose only
& very short portion of the film during the time of £1ilm standstill.

The open construction of the camer:u vill allow easy inspection of all
operating parts up to the time of sealing the vehicle. The operation of
the comera is as follows: During the exposure the comera 1s rotating around
the borizontnl oxis with a scen velicity wJ = 1.91 Rad/sec. The imape 1s
projected into the focal plene and is moving across it with the velocity

'V = wF = 22,9 infsec. (where P = 12 in.) the f1ilm has to be transported
across the focal plane exposure slit with the velocity V. To provide for
&n exposure time of 1/4000 second the exposure slit will be: 8 = 22,9 =.0057

000
inches. The film transport mechanism is shown on Figuré No. 1 and schemati-
cally on Figure No. 2.

.Five inch perforatéd film 18 used. The pitch distance between pexrfora=-
tions is .187 inches. '

The unexposed film is housed in the supply cassette. The supply
sprocket (14 teeth) feeds the film into the supply loop accumilator.
receipt of the scen-pulse the focal plene roller (35 teeth) will tronsport
the film at & synchronous speed "V" across the exposure slit and feed it
into the take-up loop accumulator. The take-up sprocket will feed the f£ilm
from the take<up accumlator into the take-up cassette. . -

In order to insure synchrouous operation of the camers and to reduce
q.ccelera.tipg torques, the arrzngement described below is proposed.

A 10,000 RPM (75 wati:s) governor controlled motor drives tpe'supply

single revolution clutch controls the length of f1lm fed during one exposure.
The length of a frome for a scan of 93° 18 19.6 inches active, 20.6 inches
total, corresponding to 110 perforations on the film. (Ratio of single
revolution clutch to roller: I R |

LOCKHEED AIRCRAFT CORPORATIO™N MISSILE SYSTEMS DIVISION
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In order to insure the proper fyge DETha in the accumiators
and to prevent €xcessive gpool acceleration torques, o loop 8ensing contro)
18 provideq Caera. Thig control ist .of two concentric digeg

Flzure 2, the second disc will be Provided with o switch operating eom, Slip

- Tings for the nicro switeh will alsgo be ded. The operation of the loop

(4
8P0Ol 15 full, the Supply side accumlatoy loop is epproximately 22 inches
long, thetqk;-upsideloopisahonandthetake-upspoolismpty.

Plane roljer transportg f1ilm across the exposure 8lit with the 8yn
velocity "V, ppten one revolution of the single revolution Clutch, the -

Proper amount of f£yyy (20.6 in.) ig transporteq ang the cluteh disengnces,
. A i s

ectuating the switch, vhich in turg engeges the f£iim Teed cluteh énd startg
the rotation of two film Sprockets., The cear ratios are chosen to feed
20.6 inches of film in 9.6 seconds. This 1s 3% faster than the nominaj
Pulse rate of 9.9 seconds. qme inner dise of the loop sensing control

the

top come ching
minute timap 18 provideq, This timer ig started by the 8ctuation of the
loop sensing contrel 5vitch (when cam enzoges the Switch) and reget to
Zero when syitch disengages the cap (vhen Scan-pulse actusteg single rey,




clutch). In case no scan pulses reach ‘the comera for an interval of one
minute, the timer vill complete its rotation, close a contact and releage
latch-relay #1, de-energizing the camer, :

Relay #3 will actuate fiim Cut-off knife, and seal the take-up cassette
upon receipt of the re-entry pulse.

All electrical svitches and contact will be pressure scaled to insure
Proper operation undey vacuum conditions. -
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center of &ravity of the craft, it produces g sitall pei'i;urbatioz: in its
linear velocity, Thig velocity perturbction can be obtained from the

conservation of momentuy (g vy = up vp)

=2V, ?60—3 x 1.8 =1.8x 104 ft/sec,
o

vhich 1g coupletely negliginble, If the thrust doeg bot have zero nouent
aru but is one foot frou the C.G., it win1 cause an a.nc;ular.velocity change,

: CrTIAL
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which con be obtained from the conservation of inomentum,
Assuming the moment of intertia of the craft to pe 150 1b. f¢, » the
peak change in &ngular velocity is as follows: _

. A w - 003 lbso X 1.8 fto X 1 rt. - 3.6 x m-l} Rﬁdm.
150 1b. £t.€ gec,

sec,
This too ig thoroughly negligible,

GGNHEH'TMI

’ . o’ amd 3

"v :
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SECTION TV
PIIM RECOVERY

and at-the start of TSoentry vill e sealed, so that in effect the £11ny
vill be encased in & 'thermos' bottle during descent,

heat conductivity ang hish strensth-weipsht ratio. More detaileq study
ter, of course, may indicate that other matericls ere Preferadble due
to properties not yet fully investimateqd,
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A spﬂng loaded Scigsor-type cutting Mmechaniem wiyj 8erve ag the

sealing door for the £11, 8perture as wel) g4 the £11n cutter,

At installation o thin ‘tube w1y be connecteq betveen the outer
shell of the cassette ap the outer skin of the vehicle, During flight
the air within the interspace vill be bleq off through this tube, thus

. Tas aga
detail_ed study anq cloger familia.rity vith other facets of the probleg
may result in 8ome revisiong but thig should certainly suffice as a
firs
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SECTION v
GROUND SUPPORT CONSIDERATIONS

vhich will prove optimum performance of the unit and thereby insure mission
success..

Wherever Teasible, self-testing features and devices to facilitate
testing of critical functions of the unit will be incorporated wvithin the
unit. In al} cases, however, full consideration will be élven to minimige
weight in view of the utility of the self-incorporated testing devices.

signals. Dumpy il be thro camera unit while vigual
and instrunented observation of the critical functions of the cauera unit
are made, testing te ques will be where applicable to
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signal leadg bé provideq in the viring harnesg to eliminate the need for pre.
many gystem connectors and the Ssubsequent Possibility of not Tregain-

devices su special electronic test €quipment vhepe becegsary

are contemplated for test burposges. equipment w11} mounted on

Comme avails ‘8°8r or integrated vith the ove vehicle

test equipment . Consideration Vill be given for Protective covering and
operation during adverse outgide operating conditiong, Section 3 of MII.-M-BOQQ
Vill be uged ag & guide in the design of mobility Provisiong, MI1~G-0085124
Teat !qumnt, for use wity Electronic lquiment, General Specification, will

be used ag g guide 1in Procuring standapg test equipment and in designing Bup-
plementa.ry Special tegt equipment,
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" Inasmuch ag end overlap of the panoramie photography vill be approx-

. imately ten percent at the nadir, omly portions of the coverage may be

viewed stereosccpietmy. It will be noted that in such a sygtem only

extreme conditions of terrain rejer vouwld introduce great enouch _
ffe

The instrument, ag illustrated in Figure 4, wviny Provide coordinate
neasurements with Teference to a system whose ¥=axis is the trace of the
principalpointandwholex-aus isaunemugltothemghtlineat
any instant. Tt vill provide viewing ana heasurements directly from a
continuous rg13 of film which for maximm interpretation should be g
direct contact positive, Translation of & fixed pair of optics will

te

tvo Vieving tables such that conjusnte images are Presented to the optics.
The instrument will be desizneqd in accordance with the Principles or 8ood
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H = terrain Clearance of Vehicle
f = vehicle rotation about gy axis transverge ¢ the flight 14ne
W om pan Plus the Vehicle rotation aboyt & sec
axis previously rotateq ¢ $ (See » ‘Ogrammetry,
Collectea Letters ang g 8ays”, by Otto Von Bruber)
K = Rotation of vehicle aboyt T& optical axis
X = te Deasurement

De'pexid:lng on the Just:lr:lcation or refinement, var:lbus simplirico.tiona
of the above expressions may be made tq expedite the flow of inromation.

i
ing problem be the subject of an early ’engineer.ing conference tq determine
its reasi’bility. .

DINTreTIA
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