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lb)(1)1 4c .· .. e attc:.c~1ed ground rules for an ISINGLASS :::> ..• t Er::~~-- .;;-
..•.. Stuciy, which were developed in conjunction with your rep:."'~.:. ... __ ~ives, ~ . ..::..· . ..::: 

·~. ::_· .... :.:·oved by the DNRO. In approving tl.-'.tem, Dr. Flax pro'/~~~- ~~ .. e following 
· .,'··~ guidance: 

Only the results of thell!l Htuciy should be made a\'.;. . .' ... : ... -3 to the 
li/~.:;:0~~:..:.-.ell Aircraft Corporation; the actual :::·~...:.::.y should not be ~·o:.>.:~-~·.::.ed to 
MAC. 

2. .:.:.e final analysis of the study re.::;ults will be done by ... : ..;; NRC. 

3. ~.:·.:~.:- l"esults of the cost ei?fect~v..::nes:s study should not be const2.·:.:.ed 
:rov::. . .:.~ .. disapproval of either proz::z.:-.:..1.. 
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GROUND RULES 

Aircraft vs. Satellite Cost/Effectiveness Study 

1. The Director of Reconnaissance, CIA, is responsible for 
the management of the ISINGLASS study. 

2. The Deputy for Satellite Operations~RO Staff, is 
responsible for the management of the 111 ;;~:udy. 
3. The present satellite target deck (303 deck) will be used. 
Only those targets in the Sino-Soviet territories will apply. 
Any target in the deck which does not have an assigned CCCR 
number will be eliminated from the study. The study will 
simulate one calendar year of operation. 

{. For those targets·having repetitive coverage requirements, 
~he following time factors will apply: 

a. Successful coverage must occur in the specified 
·:~lendar time period, and 

b. the successive coverage must be acco~plished in the 
c."~t calendar time period according to the following time 
, .. :::-..edules: 

CCCR Requirement Time Inte:.cv::..l 

1. Semi-annual Min. 4 months - Max. 9 
2. Quarterly Min. 2 months - Max. 4 
3. Bi-monthly Min. 1 month - Max. 3 
4. Monthly Min. 15 days - Max. 45 

·,'~1e following example illustrates the procedure to be used: 

months 
months 
months 

days 

'':. · is a target in a CCCR category having ~~ 60 day (two 
c"':..-3:.::.dar months) repetitive requirement. If target "A" 
w~:.·.:.:.~ used on 1 January to satisfy the Jar./Fe'o CCCR, then 
L.·:--: aL;.s.:; of the calendar requirement it car~ :::-:o-c be used 
z . . ;.-,·:...:. ;)efore 1 March. Because of the 90 day min/max time 
r _, .,_-~:. :ement, it cannot be used after 30 Mar~h to satisfy 
-.. .. ·";; l~iarch/April CCCR. 
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Thus, unless Target "A" is acquired successfully in March, 
it cannot be used until the May/June CCCR 60 days perivd. 

The other limiting case is when Target "A" is successfully 
acquired and used 29 February for the Jan/Feb CCCR, then min/max 
time requirement permits Target "A" again to be used for the 
March/April CCCR time period if it is successfully acquired only 
during April due to the min. time of 30 days. 

5. Target coverage will be in stereo. SAFSS-4 will make a second 
study to determine the number of satellites required to accomplish 
the USIB target requirements giving due consideration to the stated 
mix of stereo and mono coverage. 

6. Roll degradations will be accepted in both studies up to + 
45°. The total diameter of the target must be within the film 
frame and the photography made at or above so sun angle. 

7. During the study, the following special requests will be in­
corporated into the year's coverage: 

a. Tyura Tam - two requests 

~. Lop Nor - one request 

c. Severodvinsk - one request 

d. Multi-target coverage of SEA-one request 

These special requests will be given a Priority 1 
~:ating for scoring purposes. The special requests 
will be placed in dated envelopes to be opened at 
the appropriate times during the study. 

8. For tile aircraft.,missions will be planned for the entire year 
based on ~limatology. This planning will result in the average 
number o::' .•.• issions that will be flown each month for the entire 
yea::··. TL- maximum number of flights each month and the minimum 
ti~d :nterval between successive flights will be base~ on system 
li .. ::L -~.:~ ticL.s. The target coverage and available weathE:.:: will dic­
ta·, · · .. he :·umber of flights during each month, not to exceed the 
max: ···urn. '.:'he minimum threshold for efficient target c0llection 
per :~igl·. will be based on the actual weather in the years 1957 
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to 1960. When the forecast weather is such that a number of targets 
collected per flight will exceed the threshold, as obtained above, 
the mission will declared as non" for a T-minus 24 hour posture. 
The forecast weather for the next 24 hours will be used to decide 
on the actual launch day and time. Missions may be cancelled or 
recalled up to the time of aircraft launch. A factor of one day 
for film processing and readout will be applied to any flight 
flown before this data can be used for planning purposes for sub­
sequent operations. 

9. For the satellite, missions will be planned individually, and 
based on climatology. Missions will be of 16 days duration with 
2 recovery vehicles. A factor of four days for film processing 
and readout will be applied to any recovered vehicle before this 
data can be used for planning purposes for subsequent operations. 
Film quantity will not be considered a limiting factor. All satel­
lite hardware limitations will be observed. The maximum launch 
rate to be used is one launch each 14 days not to exceed 14 launches 
durL1g the year of operations. 

10. ~he target weather, to be used by both the aircraft and the 
satellite ior all missions, will be the 1962 actual weather as 
provided by the Air Weather Service. AWS will provide this weather 
data in both "fine grid" and weather conditions at individual tar­
gets. The weather data will be expressed in per~ent clear-sky 
conditions from 00% to 99%. 

L .... ·:-he ·weather percent clear-sky numbers will be used as the 
prcbability of acquiring photography that will satisfy CCCR needs. 
~ni3 ~umber will be used as the Monte Carlo input to decide whether 
or ~0t sa~isfactory photography has been obtained. 

:2. aeliability factors of 80% for satellites and 95% for aircraft 
will be used. These factors will be applied to the number of mis­
sions flown during the study to obtain the number of missions re­
~·"""i.:...~ed fo:~ such coverage, rather than random failures during the 
s·cudy tc produce the reliability rates. 

13. Cost figures for both aircraft and satellite systems will 
be computed as one-fourth of the development costs plus 1 year 
c:l:' \,..;~M and delivery of the film to the processing facility. 
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14. All satellite study results will be forwarded to MAC. MAC 
will make the cost/effectiveness comparisons. 

15. Satellite and aircraft system effectiveness will be evaluated 
against the following criteria: 

A. Weighted target values based on the COMOR Working 
Group priority structure. 

B. The percent of the specified CCCR category coverage 
actually accomplished weighted against the above 
priority structure. 

c. The percent of"the specified CCCR cov8rage actually 
accomplished in each category. 

Ai~e~native evaluation criteria will be established, as appro­
pr·l.~".;e, during the course of the study. 
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MEMORANDUM FOR MR. VANCE 
MR. HELMS 
DR. HORNIG 

SUBJECT: ISINGLASS 

On September 7, 1966, I visited the McDonnell plant to review in detail 

their proposal for development work on the ISINGLASS concept. Their pre-

sentations and the discussions indicated a high quality technical effort across 

the spectrum of technology relevant to this concept. It should be recognized, 

· however, that the DOD and NASA have under way technology programs span-

ning the same fields, although not so specifically pointed to this single con -

figuration of flight vehicle and single class of flight trajectories. 

The McDonnell work in the areas of technology pertinent to ISINGLASS 

seems to stem from their participation in earlier Air Force programs related 

to the DYNASOAR program. McDonnell was the contractor on the ASSET 

Program -- a $40 million scale-model flight test effort in support of DYNA-

SOAR structural and aerothermodynamic technology. This technology has 

been advanced considerably since the inception of the DYNASOAR Project, and 

the hypersonic lift-to-drag ratio specifically has been advanced from 1. 8 in 

TOP SECRE.T . .. 
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DYNASOAR to values of 3, both at McDonnell and ·at Lockheed (under an Air 

Force White Contract). The results of on-going Air Force technology programs 
'· 

have generally been made available to the aerospace industry except w~~re 
, .. 

contractor proprietary information was involved. 

Therefore, it is apparent that the McDonnell efforts cannot be considered· 

in isolation where technology is concerned. The specific vehicle design and 

mission analysis studies, on the other hand, are unique since no other con-
'· 

tractor has focused major attention on this particular mission and this particu- .. , 

lar class of flight trajectories. 

In addition to technological factors, I also reviewed the McDonnell cost-

effectiveness studies and the vulnerability analyses which compared ISINGLASS 

with satellite systems. The cost effectiveness studies were being conducted 

in accordance with ground rules which did not correspond to current satellite 

operations. The NRO Staff has since worked with the CIA to set up ground 

rules for a cost effectiveness model which could be used by McDonnell to com-

pare the ISINGLASS with current and planned satellite systems. With respect 

to the vulnerability analysis, anti-satellite (or anti-ISINGLASS) technology 

comparable to that proposed for Air Force System 922, particularly the employ .. 

ment of IR homing, was not being considered in the postulation of defensive 

weapons systems. Full system netting had also not been considered. Although 

there is no firm intelligence information which would indicate that the Soviet 

Handle via BV£MMl 
Control System 
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Union plans to deploy such an advanced system, it is certainly within the 

realm of technological possibility in the time period when ISINGLASS could 

be available. It was my suggestion that a more balanced vulnerability as-

sessment be made including the consideration of advanced defensive systems. 

Since the high-pressure liquid hydrogen-liquid oxygen engine is an essential 

feature of the proposed ISINGLASS vehicle, it should be noted that this effort 

is being funded as an advanced development by the DOD and NASA for possible 

application, not only to manned vehicles such as ISINGLASS, but also to un-

manned vehicles, recoverable boosters and upper stages of launch vehicles. 

The time scale of this development is such that a flight-rated engine for an 

ISINGLASS-type vehicle would not be available before 19'll at the earliest and 

achievement of this date would require a large increase in .effort on the engine 

program no later than a year from now. 

As a result of activities in various DOD and NASA programs, there are at 

least three qualified contractors other than McDonnell who could undertake the 

development of a vehicle such as ISINGLASS. They are Boeing, Lockheed, 

and Martin-Marietta. The advantage which McDonnell has had lies mainly in 

the concentration of their efforts on this one specific vehicle design and in the 

contact they have had with the user, which has enabled them to better under-

stand the requirements. However, I feel that if a decision were made to proceed 

Contmi S:~stern 
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with a full-scale development, and depending upon the degree to which final 
I 

requirements might accord with those now being studied by McDonnell, it 

would probably be in the best interests of the Government to avail itself of 

the advantages of competition. 

At the present time, I believe that only study and advanced technology ef-

forts on the ISINGLASS concept are warranted. Study effort should be directed 

to the most significant areas for further evaluation of the concept. The tech-

nology efforts should be limited to those items having a critical bearing on 

system feasibility, basic characteristics and· cost. In addition, it is essential 

to assure that technology efforts complement rather than duplicate the extensive 

NASA and DOD technology programs in the same general areas. 

Since many uncertainties and doubts exist with regard to the future of this 

concept, it is essential that McDonnell be made fully aware that the program 

is still in the study phase, and will not necessarily lead to follow-on efforts 

of any kind. In particular, McDonnell should be cautioned against the premature· 

build-up of a sizeable work force in anticipation of a full-scale development 

program. In view of the objectives of the study and advanced technology effort 

appropriate to this concept at this time, extensive large scale structural tests 

and comprehensive detail design need not be initiated. 

The recommended NRO funding for a twelve month program is as follows: 

llandlc via E.·. '.~:~~··; 
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1) System effectiveness studies including mission analyses, cost-effectiveness 

and participation in vulnerability analyses. 

$ 550, 000 

2) Advanced technology program centered on the unique and critical aspects 

of this concept including additional wind tunnel tests, preliminary designs, 

major design trade-off studies, window, window cavity, and ca1ling design and 

testing, and selected structural and materials tests. 

$1, 500, 000 

Since there are comprehensive DOD and NASA programs in hypersonic 

vehicle structures, materials and associated manufacturing processes, details 

of the McDonnell plans for structural element fabrication and test, as part of 

the advanced technology effort, should be reviewed by the CIA prior to approval 

to proceed. The NRO Staff will make available to the CIA details of the on-going 

DOD and NASA programs so that complementarity may be assured. 

Upon approval by the ExCom, this program will be funded from the approved 

.. FY -67 and FY -68 budgets for aircraft research. 
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•i 

MEMORANDUM 

RO Approved For Release January 5, 1967 

MEMORANDUM FOR DIRECTOR OF RECON­
NAISSANCE, CIA 

Attached is a draft of my proposed memo-

randum to the ExCom on ISINGLASS. Your 

.. comments and suggestions are solicited. If 

possible, I would like to send an agree~-on 

version to assure prompt approval. 

Alexander H. Flax 
Director 
National Reconnaissance 

Office 

Hand! a via DVEMt\N . , u.t> 
Control System cory ____ OF-A..:COPIES! 
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Director, National Reconnaissance Office! ;.:;.~ 1
; 

.I .-_., .. - ·--- • 
MEMORANDUM FOR: 

........ ~ 
I I I . 
: ~~,'} \ •I 

I &1-il ·- \ -tnt 
I ----- I II i SS-!1 .... I . 

SUBJECT: Project ISINGLASS 

REFERENCE: BYE-52014-67 

I SN'D-1 I I 
1. This memorandum is to confirm our conversation of 1 f--l 

last week wherein I told you that we do not feel that it is ::J\.:T;D-~_ ;_ i. 
advisable for this Agency to go any further on the ISINGLAS~0j,r.:> \ ti­
Project. It is our feeling that the Air Force is present!~ -----~ -- (­
better equipped to pursue an effort of this magnitude. If j sr.F~t_l ... l---
at some future time it appears that this type of program l!r·nD::t \ \ 
indeed has some merit, and you feel that our technical re- --- i ··· ~L 
sources would help to advance the art, we will be happy to ~! ______ .! .. pr 
take another look at it and provide assistance as needed. ntr: I ; 

-----i--r· 
2. As you know, McDonald Aircraft Corporation and ..i--j---

Pratt and Whitney have put considerable effort into this · 1 1 
concept. They would like to be advised if any other Govern.:---·-·--·­
ment agency.is interested in this program and, if so, would 
like permission to discuss the program with the agency and 
turn over the available technical data which they have 
accumulated to date~ 

.~~,._,..""""""""~ 
Director 

CIA Reconnaissance Programs 

BYE-0046-67 
Copy No. i»3/ 
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April 24, 1967 

MEMORANDUM FOR THE DIRECTOR OF RECONNAISSANCE PROGRAMS, CIA 

SUBJECT: .Project ISINGLASS 
•• 

This is in response to your March 24, 1967 memorandum 
to me which confirmed your previous suggestion that any fur­
ther effort on the ISINGLASS Project might best be undertaken 
by the Air Force, Although there is no established Air Force 
system requirement for a vehicle of this kind, ·there is a 
broad overlapping area of technology R&D covering both the 
vehicle and the engine. 

In order to protect NRO security with regard to the origin 
of the ISINGLASS Project, I have asked Colonel C. B. Saunders, 
Director, NRO Prpgram D, to serve as a focal point during the 
transition of any of the ISINGLASS effort into the Air Force 
technology program. He will assist the contractors in making 
contact with the appropriate organizations in the Air Force 
and will disseminate information derived from ISINGLASS in 
appropriate form. 

~#J41 
Alexander H. Flax 

. .. 

H,UIDLl VIA CONTROL.NO BYE 52279/67 

'· 

' 

' ( ' 
co,y~or .- co,.n 

· PAG(-..:.!_ or l. ·I'll flU 
2YEMAN TOP SECRET 
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NRO APPROVED FOR RELEASE 23 JUNE 2010

.. 
C' 

Punc tions:- -e IA···-· 
Ng() 

CENTRAL INTELLIGENCE AGENCY 
~ t• ;.·cs WASHINGT.:>N, D.C. 20505 

llllllllfii~QIIIIIIIIII_ 

;)c\\ ~· ISINGLASS 

'5 111~1 2\ 
'{)~ .;V• • 

,~ \9 _,_....) . BYE-2575-65 
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MEMORANDUM FOR: Director, National Reconnaissance Office 

SUBJECT Proposed Boost Glide Device 

REFERENCE a. BYE-36169-65, Dated 6 March 1965 
b. ISI-0040-65, Dated 8 March 1965. 

/'_:,.:;-;:: '<t. r ,. .·,;~ ........ -> .~~ .. 
l. 1 want to acknowledge your memorandum of 6 March and ·. 1 "'..:.'} 

mention that I too share your concern for a full analysis of all aspects .. / 
of Project ISINGLASS. 

2. As I understand your communication, we are in general 
agreement that a requirement exists for high resolution wide swath 
width photography and that the boost glide approach appears attractive 
from both the launch/recovery and vulnerapility aspects. With this as 
a point of departure, BYE-36169-65 then suggests that the first phase 
o'£ effort be devoted to competitive design studies of a manned integral 
booster, manned second stage with disposable first stage, unmanned 
integral booster, unmanned second stage with disposable first stage, 
preliminary aerodynamic data regarding camera.interface, and 
recommend preferred designs by contractor and Program B to NRO 
for review and approval. 

3. A second phase would then address itself to detailed studies 
by the responsive companies demonstrating the competence of their 
respective preferred systems. The results of such preferred studies 
would then be presented to a panel of competent authority for review 
and determination of program orientation. 

4. Following the second phase conclusions, it would appear we 
would then engage in a third phase wherein we fund studies to 
accomplish a program definition. 

ISINGLASS 
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5. My review of the briefing and support data furnished to us 
by McDonnell Aircraft Corporation and Pratt & Whitney vvhen 

·coupled with our extensive evaluations of the requirement and 
v:ulnerability considerations strongly suggested, and convinced me, 
that McDonnell is prepared presently for the final step in Phase 11, 
i.e., a governmental review of the validity of their proposal. You 
will note that we have in effect suggested in Reference b. that such 
evaluation can be made in the immediate future •. We also requested 
funding for feasibility studies to permit us to accomplish a Phase III 
type program definition. 

6. It was hoped that in the briefing given to you that we could 
convey the above conclusions to you. We, in fact, attempted to show 
why we had eliminated to our satisfaction, and hopefully yours, the 
r .. ecessity for needless competition. We apparently failed to do so. 
This does not mean that 1 believe we should turn our back on the 
applicable knowledge gained from the DYNASOAR Program. Actually, 
the contrary is true. 1 am convinced that such data is being integrated 
into the program. Attachment 1 reflects, in general terms, what we 
consider as convincing evidence of the MAC superiority in this area. 
As you can see from .the chart, MAC is the only company with flight 
experience in this regime. Because of the value of practical and current 
technology in a program of this type, 1 am sure you will agree that 
flight experience is essential in contractor selection • . 

7. There are other considerations that support my recommendation 
that a competitive review be curtailed. To facilitate your examination 
of my thinking I have set forth below the principal points: 

a. A loss of momentum and a slippage in eventual 
operation by as much as 18 months. The Reference a. approach 
l'equires a cessation of. the work at McDonnell while Boeing and 
Martin are brought up to speed; time for B.oeing and Martin to 
accomplish their program definition and submit proposals; 
followed by the time for the conventional Goverrunent evaluation. 

b. A significant loss of security. This consideration is 
:related to a sizeable increase in the number of people who must 
be apprised of extremely sensitive intelligence objectives. It 

., · 16P st:cnrr u '~..~,~-··J 

---- ---------··-·- ... 
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also results in the dilution of the sense of personal responsibility 
to protect the ongoing program in addition to the security 
problems associated with binding up the wounds of the loser. 

c. The technology is perishable. An unnecessary delay, 
pos.sibly as much as 18 months, will directly reduce the 
operational lifetime of the vehicle. · Moreover, this employment 
delay increases the risk of leakage of information on the system 
specifications and the chances of countermeasure. This 
compounding of hazards correspondingly reduces the total 
intelligence effectiveness of the operations. 

d. Increase in program costs. As implied above, with 
the inherent delay and a subsequent larger involvement of 
contractor people in a DOD type program administration, we 
will experience a significant increase in cost, occasioned by 
the higher costs of conventionality and idle engineering time. 

e. Level of activity at MAC. We need to recognize that 
McDonnell has voluntarily invested about $1, 500, 000 of 
corporate funds in background development toward th~ 
ISINGLASS solution, and is currently proceeding at the rate of 
approximately $150, 000 per month. In connection with this, I 
share the publicly stated DOD view that where private industry 
has invested its own funds, the Gove:tnment,and particularly this 
Agency, should not be arbitrarily required to go to competitive 
contractors to stimulate artificial state-of-the-art programs. 

8. I recognize the responsibility you have for control of NRO 
funds and comparison of alternative programs; howeve1·, I feel greater 
weight should be given to the legislative umbrella, granted the Agency 
for security reasons to protect intelligence sources and methods, 
under which the Agency may conduct procurement. With legislative 
approbation we can proceed on a directed procurement basis where 
it materially facilitates accomplishing an intelligence objective rapidly 
and securely; being certain, of course, to have had a complete, 
although perhaps unconventional,. source selection. 
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9. For the above reasons I am reluctant to undertake the 
suggested method of validating the ISINGLASS Program. I am con­
vinced we can establish a workable solution whereby we achieve the 
technical and financial management objectives outlined in your 
communication. With this objective in mind I have attached for your 
consideration the extensive analysis which led us to ISINGLASS. 
Hopefully, this will allay your misgivings. 

10. Accordingly, I recommend that you reconsider and approve 
the technical confirmation program outlined in my ISI-0040.,.65 
memorandum of 8 March 1965. As you know, this is designed to 
further harden the technology in critical areas, while preserving 
for the Government several options including possible termination 
should this period of intensive investigation with MAC and P&W so 
indicate. 

.• 

Attachments: 3 

·~~~ 
/JACK C. LEDFORD 

Brigadier General, USAF 
Director, Program B, NRO 
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MEHORANDUH FOR RECORD 

SUBJECT: Deficiencies of ISINGLASS Concept and Proposal 

I·t i's my judg,Tctent that the c:rguments so far advanced for 
i:r:.L:i.:Iti:-:..g the ISHmLt,.SS program are: totally inadequate. It 
is also my judgTnent t·hat the st:cucture of the p:r:ogra.m that has 
·oee1i prol"Josed is wrong. I further c01;.clude ·that ::Lf the concept 
vJ..:!re given an adequate exard.na tior. it v1ould be found to be 
r,,rithout merit. Specific deficiencies in th.e arguments, the 
p·coposa.I, and the concept that lead ·::o these judgments are 
ci"ted l:n~lo-.:-:. 

l. No specific state:n:S:;:t cf h!.U.:;J.ligence or op·erational 
:=e.cr\..~:.~e.n!S;'i1ts hF!.S bce11 n:.adc:. z:tg2i11t:·:: l~;pl.J .. c~b. to e1{an1i11e the ~pcrfo:cn1a11ce 

oi rs::·NG::" ... ASS or pot:cntial comp·S:.titol:"s. Tl1e 11 justificatior:11 so 
:.:a::- advan.:.;;;d for ISINGLASS is ·0ased on e::. sta·cerncnt o£ perfo:cma11ce 
rcc_i'c.i:ceiEe.nt: namely tl:at there is a requirem2nt for a collection 
sys t2r::1 which has tl:2 performance .;; laimed for IS Il>!GU .. SS. 

2. Even accepting for the rno:ncnt the 11 requirement11 for a 
collsction system having t·n.e flight performance claimed for 
IS INGL.~_ss, no adequate analysis has ·::.~::en reported to shmv ·that 
t'ne sr:,ecific manned vehicle tha ·t is proposed is the bes '1: ·way~ o:c 
even a desirable ·way~ to acbicve that performance. In particular, 
no valid cxennination has been made of an urunam"'H::d alternative and 
nc VG..lid examination has been m&de of c..:J.lte:cnativcs, manned or 
tmm.:::.nned ~ that use optimally staged separable boosters a There 
is no question that an unmr .. nncd vel-:..:i.cle with optimized sepa:cabl.e 
·:::;ocste:r V..7Guld be. smaller and lightE:r t·r~.an tha vcr.·sio:n pl:-oposed. 
Y:LndiY1gs ·to the: contr.:1ry that have be2::; reported have been based 
0:.1 the unjustiiie.d ass-u:.:nption that an unmanned vshicle ri.ust look 
like. the r::H:o:.nned vehicle.. vJith a robot pilot added. A valid question 
that can be raised> relative to an unmanned alternative, is whether 
i·ts operation \<Jould be more costly because of problems in landing 
o~ recovery. This question has not been examined in a proper , -· 
CCi1t~xt. 

ISINGLAsS 

EXCLUDED FBOM AU'ro;.Vt'HC 11...:...,;.,, .J ' .• i ·~; 
'"''"' '1'\T'D E:·<:Jnn , n nnli'C! lTf'\'1' A 'PPT.V 
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3. T"r.e IS INGLA.SS vehicle as proposed has a 1:-ange of over 
7000 miles. To reach this long range. -requires a vehicle much 
larger and heavier - hence more expc<J.sive - than would be required 
to reach, say, a r2nge: of 5000 miles. No analysis has been 
prov1.ded to show that 7000 mi.les range :i.s t.·equirc;:d) and r,o cost 
tradeoffs have bee:.a examined in this connection. 

l. ·r·,.... :t-"' c t ·'·Jh'"' ·t-::.v"'"··- .: . ., ·;· ·:·}1·1· "' ...... ..., "c' co1 ~l'" c .,...;OI1 ----.<:. ~Jl.l.: r "'m""'·--:--r ~ ..:..1. a , v -~" ~ ~-l _::,~;~~--..:..!~1..=:..:..~-::- .. _:_._"!; c t .... t.... .L ~\..~. ..1... \:! ~1l. _ 

may be at issue her~, it is impossible. for me to believe that ths 
r.::quirement translc>.tes uniquely iato th.::! performance :::-equirement 
that is asserted as justifyL<g 1Sll:~GIASS. Th2re a:ce> therefo:ce) 
L:.deed many alternatives to ISINGI....P~SS other than those Hhich more 
o1.· less duplicate it.s flight ~>at:h. Such a1tex·natives include 
.sateLL:Lt;;;;:s and ballistic d.:~vices, air launched or lam1ched froin 
·::h:;:; 'l!-2!steri1 Test Ra·nge ~ suitably configured for rapid~ and pe:d12.pa 
··••.:..·o·~<-"'·1-{,J·;;. re·-,1·-- 0.·:: ·-e-J··.;•"-:t' .. 7,;;,"lv C"'<:\ 0 .1 '''"'lQ""J.""'C Q:.C- ll> .. ,_,j,ell ·,\-,:U- .C''•"'1l. ..'-~C;.:_ ~-~-....,, t:~, L.u..L.l.L J._ .1. -t.:.~L \ ......,,J...J v.i.u ...... ..!..J,. ClJ..t .. L~ ... L.u l_.c.;. .. ~ • .L u'-''-• 

·~ -, .,_""',--·,.,q J--i V"'S ·r--a·ve b,:o.c·1 e·.L<=fect--! """-.1" c··ar"'Da...-·-::od" · "·'·! ·-'·+, ·~ Tf'Jr.:T ;. SS .: n ·•-r.·""""S ~~--· .... J... .... ~l_ ... _ - L --L - -~.l..VC·J.../ IJ..i.!. ..l...Y V\1.4.t-- ... J..u.L..._._.J_,_.,_ .J...l. l..~J..LU 

0 ·F ·" '"'·--:-- .;- "'··- ·~ aui nell en t- ..:: P ·'-c. .. 1 "\ ·• ·::.· ,.,_, .. , -· ·"' '·1 ~a ·, ... ,,n 0 ··-·:-.or a1 ,_~ ... -.,....a<··". V·"" s ...._ -vu ..... -Ul.. t::. .~, -va- ...... - ..L-Lt.~ -·..Ll..-;a"'"' .. ~.. ... , ...• - t,..,.!\..t,.. • l,..-..L....... -L.t::..L.Ll t....L .._., 

.:::lso ·r:.ot .sxa.mined > i:t1cluds h::!~gh speed hig::J. altitude aircraft and 
d;::-on.ss. 

5. Ti.1e ~,ulnerabiJ.i·cy .s.n2.lysis prese1Yted for IS Ii.'l'GI.J._ss is so 
sensir:ive to t:h~ assump·cions !T;ade tha.t i·c is misleading. \·J11at the 
.s-,::.a1.ysis sh.o·\·lS is that ISTNGLA.SS r::ig:1.t have a good ~hance to survive 
·;::·::..;.;;s2ge 0\'e.r a_ lUKE X sir:e. with.m .. ri:: a.ny early "tv<:tTilii.1g. ':Chis 
co:-c;;;lusicn \•iould cha:1.g~ sharply if tl-;.e J?OStulated defense syste.u 
\-J.:.:.:.c6 allO"\,v.:~d to direct its n.<d::~:rs dow->. to 1° above the horizon~ 
:::a·cc.~.e:...· t:1an being cut o£f at 5° &s NIKE is now. Tnere are many 
loc.J. ·;:ions where a l 0 limit is en ci:ceJ.y feasible.- It 't'muld also 
change sharply if the Sovie't:s WEo:::'f:: r:o e·Ggage in some s:i.J.nple netting 
of their Tall King radars to provide advance warning.and crude 
.:racking. Bo·::h of these rc.lativcl:;.r simple changes in the defense 
systel"cl <c::ce ruled out in the ar.alysis given, which starts from til.e 
~--..ypo::hesis th.a·t the Soviets would r~1ake r•o special defense effort, 
1:ot c:vei.J. a. s:ilnple one, to de:Eea.t ISINGI..P_ss. 

It is true that ISINGL.:\SS vJould be safe from SA-2' s or 
from a considerably improved SA-2. So would a vehicle flying lower 
and more slo\vly than IS Il\iGLASS. But it is also true that IS INGIASS 
is as vuln.srable as a naive ballistic missile, is more vulne::cable 

2 
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tha:..·. D. :.J.aive. sa-cellj_te.> and is inrpossible to disguise m: protect 
in ·th-:: ways tha c are ava:U a[::l.e for .satellites. 

6. The. costs claimed for ISII:~GLASS are highly questionable. 
De.veloprti2lYt and investrnent costs are p::ohably seriously und.::::r­
estimated, because of c-;.·..-l. iDadequn.te accounting for the ex·tensive 
and expensive support: fae:L!..:.ties thc1.t: w:U..l have. to be deployed. 
Est:.r.~D.I.:2S of operating costs sound co:~·q?J .. i31.:t::ly m:ong. It is assc.~ted 
that fiv2. ye.ars of opr=:r;:;.·dng sc:ve:c.-ai fli.ght ve.hicles and their 
lc::u:..1ch air.cr.aft ..;·;ould cost $113 million.. ISINGLASS is no'c si.mple:c 
than OXCART a·.-~.d this es·timc. te dor::s not stand up under comparison 
with OXCART. One year f t · ten OXCART airplanes is no~rv 
estimated to cost over Curr.ent OXCART costs are ib)(1 )1.4e 

h.igho;:r tb.a:..1 this. 

7. ISINGLASS at l.:,.uncL lool~s like t~n eir-launch.cd ballistic 
missile.. :Ln flig:1t i. t ~:v-::.il La ~Je the :;:.·Dd<?X cross~ s2-c·tion of a 
l2rga ~:rplane; an impressivG i~ira-rsd signature) and a sonic 
~oc:·:.! ~.:l:t1 t is c1t lec1st cit:c.ec'i.:J.bl·.::. J:·t: ·i1..::Ls orl1)' 3l~Lgl'·1tly rtiOr8 

fl.sxioility of marL.;;~,w~::r d;.a:·. a s<u:t::llite ~ and lacks the auto:na tic 
:cepr.:::ti·tivs coverage of t-~12. S<-1 tellir:e.. Operationally therefore, 
it co~)ibines ·the \vors t provoc;=: tive f,sa t:;..n:es of the airplane with 
so~T!c r::.o::·a of its ov;rn a:..1.d wit:i. the: tvorst fe:atures of the satelli·te. 
Thes2 are. it:1porta11t :r.~easoi.1s \·i'::-:.v I believa that no amount of analysis 

~ . 
\Jill e.ver uncover valid :rt::asons for deve.lopme.nt of ISINGLASS .. 

8. T}:s progr.arn f!.~oposr.:-.d i:o:i:' ISllTGiASS developme:..1t lacks any 
~?~ovisio:..1s fm:- t~l.c kind of t.-.:2-:h~·oif ana. lyses that are :noted above 
<ls L::~cking. The program also c.s.lls for an mvard, sole source, to 
1:·£cDo-r~ne.ll. There is ·no jus tific,:.. tion for such an a'tvard. Host of 
the: techrl.ology at issue is available from other. contractors. 
A1tsrnative technologies .s.r(' also av<:dlc..ble and should be co>.1side:ced. 
T:1 pi:i.:::ticular, the Covernrnt::~Yt has .::cl.;:-2-ady spE~nt about $200 mill.:;.or;, 
de:velc~)i:ng essentially equiv:~le~1t l:echnology for DY"'dA SOi:..R. T~1e 
px·cp.:;Jsed program makes -.-.o p-..:.·ovis:Lon for realizing on this invest­
ment • 

..., 
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TS nmi.ASS devel.or:::r:f.::nt 
the U- 2 and OXC..!-i.Rr.:.' v In 

r:;.~: judgc-t1•'::nt: this ::.s not £e.<::s:i.bls fo.: c:, program of the. scope: 
and ccmpL~xity of :~$HiCLt• ... ss.. 1.::1 f"':.c!.:, OXCART 1.·e.ally exceeded 
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SUBJECT:.. Proposed Boost Glide Device 

March 6, 1965 

IIIIIIIIIIPBJJ,IIIBml 

Your briefing to me on tbis subject l-".!18 quita intaresting. 
As you indicated. tluu:o arc quostions, in addition to thono of 
basic technology, 1~1ich aiust be addressed in order to gat a 
full evalu.ation of tha possible costs and usefulness of a 
syst~ basad on a boost glide vehicle. I U3S glad to see that 
you have already begun to examine soma of theso. As you point 
out, a procram to exploit tho possibUities of a boost glido 
vehicle will be very expensive, equal in cost to or gre,lter in 
cost than the davalopmcnt of an advanced airpl.anc. I think. 
that you will agree with me that if a program of this potential 
size is to survive it must be subjected to analysas of its 
problema and of tbe possibla alternatives tllat are complate 
and of tha hiehest integrity. , 

Your briefing brousht out several conclusions 1 tho most 
interesting and important of whicbt in my jud~o:nt, were tha 
following. 

1. Tba requiremexat exists for 4 flexible :rapidly reactinz 
aya ta:n capable of returnillg data. 4ftu a single pass over the 
target area. 

2. A photographic 81iath SO miles 1n width ia uoeful in 
connection with this requirement. 

3. A boost glide trAjectory ovtlr tho area of inta.rost 
appears a faas:f.bla approach. to tba requirement. 

'"- Such a trajectory requires about ~10-th~:.:.:.is of the 
energy per pound of fli&ht vehicla that is required of an 
orbital device. makin,g an air launched device appear attractive. 

ISINGLASS·· ~ 

1, · ExcLuDED Fnou J.uTo!!ATic a~G?:~nr:r1~ ... 1 
/,. .. DOD D1R • 6200 .10 DOES U01' AP ?r.V ! 
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S. Except in tha presence of a major deployment of AICBM 
defonses. a boost glide trajectory ia not highly wlnerable 
to defensive action. 

6. A boost gllda eystem would probably call for a largo 
initial iovostmant, but in an active market might experience 
relatively low operating costa. 

I have several concerns about tha p-roposal as you bava 
now described !t. First. it is not clear to me. at all 1 tbat 
a manned vehicle is roquired • or cvcm desirable • for tho mission 
in quastion. It seems likely that a.n unmanned glider for this 
mission would weigh very much less in flight than the 25,500 ll>s. 
you estimate for· the m.o.nned vehicle. Ita launched weinht 'WOuld 
then be correspondingly less, and the whole system simpler an4 
possibly cheaper both ill developnent and in operation. 

' 
Second• l®te that the vehicle you ·.dascribe, although 

somewbat·sdifferent in structural concept, is in size and 
performance v~y similAr to the X•20 (DYl~OAB.), toward tho 
davolopnent of which the Government bas. spant· about $250 million. 
Any undertaldng now to study vehicles of this kind snust permit 
bringing to bear tbe lmowledga gained, t.md the technology 
developed, on the X•2.0. Furtber, at the present time, the 
Air Force is studying with the Martin Company a proposed program 
for an ablativaly cooled hypersonic glide vehicle at a some-what 
smaller scale. Advantage 1110uld result f:rou drawing on this 

. teclmology aa well. · . 
Third, it is not clear to mo that a fully integral, 

completaly recovered t single ataga boost is the best for this 
mission. In particular, a smaller vGhicle, properly staged .:1t 
boost:, might not require development of a new propulsion system. 

rourth, it ia quite clear to lllG that a program of the size 
and scope of that visualized in your briefing c.lnnot practicably 
be carried out in a clandestine manner. Shoo~ld it develop that 
the scope of the program cannot significantly ba reduced by 
simplificatioD of the vehicle and of ita propulsion requirements, 

2 
,Ct~<.,··---f-,.~ ..... f. .. -
r- .c: -·---~~ .. :· .( ___ . 
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it will be necessary for the NRO to managa tho program in such 
a way that major elements can ba covcred by overt identifica• 
tioD and financing. 

Finally, we must recor;nize, as your briefinG already has, 
that a boost glide syst~ is to potential competition with 
S.'ltellite and ballistic systems. Thesa could be available 
sooner than a boost &lido system of the kind described in your 
briefing, or altematively they could ba of a generation later 
than systems now in operation or development. If configured 
against the t.OW recognized requirement for quick reactions, 
these competitors lVOuld have. operational characteristics, and 
costs • xequiring careful comparison with those of a boost 
&lido device. · 

In view of your conclusions, I 4gree that proper conoidera­
tiO'Q must ba givc:m to a boost glide system. In viet·7 of my 
concerns, and because of the potential cost of any final pror;ram 
that might result, I feel that I cannot raccmnand even initial 
steps to the Secretary of Defense and to the Director of Central 
Intelligence until I· am satisfied that a10 conditions can be 
~tl 

First. tllllt a program can be laid out tha.t provides 
the D~mo, and thus also the Secretary of Defense and the Director 
of Central Intelligence with a full and objective comparativa 
analysis of all competing m~ns that miaht •easonably satisfy 
the x-equirEment statod; · 

Second, that financial conm:Ltmm1ts and oblieations to 
contrcctors during tho program can at all times be limited to 

,. those \lhich :Ln the jud&ment of the DNRO are justified by their 
expected contribution toward the achievement of approved goals. 

Accordingly • I would like ·you to lay out for my consider a• 
tion a progrD.m alol\g the following lines. 

~e interest is in a boost glide vehicle, air launched 
frCIIl a carriel: no larger than a B•52, and capable of a us3ful 
tJ:ajectory of 6000 ~tical milea or mora. Competitive paid 

3 
H::.NDLE VI" s···~!\1~~~ ,. • '- '' r:..\, 1. 
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vehicle design studies would ba undertal:cn with at le:1st tt·10 
contractors • UcDonnell and Boeing • and prafcn-ably also \d.th 
Hartin. 'I'hasa design studies would procaod in two steps. For 
each contractor • tha objective of the first step lt.10uld be to 
examine alternative configurations in sufficient detail tlu.'l.t 
eaCh contractor's preferred configurat1an or configurations would 
be identified. Tha objective of the socond step would then be 
to pursue des!sn studios of tbe preferred configurations in 
sufficient detail that effective evaluations and comparisons 
can be made among tbe designs of the canpating contractors. 
Comparisons in all cases are to be mads on the basis of weights, 
costs (both development and opGrating), mission performance, 
possible operational limitations, and factors bearing on 
operational reliability and development risk. 

Initially • consideration must be stven by each contractor 
to at lease the following four' general configurations. 

1) Manned vohicle with integral booster. 

2) manned second stage vehicle with a disposable 
first stage • 

' 
3) and 4)s unmanned vehicles. respectively with 

integral and separable boosters. 

In considGring vehicles with separable boosters, an 
opt~lly stagod configuration should be identified; considera­
tion must also bo given~. hov.1ever • to disposing of the first stage 
within 300 nautical miles of the launch point. · 

For the first step. all vehicle contractors would be given 
the same interfGce requirements for the camera system. 

Far each controctor, the· output of the first step wuld 
consist of at least the following' 

1. PX'eUmiDary aerodynamic data pexmitting initiation of 
camera w:Lndow studios, to ba done UDder other contracts • 

.. , r.; 
~. J • ~ 
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2. Comparative analysis of the configurations studied 
carried to the point for each that further study or rejection 
can be justified. For tha more likely or attractive coofigul:a• 
tiona. soma indication should be given of tllG sensitivity of 
each to the constraints imposed by the camera intel:'face. 

3. one or more recoumend~d preferred configurations, 
with justification. 

1 would expect you to subrllit yam: rccoaoendations for 
those configurations to be carried into the second step, with 
justification, for my review and approval. 

Each contractor, during the second step, would concentrato 
on tho conf18Urat1ons approved to him.· Arrangements would be 
made at this tima with propulsion contractors, 4S necGssitated 
by tbe particular configur~tioas under study. For each vehicle 
contractor tba output of the second step should include ~ 
overall system concapt, nod a vehicle design or desiens in 
sufficient det4il tb4t specific structural techniques, specific 
propulsion J:equirements and subsystems, and recommended other 
subsystems are identified. Analyses sbould ba presented permitting 
comparisons =ons· competitors according to the criteria. liated 
e:u:lic:r. 

. . At or near the clone of the second step, it would be 
necessary for tha lU\0 to convene a panel to examine the 
structural, propulsion, and other problema associated ldth 
esch proposed vehicle system. UDing the results of tbe second 
step, the findings of this panel, and tha results of such otl1er 
cnalyoes as tho ~m.o will make, the Dl!P~ · '·wuld then report to 

.. the Sa~etary of Defense and the Director of ·c<mtral Intelligence. 
t-lcu:o the findings to justify it. such a report could recommend 
tho initiation of a prot;rsm def:lnit:lon. pl'l.'i.se, with vehicle and 
propulsion contractors to be selected by such procedures as 
might appropriAtely be %ecanmaoded at that time •. 

Tllere is little question that tha cost and time to de'\Telop 
a boost glida system will be daninated by the problans of the 
vehicle itself..._ Nevertheless, should a program dcfiniti~ phasG 

s r-;.:.~:Ol ~ VIA SYEMAN 
CON'ffiOi..: :,y~TL:M 01-llY 
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be undertaken 1 it will be necessary to include definitiye llrork 
by a camera contractor. Accordingly. it ia appropriate, at 
about the close of tha first otep of the vehicle studies 1 to 
invite three or four camera contractors to compete in a paid 
design competition for selection of a·eamera design and 
contractor. Prior to tbat time, additional study is needed of 
the eamera. requirEments 1 and of the . relation of these require• 
menta to those that tnight be imposed by a ballistic system 
configured fo2: comparable missions. 

Pl.es.sG let me be.ve yota: rcconmendationa fo1: a study 
program coufomin; to the objectives and guida.neo just outlined. 

6 

. I 

~<1l 

Brocla~ayMd(illan 
Director 
National Reconnaissance Office 
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This paper(summnrizes the history of manned reconnaissance 
\, 

aircraft programs\for peacetime overflight of denied territory 

with emphasis on the rati~nale, statements of need, and authority 

which led to their development and operation, as well as the 1 

management arrangements under which they were carried out. ~ 
The present situation is then reviewed wherein the ISINGLASS 

effort has been terminated, the OXCART is in the process of 

being phased out, and the U-2 is considered as effective only 

in limited areas away from a Soviet-type defensive environment. 

The future role of manned reconnaissance aircraft systems, or 

even the need for them, when viewed with and compared to the 

rapidly improving capabilities of satellites and drones, then 

emerges as the fundamental issue which is to be resolved. 

BACKGROUND 

During the year 1954, as for some years previous, the 

urgent·problem of defense against surprise attack by Soviet 

TOP SFP.RFT 
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Russia continued to occupy the attention of all those in 

. Washington who bore the responsibility for the Nationa~ Security. 

A high level committee, whose membership represented the best 

.minds in the country, continually met in Washington to study 
' 
•' 

every facet of cold war ~trategy and to advise the President~ 

There was no lack of brain power available for the task, and 

.the shortage which was recognized by all concerned came to be 

known as the "Intelligence Gap." 

The existence of the iron curtain and the growing hostility 

of Soviet Russia toward the West made it inc~easingly difficult 

to mount classic intelligence collection operations against the 

USSR~ In the summer of 1954, the U.S. intelligence community 

had come around to the view that the only prospect of gaining 

the vital intelligence was through systematic aerial reconnais-

sance of the USSR. 

The special study group of the Hoover Commission, set up 

under the Chairmanship of General James H. Doolittle to in-

vestigate CIA's covert activities, in its report of 30 September 

1954, expressed the belief that: "every known technical scheme 

be used and new ones developed to increase our intelligence 
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by high altitude photo reconnaissance and other means and 

that no price would be.too high to pay for the knowledge to 

be derived therefrom." 

On 5 November 1954, Dr. Edwin H. Land, Chairman of the 

"Project 3" Technical Capabilities Panel (a subgroup under the 
• 

Office of Defense Mobilizations "Surprise Attack Committee"), 

wrote to Mr. Allen Dulles, Director of CIA, proposing a program 

of photo reconnaissance flights over the Soviet Unio·n and recom-

mending that CIA, with Air Force assistance, undertake to carry 

out such a program. The Land Panel's proposal, entitled "A 

Unique Opportunity for Comprehensive Intelligence," recognized 

the risks of provocation toward war that such an intensive pro-

gram of overflights might run, as well as the danger involved 

should one of our military arms engage in such activity, especially 

in view of the tense political situation vis-.a-vis S~viet Russia. 

"On the other hand," .the proposal continued, "because it is vi tal 

that certain knowledge about industrial growth, strategic tar­

gets, and guided missile sites be obtained at once, we recommend 

that ~he CIA, as a civilian organization, undertake (with Air 

·Force assistance) a covert program of selected flights." 
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The airplane that the Land Panel had in mind for the 

overflights was the CL-282 (later designated the U-2) which 

Lockheed had proposed to the USAF in 1952 and which the Panel 

came across in 1954 dur~ng their search for a technical capa-
• 

bility of collecting intelligence over the USSR. The Panel 

concluded that the program was feasible and should be pursued 

by the Government. 

In Dr. Land's letter to Mr. Dulles· submitting the proposal, 

he made it clear on the Panel's belief that the activity was 

appropriate for CIA (always with Air Force assistance) and recom-

mended "immediate action" through the CIA covert means, to pro-:-

duce the aircraft and equipment and set up a task force. He 

stated further that "the opportunity for safe overflights may 

last only a few years because the Russians will develop radars 

and interceptors or guided missile defense for the 70,000 ft • 

. regime," and that the aircraft itself was "so obviously unarmed 

and devoid of military usefulness that it would minimize affront 
. I{ 

to the Russians, evenAthrough some remote mischance it were 

detected and identified." 

' . 



NRO APPROVED FOR RELEASE 23 JUNE 2010

I 
I 

f. 

., 

0 

N RO Approved For Release 

Dr~ Land and Dr. Jim Baker, of the President's Advisory 

·cquncil, had continually reviewed all advances made in the· 

optical field for application to the photo reconnaissance over-

flights. Dr. Baker emphasized that the Air Force was already 

years ahead in the development of suitable camera systems as 

a result of their many years of experience gathered from spon­

sorship of basic research and development programs; "this is 

· particularly true of the electronic computation of optical 

·systems. The development of these complicated optical systems 

would have taken years in Germany by the older methods--but 

,.· now is about to be accomplished in 16 working days with _our 

IBM/CDC computers." 

In the two weeks following tne Land Panel's proposal to 

CIA, discussions took place between the Air Force and CIA as 

to the feasibility of undertaking the recommended program. On 

19 November 1954, a meeting was held in the office of the Secre-

tary of the Air Force, Harold E. Talbott. It was agreed that 

• the CL-282 proposal was practical and desirable and should be 

contracted fqr (along with the modified Canberra recommended 

by the Air Force). It was further agreed that the project 
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should be a joint Air Force/CIA effort and that regardless of 

a source of funds to support it, CIA unvouchered channels should 

be employed for passing. the funds. 

Later in November 1954, Mr. Dulles and General John Samford 

(USAF) met, and it was agreed that the DCI would prepare a memor­

andum seeking Presidential approval for the program. This mem-

orandum, dated 24 November 1954, recommended Presidential ap­

proval of a National requirement for the reconnaissance over-

flights, asked that the Air Force and C~A be directed to imple­

ment the development of the aircraft, and requested that the 

overflights be conducted at the earliest possible time. This 

memorandum was approved by the President verbally. 

A face to face meeting of Mr. Dulles and the top Air Force 

officials concerned reached a joint agreement on the organiza­

t'ional and management r~sponsibilities of the program, and on 

3 August 1955, in a memorandum entitled "Organization and De­

lineation of Responsibility--Program Oil Stone," signed by 

General Twining and Mr. Dulles, responsibility was given for 

.generai direction and control of the project to the Director of 
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CIA and the Chief of Staff, USAF, to be exercised jointly. 

The agency appointed project director and the Air Force 

appointed deputy project director would be responsible for 

conduct of the project through all its facets, subject to 

guidance from higher a~~hority. The Air Force project group 

(headed by Colonel Russell A. Berg) would act in the name of 

the Chief of Staff, and SAC would perform a supporting (not 

a controlling) role in the training and operational facets. 

The essential guidelines under which the program would be oper-

ated were that it would be a clandestine intelligence gathering 

operation to be conducted in such a way, as to minimize the 

risk of detection and of plausible attribution to the u.s. 
Government. 

The first U-2 overflight of the Soviet Union took place 

on June 20, 1956, passing directly over Moscow. Several sue-

cessive flights occurred that same week and, on July 11th, the 

first Soviet protest was delivered to the State Department. 

Requests for subsequent flights were more closely scrutinized 

before receiving final approval. The overflights continued, 

although less frequently, and in ever shrinking areas due to 
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the Soviets improving air defense systems, for four years, 

well past all predictions on longevity, 

As the CIA/Air Force overflights continued, the Strategic 

·.Air Command acquired its· own fleet of U-2s which were :assigned 

the peripheral photo and SIGINT missions. 

On May Day 1960, with the downing of Mr. Powers' U-2 over 

Sverdlovsk, the overflights of the Soviet Union came to an end, 

At that time, a Presidential ban on further manned overflights 

of the USSR was imposed and remains in effect, 

The U-2 has continued, by the addition of electronic counter-

measures, the J-75 engine, modification for aircraft carrier 

operation, and a variety of other improvements, to perform a 

successful and useful role in intelligence collection in those 

areas, such as China, Southeast Asia, and Cuba, where its presence 

or even loss, is of less political consequence. 

With these continuing U-2 operations and the attendant 

·attrition, it became apparent that there would be a need to 

·replace these losses in order for this vehicle to continue to 

fill its special reconnaissance role and, accordingly, on 21 June 

1965, in a joint memorandum to the NH.O, •J.~ .:ector, Program B, 
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·and the Director, Program D, recommended that the· Air Force 

and CIA, in joint enterprise, initiate a new buy of an improved 

.U-2 (U-2R) as a means of realizing the maximum benefit from 

the newer and other reco,nnaissance systems which could not be 
.. 

. profitably diverted to those tasks handled by the U-2 and as a 

means of replenishing the U-2 fleet. The U-2R, now in flight 

tests, will be operational by the summer of 1968 and should 

remain a useful intelligence tool at least through the early 

1970's, albeit in the non-Soviet environment. 

Early in 1957, while the overflights of the Soviet Union 

were underway with the U-2, and it will be recalled that the 

period during which overflight would be possible was to be 

relatively short-lived, and with the understanding that photo-

graphic satellite systems were well into the future, the CIA, 

in reaction to the improved ability of the Soviets to track the 

U-2, and as a means of prolonging the overflights, began research 

in radar camouflage as a means of hiding the U-2 from the radars. 

It quickly became apparent that only limited and temporary sue-

cess could be hoped for through the application of the passive 

camouflage of an aircraft of conven~ional structure since the 
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materials themselves were either too heavy or narrow banded, 

and further degraded aircraft performance. Already the Russian 

radar systems were characterized by a considerable degree of 

frequency diversity. These circumstances suggested ~he need 
' .. 

for a much more radical approach in order to obtain satisfactory 

results. Preliminary consideration led to the conclusion that 

any such radical approach would involve the use of unconventional 

material, structures, and configurations of aircraft and most. 

probably a combination thereof. Accordingly, an exploration of 

possible design approaches was set in motion in August 1957. Two 

basic designs resulted from this effort: The GUSTO concept of a 

supersonic yehicle using a drone powered by ram-jet engines launched 

from a B-58 mother aircraft and the other approach, OXCART, for 

an unstaged aircraft with roughly the same performance specifi-

cations. On 15 November 1958, the Land Panel, in response to 

the need for such an advanced system, recommended the GUSTO 

system to Dr. Killian. Further consideration by those involved 

in carrying out this development program came to the conclusion 

that only the OXCART was technically feasible in the immediate 

,, .•.. ,. , :· ... :·~ \1 .·;: ._ .. : r~~J; 
L\,i:: .• •••·· L.J ~ r:=•••i~~~ 

I'.I''T:::JlOW~1Hl 
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future and, accordingly, in the summer of 1958, members from 

the DOD, Air Force, CIA, and with the President's Scientific 

Advisory Council obtained the necessary Presidential approval 

to implement the OXCART program. A Joint Source Selection 
I 

Board was established which chose the Lockheed proposal over 

the one from General Dynamics. 

During the very early stages of the OXCART design, radar 

cross section goals were chosen which were felt could be achieved 

in an operational aircraft and which would permit a near covert 

penetration of the Soviet radar defense net or at a sufficiently 

reduced detection range to permit a safe transit. A program was 

also implemented to assess the OXCART vulnerability. Simul-

taneously, a special ELINT measurements program was begun to 

assure the vulnerability studies would be based upon actual 

measurements of the Soviet threat radars rather than estimates. 

By 1963, it became apparent from the vulnerability studies, which 

were receiving data on the newer and improved Soviet radars, that 

the OXCART would not be able to covertly penetrate the radar net 

undetected and tracked, and accordingly, recommended the develop-

ment of a "Supermarket" of electronic countermeasures systems • 
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This ECM program was carried out and produced the variety of 

threat warning and jammer systems now available for operational 

use. 

Although the OXCART. achieved its design goals by flying 
.. 

at specified altitude and speed 48 months after the contract 

date, it did not receive the necessary authority for overflights 

and in 1966, while being held in a state of operational readi-

ness, and at a considerable cost, came under increasing scru-

tiny by the Bureau of the Budget. The decision was subsequently 

made to phase out the program by December 1967. Later, however, 

in response to an urgent USIB requirement, the OXCART, as the 

only practical vehicle for the job, was deployed to Okinawa for 

overflights of North Vietnam in search of possible surface-to-

surface offensive missile sites. The decision to phase out the 

OXCART has been extended three months to allow additional time 

for the Air Force's SR-71 to prepare to take over these missions. 

In 1964 and again in response to the continuing increase 

in the capabilities of the Soviet air defense net against air-

.craft operating in the OXCART regime, the CIA, in anticipation 

.r··· ..... ;"''-;. ~-.:\ ·.--~ .... .... .... l . . ~...... ; 
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of a need to develop a more advanced manned reconnaissance 

system,· initiated a study which led to the definition of 

the ISINGLASS boost-glide concept. The Agency had set forth 

those performance speci~ications that would be required to .. 
' . successfully penetrate the Soviet environment during t.he 

next decade. The objective of the ISINGLASS effort was to 

: conduct covert photographic reconnaissance of those geogra-

phical areas normally denied u.s. overflight. The vehicle 

envisioned relied entirely on ~ts operational characteristics 

for survival; it would enter denied territory at Mach 21 and 

.200K ft altitude, and exit at Mach 7 and 120K ft. The pro­

posed launch method was from a B-52 near the periphery of 

the USSR with recovery planned at ZI bases. The program as 

proposed would cost in excess of one billion dollars. 

In March 1967, in recognition of the magnitude of under­

taking the ISINGLASS program, and the expense which would be 

required to bring the program to an operational stage, the 
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Director of CIA Reconnaissance Programs recommended that this 

·effort be terminated. 

In review, it is seen that the development of the manned 

aircraft reconnaissance •.syst.ems has been based on deduced need 
0 " 

I 

and agreement thereto, and has preceded the statement of a 

formal requirement delineating this need. Stated requirements 

against which the manned systems have been targeted have always 

followed. These joint CIA/Air Force enterprises have worked 

and worked well, reducing duplication while making maximum use 

of each organization's assets and abilities; such ~s the Air 

Force world-wide operational capabilities and the CIA's "Skunk 

Works" approach to the research and development. 

It is not possible to adequately review manned reconnais-

sance in proper perspective without going back to another date 

in 1960. In that year, on August 20th, the first photography of 

denied territory from a satellite was successfully recovered 

by the DISCOVERER program which was the forerunner of the present 

CORONA. This initial reconnaissance satellite operated for one 

day, and returned 4000ft. of film. The photography obtained was 
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monoscopic and had a ground resolution of 20 ft. Since that 

time, about 100 CORONA vehicles have been launched, lifetime 

has increased to 15 days, and 30 to 40 thousand feet of film 

·are returned from each miFlsion. Most photography acquired is 
•.. 

in stereo and resolution has improved to less than 10 feet. 

In addition~to the CORONA search capability, spotting systems 

have been developed and are now producing photography of resolu-

tion between 

PRESENT SITUATION 

The present situation then can be summed up as one in which 

satellite photographic resolution is rapidly approaching that 

of present aircraft systems. Satellite photographic systems for 

search and surveillance which will achieve resolutions of 2-3 

feet and will remain on orbit for 30 days or more. The advanced 

technical. intelligence systems will remain on orbit an equal length 

of time and should achieve a· resolution of 
1

1 b)(1 )1.4g Technology 

for reading out images from satellites in near real time has 

been developed and could be flown in theearly 1970's. 
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At the same time, the operational concepts for advanced 

aircraft are taking on many of the characteristics of satellites. 

To achieve the speeds necessary to survive in denied territory 

such aircraft would operate at very high altitudes well above 
'· 

all weather and near the 'J.imit of the sensl ble atmosphere, and 

would provide only minimal maneuverability. Such systems would 

1tend to operate on the basis of a single pass over the target area. 

Thus, the fundamental issue which must be considered concerns 

the need for future manned reconnaissance systems and what efforts, 

if any, should be undertaken in this direction at this time. 

The question arises as to the direction and scope of the 

NRO effort in the area of advanced reconnaissance aircraft. 

Many questions come to mind when considering this issue; not 

the least of which concerns whether satellites (or drones) can 

ever completely replace the manned system. If overflight by 

either system can be accomplished at will, the manned system is 

in general by far the more cost effective. What are the unique 
' 

attributes of the future manned system when compared with other 

future SEll sor systems on a. cost effectiveness basis? Will the 

-......... ·-·r. t 1o ,' t; fi I . .._, . •, ': I,)·. v 11 
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present ban imposed on manned overflights be lifted? If future 

overflights by manned systems are indicated, is it necessary 

that the mission, as in the past, be carried out as a "clandestine 

' · lntelligence gathering qperation to be conducted in such a way 

as to minimize the risk of detection and of plausible attribution 

to the u.s. Government" and can such a mission be truly covert? 

·Could othe~ organizations, therefore, be called upon to fill 

these future National needs on a more or less overt basis? 

The present situation is also one in which there is concern 

over the vulnerability of the satellite programs as well. During 

the past year the Soviet technical capability to interdict our. 

satellites has become most clearly defined. The HEN HOUSE radars 

at Sary Shagan and Angarsk are identified as satellite acquisi­

tion and tracking radars of a very sophisticated nature. Coupled 

w.ith DOG HOUSE, ABM HEN HOUSE radars and possible modified TALL 

~INGS, the Soviets will have an excellent and rapid orbit capa­

bility very soon. The GALOSH missile has the acceleration, 

payload, and accuracy required for intercept, and the TRIAD 

radars are considered adequate for the target and missile tract 

·----------- -··· .. -
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functions. Although the NRO has emjoyed a considerable 

amount of freedom in the conduct of its space programs to 

date, the future is not so certain when weighed against this 

ominous defensive envi~~ment. 
I 
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tibil.ity to sonic· boo:<1 const.r:riints. The in.ten.sity, however, fn both 

c;.s;;;s should he less tbun l psfa sitrce flight .is maint.aine:d at -sur·fi-

ciently i1tgh altitudes- to minimize boom st1:ength. Both- v-ehia.les h.;sve: 

~be d.s tL:c t :1dvant<1gc of making a conventhmal landing. 

but does "!:l'Sul t in sorr£ 

c:;mTl;'i::-GJ ~() i1 imll i.:Hic veh:i.c l~. The vo.fume.t-t:ie &f:£h:i~>il¢i;<:$ arc 
·.-.• 

w1~n thu state of che ~rt. 

·S):~ t.(~lnS .. vehicie 

. . . 
ll1.gh) 
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anJ th~ potantial for evasive actions also contribute to a system whic!1 

,;bonld have a relativ0.ly low vulnerability. The photographic resolut:i.on 

should be improved over a ballistic technique because of the operating 

al ti t\1da; however, experimental investigations must he made to verify 

,;ptical quality in the presence of the plasma. Ir. addition, temperature 

and density gradient factors must be assessed. This vehicle will employ 

t;.;H:) re-radiative tl)ermal protection concept and considerable con:fidcnce 

;1,;;;w exists for such materials both from ground and flight tests such as 

th~ ASSET, although specific fabricability of sele.cted materials a.nd 

c,mstruction techniques must be proven. Based on current information. 

however, it: is felt that this can be accomplished and that such il:1 

;ctppronch can offer a reasonably high degree of reusability with minimum 

reiurbishmcnt. The high fineness ratios and configuration geometries 

r~quired for increased efficiencies in gliders lend themselves to and are 

.::,.>::\mensurate with the same requirements for launch or booster systems. 

C,H:s~quently. i.io integrated l<1uncb/entry vebicle offers a vromising 

d.;:>proach for air-lamlch applications particularly \vhen increased lsp 

,4.50) capabili.tic:s are consicler·ed. The. :::1ohile launch platfor-o (.;oircrai'<t) 

.. ;. 
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<.tt"e n:!asonab.ly well estobl.isheci, aL::hough admittedly, i.nc:=c::.as.;;d :wro-

C:f<1:I:r:ic efficiency must be ver:!.fieci. Ea5ed upon an asst:n:oJ scr,ecit;~e 

ot h!O launches and r.e.usa.ble vebicl.es the program costs ;,;oulci t-:K)St 

?robably be in d1e order of $2.5 billion. 

4. Or.hital Vehicle v;ith :\crndynarntc vr ?ropulsiv~ !Je-:-(Jfbit G:.t;,.abi'li.t.v 

An aerodynam~c de-orbit capability as refl0cted in an o-rbital doacay 

r.;-entry is not believe.d to be competitive.. The points of entry :.md 

flit!,r•t p0.th time history would be re.asonably unpredictable frorn tile 

?ilot's point of view. It is felt that a propulsive devicQ or retro-

r~.1cket offers a r.ruch greater degrE!e of on-bo<1rd predictability an<i 

r8li.a.bility if dn orhital system is under consideration. 1t is vmrth-

v.~:·•i Le t:o mention that after performing a normal de!-orbi t maneuver u:. th 

re(ro-rockets, cons~derabie energy still exists within the system dn~ 

Lhe VI?'. oc i ty at the st.J.rt of entry is very near. orbj:r:al. ·rr..i.s c.or:-:i. :.:Lc.r; 

~s sucl1 that very large ranges could ~xist, considerably in exces~ ex the 

--.; 
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r . _:;-:.' :: .. · :2"-~'.:r,~: .. 

I 

: ·!Yl.t;~~to~~ .. ,~;~.f;~{i.:~~~i~:~ .. ~~~.~fi?,c~•···.··· 
"IS:IWGLA$S,•I{~if~~T;c.}'{,:·{ltiC1} De~~-t~l#~jl¥./~rc)srarn. · 

.. ~ 
.: .. 

1. Pursuant· to y()Ur verbal 't'equest 1 {::~ye ~·-t;a~he<:l to: 
. this. memorandtJm a rec~end~d re.se·arch · and.:d~yta-lQ:pirjent program · 
for IS:INGLASS cove;in~ a. _periP4 ·of ··a.bout ~~il~:_}llg~t::t'ts• ...•. 11\i.s · . 

. program ha:.·be::::~::r~~~t!f~~i~tz~:~D!g~~~~~~;~::::: .. 
in particular, -t·o< e-st~:Oltsh sys.tc;im :c•~pabilities ·wi,th regard 
to res o!ut ton:

1
-: .• surviv_"-~};~+i;t.){~ r_. aiige, l:'~facti_ori time, .tac- ·· 

tical flexibi- i·ty, a.tl.d··~a;get f!Oye:rage; _and · . 

. b. to est~1;lli.stF'J:·elt~~+~;:,prpgram :d~_~t' es_tim~~e-s 
ba·sed on deta;:tle(l P.<?iJit·d~s:};gn;;;-;s~b~y~t~~ ~n~lys.':L~, and, 
tns.ofar JS. pq$~f::bl;~):.~:~(;:t;U4.J.:'~:1'TIB:9:""~~c:;t~rj,.pg. exp~~~e.nce. 
ln order to a9P?.mPJ;~-~h: -~-~~;,: ~-9.9¥~:,<-~ su~st:~n~.~.9rl: ~mbUnt 

~~ i·~~~ ;t.if' f:~i~~:i::b&rll&·~~~{;~t~2&h£~!i~£~-:-~ibft~~;r-~f-
the · c.i::mcept. · · .· · · ·· · , · · · · · · · · · · · 

. ' . 

2. Th~ est.im~t:~d cost of,\th.~,;b'{cD<;>npell Portion of the 
program is $5, 3.50,{)00~ · In addi{#:i.dil, w¢ are recorrnnending camera 
envi;onment. ·st~dies t()t(3.ll,~:i1S·$1:So,.ooo-,···gi\ripg a nine morith 
program total .of $:5,.500;000. · 

H·a"dl.~. Via 
BYEMAN 

Control Sy~t•m Only 

3. The basic study areas at :McDopnelt-are: 

a. system -Effectiveness .. :. This will include 
development of· a missitc:>n· pet'fortpai;lce c;omputer program 
and ana1ysis of t•a·tget·ing, ·reaction time, basing recovery, 
and support operat:iol1.s. lri addition, neC,ess·ary contractor 
support to government· studies on survivability and cost 
effectiveness. w:Lll be .provided. 

b. Corif:i..gyration Definition: . Using extensive wind 
tunnel testing, .full flight tarige perform.gnce of the 
aircraft and carrier aircraft will be established and 
design sensitivities assess.ed. In addi-tion, extensive 
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!~~iiliilii!~iiilllfti;~;~~~~~; 
d. Cost and Schedule -.sUbstiHit'i:atl.on: The results 

of ·the ~ork_ab9V'~ ¥il):.c·l:>$. ·v$~d ~o-·d~~v~I9p.a high cbnfi­
dence bas'e for ·cost· a:nd ·s.ch¢dul¢ ·pef:(ormance. 

4. _ In additr·iort tp, the \fiOi.kAt MqDql:p:t~;ll Aircraft Corp. 
we are rec-omme,ndirtg qer,tairi 's;tudeies to ~s;tal::ili-;sh camera 
environm~nt. ·These stud-ies- wt:ll inv~s.y:i,.gcite . the internal 
turbulence of 'the- Cctll!era ··bay; winc1qtilrte¢p.¢rature gradients, 
and boundary l!'lyer ef·:fects. Det:ai.ls :are· set forth in the 
attaehmemt. Total cos'i:,·o.ver aperiod-of·-9months,would be 
$150,000~ . . 

5.. If, on conclusion of the forego~ng p'(ogram, it appears 
desirable tO Ccintlrtue _work on t-his. proJ~ct, .w¢ WO\lld propose a 
second phase •. · Ib partic.ular, we feel that a full scale .fuselage 
section and window ca.v~.ty shou.ld be ·cortst.ructed. This will 
permit us to vetify wei·ght: factors, harden' cost_ data, and 
determine c~pability' to· achieve re_soluti0n requir:ements. We 
are in the proc¢ss of prepar'ing this s.econd phase program to 
las.t abc>ut nine months and cost about 5 million dollars. 

NRO Approved For Release , ; ----- I }'l 
-~~~1=~ JJ . l) 4--~n.v 
HUNTINGTO~t' D. SHELDON 

Director of Reconnaissance, CIA 
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A. McDonnell Aircraft .Corporat.ion 

1. System Effecti v~nErss· .. 
2. Con; tgu+at top ~D¢f'fni t: i.pn 

BYE;...2100-66 

3 ~. Techno1pgy .Demonstra:t;iC>p . 
4. Cost arid Schedule Substantiation 
5. Revie\ils. ;;lnd Doc~'merttii'ti6n 
6. Progr.am Schedule 

with accompanying key 

B. Camera Studies 

1. Interna 1 Turbulence 
2. Window Gradient ""ests and 

Boundary Layer Effects 
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ISINGLASS RESEARCH & DEVELOPMENT PROGRAM 

A. McDonnell Aircraft Coro. 

1. System Effectiveness $440,000 

The global operating concept, logistics plan, 
support requirements, and mission effectiveness for 
the McDonnell Model 192 (ISINGLASS) will be developed. 
In addition, necessary contractor support to govexnment 
survivability and cost effectiveness studies Will be 
provided. 

a. Mission Effectiveness 

i. Operational Plan - the global operating 
concept will be developed and system deployment 
requirements such as basing, recovery, logistic 
support, etc., will be defined. The irifl1;1ence of 
operational variables, such as response titne, data 
processing, range, etc., on t~e operating plans 
will be determined. 

ii. Targeting Analysis - Targe,ting and mission 
effectiveness analyses will be performed for the 
Model 192. 

~~~. Targeting Computer Program - A mission 
performance computer program will be developed. 
This program will produce the ••missionized" ground 
track of the Model 192. Basic vehicle characteristics 
and mission variables, such as launch-recovery base 
constraints, maneuverability, swath width, speed­
altitude-range combinations and flight directionJ 
•rill be included. 

b. Survivability 

Suppo:.t will be provided to U. s. Government 
vulnerability studies. These will include a first­
order evaluation of gross characteristics and a 
technical evaluation in depth. 

c. System Evaluation 

cost 
Support will be provided to U. S. Government 
effectiveness studies. Necessary data inputs 
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in the ar~as of. opera~ional ··effectiveness and cost, 
manufacturing <:·ost, ·refurbishment, attrition, etc., 
will be analyzed and prepared, Alternate boost­
glide systems based on point designs will be inves­
tigated. 

2. Configuration Definition $3,250,000 

Key parameters of the configuration will be iden­
tified and trade-off studies conducted to achieve best 
design and performance. The objective will be to define 
a configuration that assures high confidence, substan­
tiated analytically and experimentally. Design aids, 
such as scaled models, will be utilized where appropriate. 

a. Performance 

i. Performance characteristics will be 
established and will include operational effects 
such as tolerances on launch conditions, guidance, 
control, navigation accuracy, atmospheric variations, 
energy management techniques, engine performance, 
etc. 

ii. Developmental wind tunnel testing will be 
conducted to provide data for design optimization 
studies. Effeets of varying configuration propor­
tions and component size will be inve.stigated through­
out the flight envelope_ The Mcllonne.ll Polysonic 
and Hypersonic Impulse Tunnels, and the Cornell 
Aeronautical Labotatory Hype:i'sonic Shock Tunnel will 
be utilized. Developmental wind tunnel testing will 
utilize four wind tunnel mocl¢ls for support of the 
design optimization and sen~dtivity study for 
verification of the;! .performance characteristics. 
The results of these· mOdel tes:ts will be used to 
finalize and validate key·itemsmaking possible 
design convergence· of the ai;tc·raft configuration. 

. I.. A 2-~ ~'tce):lt mo(}el ~11 be tested thru 
the Mach 0~6 t~ '6~.0 .~artg~ ip ~h~ M~t4·C~ · p9lysonic 
wind t1,3,~el:.', Prltn~J.t}r t!iJrp()$e · :ls- :fo:r :configuration 
d~ve:.:topment ·~:nd:·~r~~~~£;~: EJ.b~qy ~*pport; ~ ..... A total 
ot ~l:n::e!!· s:e ries •re: :.'P'i.a~d ·.totaling· approximately 35.0; n()tirs • · · · · · · ... · · · · · · · · · 

·.·lSlNGtAss .. 
:•.J!or ,·seeR:E!i ··. 
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II. A 2 percent scale model will be tested 
from Mach 11 to 20 plus in the M.A.C. hypersonic 
impulse tunnel. Primary purpose is for performance 
development and verification. A total of two series 
are planned totaling approximately 150 hours. 

Ill •. A 2 percent scale model will be tested 
from Mach 10 to 20 plus in the Cornell hypersonic 
w-ind tunneL The primary purpose of thes.e tests 
will be to obtain stability and control and aero­
dynamic performance data •. A total <>f two series 
are planned totaling a~proX.imately 2C5() hours. 

b. Design Sensitivity 

Design sensitiV+t;.efr $il,1 be qe£ined to effect 
the best c<;>mpromises ¢qn·~·i4eii~g:~ll .. pE;ir::tij}ent 
fac.tors. The e;ffect of;. des·i.gti "~):'fab,~l)~:9 . a.nd/ or 
·constraints·· su9l1as v<?Jl~tt1¢tZ::tic; ·.e~~i~ie1:1qy;, ait;.cr.~ft 
ler:tgth, .·glide WEfLght:, :'f;~\l.tl'ch·~~~·g1J.t·,.~pe9.:ific.··imputse, 

.:~dt~£~?.~h!n;~~~;l1t~P~~~~:~f~a:~t;i~~~#E,· }~;·~~t~:;:,~i:d 
c~n beaqcur;3. t,e.'Ey,;a,s,s.¢s.se:<l. The ,ctm~·: ;of.; re,se;:trch 

. gf~~;i~~fi~fiil~;j!!~if~~~i~fri;~e 
•·cie.s:_l.gt). s.~:n.$~t::tvi~;i~s.~w.l.J;l ..• ~n~l'!l.a.er.1·~ll.,.f(!.~t:o:rs;.: ·.··.·. 

-.;-, .:~ ,' •; ,. : ' ·- ' 

:c. ·.:. < < . ,·· .. ·. : __ :.:·-~ '·.-

pe· ilefii1ed< /Tl:\e ·.4¢Ye.+owne.?~ · Clf the: be•st pil.oting . . · 
.;echpiqu.~s ·•will .l:le a p;r:iroaf'Y.· obje.ctive 6f .this . · . · . 
··agt;ivity.~·· }~ey ~lr~~~el:'§'~~i.ll ·be: v~#ied: to d.eve~Qp . ' 
de~_igt:l ·.a no .;pe:r:f<)~n¢e · sensi:t;ivity. relat iollS.hi Ps.·; • · c ·. 

·-·.-.;;_·~.:.:.<-. ,-_;· .· --~·-·_: ___ ··~,:;)·::'~- . ··._. '_~;., . .·.. . . ,:.:_::: •' ·, 
. ,... '.<:;..·.; 2"' <· . :r._:x--..:: .. -· .. :.•, : . . _ .• _ .. ;. :"' . ,·c-.-·.;·· •;_,~ 

<·: .. ; '--~ ·:_".· ... _ .... :''\:-.-··--,.;·.. _:·-~:· ·.-· .. ,-~:-';_ ,· ~ _._., .•,_ . : '., 
_.·-(:~;;~:.::_·:·--/·-: _:; .,, .. ___ ,_ --~--::· .. ·. ·./-:-:: 

· •····· ·; .~r"i~at~J~~ . 
. ·<. ·:.-~~-:-· :~<'. .. ' . ·::>,.:.:~ ·'.'. 

:~:s,tNQtAs.s .. · . / , · 
. I:D.cop'' :OJI:I·e·. a~ . ' . . ~· '. t . rq«:<'O:c;~zn;;!f • ; ,·. ·' ,,., , ... 
' . 3';' 

. :.? 
;· • ·:, ·''. ·., ': .. : )' : . r ·. ~ :' '· • . . ' 

·~-~~i;it~ti;JJjll~~: 
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~~. Landing configuration aerodynamic charac­
teristics will be obtained in the McDonnell low­
speed wind tunnel. Cortfiguration va+iables, such 
as base geometry, lan:ding_g~·ar., canopy, speed brakes, 
and controls, will_ be evaluated~. Primary resour<::es 
to be employed i11. this activity ·are wind tunnel models 
and simulators for pil.ot eva'tu,St:i.on. The ini;tial 
corpora te-sponsoreq activity using. a. 7,.~. pe.rcent 
scale model Qf ISINGLASS w®:l:d b·e c:.onti,nu~d. The 
M. A. c. 1 ow speed tunnel ,wilt ~.gain be us:e d .for 
development ar1c'l veri!£J,cpki6ri te,~~ts . £o:r .l?ndihg . 
capability. ·. Two ser~~~i;r'pf. J:.e&'~s: t'<:>'·t~tlitU~;:~:pppo~-­
imately 350. _hour:s· at¢;"Pl~nf1E:rd ~-.•.. ;ljn coi;ljyp:C.tiqp·with 
this work, an lil}~lo,g ;flight· ·s:~tt1ULator·_::program. ;wJll 
be conductea t.o evalu§lt.e all dy.natnic <3,.sp¢cts·of t·he. 
la.nding characteri$tics .. and pe:Pfprtnance';,_.· 

... •, . 

d. Carrier Air:c.raf.{ . · · 

~~qti~i~1~,t-~!fi~~~~~ti~~~i}~~~~J~~i~ti~ii~~f ... · 
cryqg~l'l:LC · .. :f}tcaJ~-;~.tor;~ge.·,yrfa,"te ~)~ ppe:r~t.~q11al•; .cJ;la:ra;c~ ;.:. 
teristic .. ~ •. 4riqi·~R"er~~ttn~f!:~e~ · ':<'<· -~:> .. ~:,/;:.:;,;:;·•••• · :·>:~ • ....... ·: 

··L · . ca~~fe:~-!:~f~~;i4~·~e.'M~~·~iJ)L9,:z.··.pJi-£q~·Ace .•. 
i.u::b~ding:.f-t~w~fi.~J.d .:ef,fe~.t_s d~ring crui~e and ·: · 

··ranO'e.'···· '-These · te-st:s/will•·lnchi<le ·the combined con.: 
~~igte;r~tiot'l~~O:r~/per-~qiw~nc~~~~J;ta se~bt.tity and control 
y~rif~cati()nand'}\i?'f;lll il'i;c:lpqe·.,proxi~tty te.sts to 

.. -_e$tablfsh. the l•aufi4li·cha"t!"a'C:tet.Lstics~.···· :E~te.rl)al. __ ·.· · 

,··.;~~~~:!li~;~~r~~f!W~~~~~::oot~~tat· 
are. p~a11neq: .Th:t•sZ:9o~t;i.riti~s·:•~Jl~::.'.l.$;J:~Gf.4\;SSl~-52 ... · .. 

ggt~~!~l~i~t~1li~HAC7··~-·-:·····~Nt_;~Tt_~.:R:_:_".;O~-".! .•. ; .• _._ •....•.•. ·., .. ~S:_._ •. _._ln_:_ ;~-~-:T;:;~EM···-~-·~-·~.~w .· 
ISiNGLASS; .. > v J.i -~·~ 

.. m_· .. A __ · ·_'n._ .. ·.·,;·· .. "sn_·, ·e ... _jitvio· · • •";;: , .. :r:or u "t:i"'l: ~· :,·<~.:~::· -_ .. 
. · . ~4 
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of the carrier/ISINGLASS performance and launch 
characteristics. 

u.. Launch techniques will be dev:, · :>ped and 
substantiated. Various launch conditio1 ; (speed, 
altitude, loaci factor, fuel loading, etc.) will be 
investigated. 

e. Photographic Performance 

Technical suitability of all aspects of the 
sensor installation will be substantiated. This 
will include analytical and test effort as well as 
supporting effort by appropriate consultants. 

i, Wind tunnel testing will be conducted to 
develop the window cavity concept and optimize the 
cavity design. Geometric details will be vari:ed to 
optimize caVity and window environment. Testing will 
determine the effects of Mach number, Reynolds number, 
angle .of attack., boundary layer transitioP.t cavity 
length-to-depth ratio, and forward and aft ramp shapes. 
Test fa·cilities wi.ll include. the Corne~ 1 Aaronau.tica l 
Laboratory. · · · · 

A.lOpercent scale model of. the ISINGLASS 
forward fuselage -will be us¢d for. "Wit\d tu,:mel. 
development. . Testip.g will. be. ~9tid~cted frau:. Mach 
10 to 20 plus. tempe·rature dtstr:i1,;utiions aJid levels 
will be. estabti~h,~d a~~ ·conti;~S:f~pn"~:rtations will 
be utilized to op'titn'i.z(!. •th.e envir:9ninent 4nd, d~tJign. 
In additi,on tc;r the wind ~qnnel testing;. tJ"termal .. 
tes-ting of components in the M~~ •. c.. laboratory will 
be cot1a~cted. · · . ·· · 

·. . ' " ·' ' 

il. Iia9kup>:d.e;j~l~~tif; ·te$t.i#g "Qf .an a~tive 
_ wlnd<;>W .c~J..ing• ~y~t:ear.~~i~::t;l)~ ;e~~~{imenpal~)t · .- . · · 

!~1!m!~i~~fl1~~~;!i~~z~;:t~;U!rcn , 
o; :t;he1:tliat:: gra<iie#t..$::,~- Proyts·i~~- .~f!tl. _·be. included: 

:~ ~ 
'~tliii~~~i 
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iii. Boundary layer effects on photographic 
acuity will be determined by wind tunnel tests 
utilizing an appropriate scale model. Test details 
and instrumentation requirements and design will 
be finalized by collaboration with a qualified sensor 
supplier. The Mach test range and similitude required 
indicates that several facilities may be employed 
including Cornell and AEDC. 

f. Structural Elements 

i. Mechanical properties of the roll diffusion 
bonded type primary structure will be demonstrated 
by numerous specimen tests at room and elevated 
temperatures. Variables will include basic core 
shapes, various types of panel joints, attachments, 
and repairs, and an appropriate variety of fabri­
cation techniques. Many test specimens will be 
utilized in this program. Small samples (dimensions 
of several inches) will be used for bending, shear, 
compression and tension strength capability tests. 
Larger panels (dimensions up to several feet) will 
be used for substantiation of design strength 
allowahles. 

A 180 gallon tank constructed of rol~ bond 
titanium will also be used for structural tests. 
This tank has been constructed by M.A.C. as a part 
of the ISINGLASS corporate sponsored activity to 
date. The tank dimensions are approximately 4 feet 
by 3 feet by 3 feet. This tank is of double bubble 
configuration and includes a longitudinal shear 
web divider and end bulkheads. Access is provided 
for installing various cryogenic insulations, 
inspection, and for repair. In addition to eval­
uation of structural capability,·cryogenic system 
tests including evaluation of d)~amic effects will 
be performed. The M.A.C. altitude chamber facil­
ities will be used for part of these tests. 

ii. External shingle design, producibility, 
and performance will be substantiated. Testing in 
the design environment (elevated temperatures, etc.), 
will be performed. Shingle development will utilize 
both small specimens (about 6 inches square) and 
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full scale shingles {about 24 inches square). Many 
development specimens using T.D. nickel, Rene• 41, 
and titanium will be evaluated. Variables to be 
assessed will include: type of core, face plate 
bonding, attachment inserts, seaTing, oxidation 
resistant coating, attachment, and high emissivity 
coatings. 

Approximately ten full scale shingles fabri­
cated in accordance with the selected design and 
material will be tested to verify and demonstrate 
the design. Variation in design and testing will 
verify attachment designs, curved as well as flat 
shingles, strength characteristics, reusability, 
life capability and emissivity. Test facilities 
will include the M.A.C. thermal and altitude 
laboratories. 

Approximately ten full scale columbium 
leading edge specimens will be provided duplicating 
the radius and support method to be used. Testing 
under load at room and elevated temperatures will 
verify strength properties, installation technique 
and life characteristics. Reusability and operational 
lifetime test will include cyclic thermal loading. 
The M.A~C. plasma jet facility will be used during 
this test program. This program will also include 
several columbium panel specimens configured for 
nose transition and control surfaces to substantiate 

·their suitability in the structural and thermal 
design environment. 

An appropriate number of tests specimens for 
development and life demonstration of the main landing 
gear skid will be constructed. 

The nose cap will be developed utilizing previous 
ASSET laboratory and flight results. Element tests 
to demonstrate capability and acceptability to thermal 
shock and oxidation resistance will determine optimum 
choice of material and design. Two full scale nose 
caps will ~e utilized in the M.A.C. plasma jet 
facility to demonstrate design a~ceptability and 
reusability. 
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3. 

g. . ~(jftl'i:bi~~tn-~rtt ' .· 

._ Anaiytic.li;l ~tl.a ... 'te·sti·substantlj;;ti;e>rt-of r,~fur~ . 
bishmene- r~q1Jil;e~e.ti~s·.·wi~t be.f'p~rfO,rme~~ •. Sigt:l:ifi.c~nt: 
fall ·OU,tz _frpn( tlil}is will ;,i,nc).\lqe:_·m~f:}lt.e~pqe · ;:e!ql,lire-~ 
ments ;· t'UJ.:ri·~#~O\i~d •t:im~, /and qp.~~~:t;'iotial' ·cost faptors. 

$1,660,00Q 

The teclil).6lrigy:: ·9~~c?l'lf:ltz:~tipn >prpgpain.-w:i}t .. · ¢on:s~st 
primarily of comp:p~et'(t·¢pns;tttfc:tiori,. ~fidtest;rtg Qf 
certain key el;~ment$ of: .the 'MOdel 1'92'> <:pt1c·epe·<to sub­
stantiate and derrions·trate a high confi:dence technology 
~ase. · 

a. Structure. 

A. full.scale se·ct:i,;otj, approxirna.t;ely 13 feet in 
length; includ_i~g an 8 foot ~ring. sec:tic:)p of the· · LO~ 
tank and ·tl"te· 40X/LH_2· t~nk bulkhea~., ~itt· be .designe~. 
Carrier pylon· at::tacll: :P~irtts. for· ¢9:rt¢eritrtrted load 
inputs will be inctud~d •. _The dim,eri,$i.ons; at the aft 
end of the spE!'cittit'm will: be #PPi.~l,.mat:.ety 15 feet 
wide and 11 feet higl:t; and wil.l taper to di:men,sions 
of approiimately -to J~E!~ ;Wide ~.n9 ·s . f~et high at the 
forward . eno qf the{ specitilen. Subsequ~nt manufa:c·ture 
and uti:lizat-.ion of this full~s·cale article in a 
follow on program will provide demonstrated ass'Urance 
of all Sigrlificartt StrttctJ,irai characteristics inclt1ding 
fabricabili,ty. This assurance is provided for the 
design of each eletriertt .as. well as for the assembled 
aircraft. This ~i;li per!llit evaluation and verification 
of the strength properties of the basic structure, 
propellant storage, precise weights, weight factors, 
manufacturing techniques, and quality and costs of 
tooling, fabrication ,and assembly. This will also 
verify and demons·trate successful transition from 
element construction to full scale ISINGLASS hardware. 

b. Heat Protection 

i. Thermal design criteria will be further 
analyzed by conducting wind tunnel tests to establish 
quantitative heating rates and temperature levels. 
Primary resources provided here are two wind tunnel 
models. One is a 3 percent scale model to be uti-
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lized in establishing the the-rmal suitability of. the;., .. ·. 
configuration. This incluc:ies the qualitative. heat ·.> 
patterns on the vehicle ·p1us quantitative .. evaluat;i,.~$ 
of the configura~l.on ineluding hot sp.otlll or oth~r , .... 
unique areas •.. '!'he.·· second is a 5 percel;}t scali:r tn04e:1;, 
for the de.tertntl)at'ton. of.actual t.ent~rature levels.;·_;<.· . 
througheut the $;peed range for verifications of deat.-gtf.;:!>. 

~~~~~o~:~~t· o'fh~:s·i~nn!:t!i~~e~i¢:~:efih~~e-~~~~~~Er,· 
and cost. It i.s planned to. use at leatit the' 'M•A·.:C~:'> > ·~:}. 
hypersonic tunnel for hea:t.:tng pattern test$ anJ t~(·;· .· ...•.. ·· 
Cornell ttmnel for> the qua.ntita.tive ·test· px-:ogram;. · (f;):' · ... ·· 
total of three series totaling. app:tox:imatel:y 2oo·· hc;nir;s.i• /> 
are planned. ·· ·· · 

u.. The performance characteristics and e:ffi- .. ·.· 
ciency of the insulation~ water-wie~. structutal, · · ; .. \ .. ,· 
arrangement including the effect ot: heat shQrts, l>filz:L .:-, < 
be demonstrated by testing a sample compo$it~ ~;ru¢t!;;1.#~1 
panel. These tests will als-o confirm the p~f:t:n::m~ru:"· .. :< 
of the wicking material and coolant distribution· an<t · 
servicing system. 

Approx:imately six full scaler e;.omppsite .struct-yl;'~i.: 
panels wi 11 be utilized. They wi.tl provi.d~ a ltep+e.~ t· 
sentc t ive sect ion of the ai:rer.aft sevel"al f¢et $t[Ua,r~·c: 
with the J?ropellant t.ank liner, basic structure, .· ·. :··:• . , 
water wick, passive insulation, and the outer r(lQiC~ctl;::Ve. 
shingle incorporated. Loading tests :in compress$ on~'; · .· 
shear, torsion, and bending w'ill be applied. ThE!'rmar··. · 
test to verify stability, shock capability, cycli~:· · , ... 
life limits and mission spectrum loadings, f()r lif~.J. . 
verification will be conducted. Attachment integl:'i~Y ::; 
will be demonstrated 1.1sing flight environments. The~·. 
thermal isolation characteristics will ~ verified l?'Y:;i;.;· A 
tests including repeated exposure to design environliJ:!.i;lt~;;:· 

Water wickiig development will include a large;­
structural panel with the water distribution syste-~ .. 
incorporated to verify the performance of the water · 
blanket system. Dynamic properties of the system 
(vibration and accelerated loads) will be established.·.···· 
These tests will include testing in the M.A.C. lab~ 
oratory. Further demonstretion of the performance · 
of this system will be furnished by test results frQ(n, 
the full scale fuselage test section. ·· 
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iii. Physical properties and thermal performance 
of internal insulation will be established by testing 
promising materials as insulators for the high temper-
ature structure and cryogenic tanks. This work 
represents the selection and experimental evaluation 
of candidate materials for passive insulation appli-
cati.on. Samples will be tested to establish thermal 
performance, compatibility, ease of handling, dura­
bility,producibility and life characteristics. The 
best materials derived from the element tests will be 
utilized in the larger composite test articles. 

c. Manufacturing 

Evaluation of promising structural fabrication 
concepts will be conti~ed to develop the best manufac­
turing methods for the selected ma·terials. This will 
include fabrication of panels with various geometric 
configuration and attachment details. Welding and stress 
relieving methods will be evaluated. Non-destructive 
inspe.ct~on and quality control techniq11e.s will be developed. 
These activities and data will esta'Qlish a solid basis 
for optimizing manufacturing time and cost parameters. 

d • Cryogenics 
'~i~ The performance of t}1e c.ryoger\ic systems will be :t. 

demonstrated. This will :lrtc:l~de testing to confirm '1 

boil-off rates, stratification, transfer-rates., and !~ 
ullage. Propellant dynamics will be dE!-te@ined by ·'· 
appropri,ate sc&le model t¢sts~ Re$ults will deJ:ine those !~-
key characteristics neeessary for beS,t tankage design. ;}; 

'•J.r ,, ' 
While avail;able a:nalytical ~~q·hb.iq~es are quite '~· 

advanced and in some res~ct~ .. W('1.1.~ ~U:b$;kantiated. a ~t. 
significant S:tll~t o~ *x~r;~~t.91 e;yc?~~nie. ~rk i.s ~· 

~:~;bt;~~~!~~~~]~if~~rr~~n:~~~~. ~ .. ·. 
· d~.~.fus~~· ''P9"tl.f!Q~ t:~S.'~ t~··~·tl·>~ . u~~l;i;,z~d- ··fo-:r·.nunterous j_:; 

it~!$B~IMXS!~~~f~~t ~:; ~~~!;,,m I ... 
.. <· .. :; :•·:,: . . <. ·. ·. .· . . :r 

.. ·, .~. , •< ~;;< .. .·. ;~~fi~· y~;~~~N ~·. ~ .. 

;t~H"> ·~~~;~g~~ .· • r .. :.,~:t·;···.•.·.:·:·•-•. ; 

>-~:>' ' .. ~:·: .. -. ·-.~--:·:~~-::.. ~ 
' .. . , .. ,. . :· -;;; ·.-·~, ···.'' _::_. ,· •· .. 

,· 
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A small scale tankage model duplicating the internal 
geometry and volume distribution of ISINGLASS will be made 
to conduct verification tests of propellant volumes and 
attitude sensitivity plus quantitative testing for estab­
lishing dynamic load effects with various propellant levels. 

4. Cost and Schedule Substantiation* 

A primary objective will be to develop a high 
confidence base for cost and schedule performance. These 
analyses will utilize the results of the element inves­
tigations conducted in the previously delineated tasks 
and will use prior McDonnell experience in the design, 
development and production of advanced aircraft and 
spacecraft systems, ramjet and boost-glide vehicles. 
Particular attention will be applied to systems involving 
first generation concepts. 

a. Engineering Cost Factors 

Technical and cost data generated during this 
program will provide a base for evaluating engineering 
design and development cost. Trade-off studies will 
be used to optimize developme-nt solutions. 

b. Manufacturing Cost Factors 

Experience derived from construction of repre­
sentative panels .and test sections will provide data 
for developing manufacturing cost factors and refining 
program estimates. Comparative cost. criteria will be 
used to sele.ct the roost .effective manufacturing 
methods and best {Jlatet'ials. 

c. system ·cost 

Init:i.al:.c9st e$timates for the complet.e system 
will ~ pt(;)g.rE;tssbrely refitted as the system design 
and opere~tionat requlrements are· de.fined. Thec;e 

*The cost of thes.e itE!ms is inctuded i~ the costs 
quoted for the previous pctrag:taphs. 
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estimates will be frequently revised to maintain an 
up-to-date program cost picture. 

Estimates based on historical and statistical 
data will be cross checked with detailed staffing 
and material requirements developed during this 
program. 

d. Schedule Analysis 

A master program schedule for the flight vehicle 
and supporting systems will be refined and updated as 
results of this research and development program 
become available, to a level of detail and definition 
that gives high confidence of a-chieving the major 
program milestones. Subsidiary sehedule.s ·will be 
maintained for major subsyst;e~s. Analysis of detail 
schedulss will encorrip~ss ottt~ide development and 
production of both CFE ~):jd :GfE subsysterps... C.oordi­
nation meetings will-b¢ condti(:ted by McDorin~ll as 
Program Manager and will pr.oviqe necessary inte;rchange 
of data pert·inent to the detailed elements of the 
schedule so as to assure that all significant effects 
are included in the overall planning. 

5. Reviews and Documentat•ion 

Progress and results of program eff.ort will be 
presented in concise form a:t :f,rectu~n~ inte~al.~. El,S shOWI\ 
in the schedule. Reviews a:nd· 'clQC:umertteti;o:n wtll c·onsist 
of~ 

a. Bi.-monthly p~q,granr.>:r.~vi~'w,S ~~t ~Donrte:t.l, ~11 . . 
which all sigpiftc~ttt '!ll~j;Iest;one ·a<?c.oJ~q).li#hme'lit$ . 
and prog:ra.m. dectsi.pil.~;Letrieh.ts·· .will b~. p1te$e-nt:;ed •. 
These. will be ·stipPl.~~n.ted· ~ith infortiia:l.~evi~ws 
of all l)rogt~m ~icti,~iti~'s., .· ··· · · .• .· · · · 

' .. . 

b. A final sQmm~l'#,Y .t.yt,e;. ~eport go11taining all 
program accom~lishrit~nts. . .. · · 
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KEY TO PROGRAM SCHEDULE --
CONTRACT GO-AHEAD 

Mission Effectiveness 

1. Operations Plan 

~lEEKS FROM 
GO-AHEAD 

2. Targeting Analysis - Scenario I 
3. Targeting Analysis - Scenario II 
4. Targeting Computer Program 

21 
24 
28 
35 

Survivability 
Systems Evaluation 

Performance 

1. Lift/Drag RAtio Established 
2. Flying Qualities Established 

35 
35 

3. Flight Envelope Established 
4. Operational Performance Established 

33 
37 
39 
39 

Design Sensitivity 

1. Weight Sensitivities 
2. Performance Sensitivities 
3. Sensor, Engine, and Equipment 

Install. Verified 
4. Vehicle Size and Shape Defined 

Landing Characteristics 

15 

26 
35 

1. Visibility Techniques Defined 19 
2. Low Speed Lift/Drag Ratio Established 30 
3. Landing Techniques Established 39 

Carrier Aircraft 

1. Performance Summary 
2. Launch Techniques Defined 
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Photographic Performance 

1. Cooling System Analysis 
2. Bounda:ry Layer and Shock Flow Field 

Characterisfics Defined 
3. Cooling System Per:£ormance Verii;ied 
4. Boundary Layer Effects Determii:ied 
5. Window Cavity Configuration Defined 

Structural Elements 

Attachmer..t to -
BYE-2100-66 

WEEKS-FROM 
GO...;AHEAD 

30 

32 
36 
38 
39 

1. Roll Bond .Mechanical :Propertie~r Verified 17 
2. Nose Cone Material Properties Defined 19 
3. Alternate St.ructural Conce.p.t Analysis 30 
4. Shingle Characteristics Completed 39 

Refurbishment 

1. Initial Maintenance Requirements 
Defined 

2. Refurbishment Quantities Defined 
3. Material Replacement Schedule 

Established 

Structure 

26 
35 

39 

1. Producibility Studies Complete 34 
2. Structural Section Engineering Complete 35 

Heat Protection 

1. Initial Water Wick Efficiency Test 20 
2. Initial Cryogenic Insulation 

Efficiency Test 23 
3. Water Wick/Structural Element Development 

Test 26 
4. External Heat Transfer Rates' Defined 35 
.5. External Temperature Levels Defined 39 

Manufacturing 

1. Roll Bond Development Completed 
2. Inspection Techniques Defined 
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B. Camera Studies 

1. Internal Turbulence $118,000 

Te~ts and analysis will be conducted to 
evaluate the effects of the internal turbulence 
generated by. the heated window. In conjunction 
with the window tests below, this will altow 
reasonable balance in window design between 
degradation from window distortions and degradation 
from internal turbulence. 

2. Window Gradient Tests and Boundary 
Layer Effe·cts $32,000 

These tests will evaluate the Gegrading effects 
of window gradient and means of reduction of this 
degradation, using wind tunnel data for evaluation 
of heat flux distribution. Current estimates are 
that the window will be the limiting factol;' on ground 
resolution. In conjunction with M.A.C., the effects 
of the boundary layer on optical p~rfo:rmance will be 
evaluated. Current estimates of bouncJary layer 
effects, considered negligible, are based on extra­
polations of existing data at relatively low speeds 
and altitudes,. 

The above three efforts, at a total of $150,000 
can best be done by Perkin Elmer, who have done 
extensive preliminary work, and are leaders in this 
field. 
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