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FOREWORD

The Manned Orbiting Laboratory (MOL) Program was announced by
President Johnson on August 25, 1965, This program represents the
initial effort by the Department of Defense to determine the military
effectiveness of man kin space,as compared to previous programs by NASA,
which have been oriented toward civilién scientific achievements and that

man could abide in space.

The scope of the MOL Program is such that it is known to involve three
regions, eight districts and nineteen branch offices, where IBM has
either contractors and/ orkGovernmental groups which have‘a part of or
influence on the systems and equipment decisions. In addition, the
Federal Systems Division (FSD) has major study contracts and imple-
mentation capabilities in both the space and ground-based areas. The
anticipated special systems requirémenfé will place heavy loads on the
Systems Development Division, while unique maintenance r“e‘sponsibilities

will require close Field Engineering (FE) Division attention.

A MOL Project Office has been established within the DP Division, in
order to provide major assistance and guidahce in DP's: sal'ev and
installation of groundfbésed computer systems, as weli as to provide a
common Data Proéégéihg Division interface to FSD, SDDand FED, The

project reports to Mr. C, E, McKittrick in the IBM Federal Region and
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may be addressed to:
MOL Project
IBM Corporation
9045 Lincoln Boulevard
Los Angeles, California 90045
Representatives of the various IBM Divisions, working in the MOL area,

will all be located in a central office area., This joint effort will serve to

optimize the IBM Corporation's response to MOL's requirements.

The purpose of this notebook is to communicate with the various IBM
locations concerned with MOL, Prompt and timely information and
action is eessen’cialf The project notebook will be updated weekly. Your
constant inputs and corrections are essential if IBM is to make maximum
use of its resources, You will be asked to make sales calls to check/
verify/ sample sales and technical problem areas for other IBMlocations.

Others will do the same for you, if you ask via the Project Notebook.

W. B. Gibson, Director,
MOL Program,

iv




1.0

2.0

3.0
3.1
3.2
3.3

3.4

3.5
3.6
3.7

Section

3.3.1
3.3.2

3.3.3

3.4.1
3.4.2

IBM CONFIDENTIAL

CONTENTS

INTRODUCTION

MOL ORGANIZATIONS

AIR FORCE SYSTEMS COMMAND

Aerospace Corporation
Space Systems Division
Satellite Control Facility
Remote Tracking Stations

Satellite Test Annex - Sunnyvale
Bird Buffers

Satellite Test Annex - Sunnyvale
Off-line Support Equipment
National Range Division
Western Test Range

Eastern Test Range

Edwards Air Force Base

Aerospace Medical Division, Brooks AFB

Eglin Air Force Base

12/15/65




Section

3.8

3.9

4.0

4.2

5.0

5.1

5.2
5.3
5.4
5.5

5.6

APPENDIX A
APPENDIX B

APPENDIX C

IBM CONFIDENTIAL

Wright-Patterson Air Force Base

Electronics Systems Division

PRIME CONTRACTORS
Douglas Aircraft Company

General Electric Company

SUBCONTRACTORS

Martin Aircraft Corporation
McDonnell Aircraft Corporation
Philco Corporation

Lockheed Missiles & Space Company’
Systems Development Corporation

IBM Corporation

MOL SECURITY PROCEDURES
SUGGESTED READING LIST

IBM MANAGEMENT SUMMARY




IBM CONFIDENTIAL

SALES STATUS SUMMARY

Satellite Control Facility, Space Systems Division, U.S. Air Force

All sources of information at SSD have told us the RFP is written, signed
and ready for release. Latest indications are that it will be released on
or about August 1.

Shared memory Model 44's will be bid for the Remote Sites, and the 9020
still appears to be the best system for the Bird Buffer area. A final
determination cannot be made on the Bird Buffer, however, until the RFP
is received.

Mission Simulator

The Model 65 with a front~-end 44 has been selected for the Mission Simulator.
Originally, only one copy will be ordered for installation at Douglas. The
decision to order a second copy for installation at the Western Test Range
will be delayed until later this year, pending resolution of funding problems.

Airborne Computer

IBM has been selected to furnish a 4 Pi computer compatible with the

360 Model 44 for the on-board computer. A 360 Model 44 is being shipped
to General Electric, Valley Forge, Pennsylvania, in September for their use
in developing programs for MOL experiments.

Western Test Range

The Consolidated Telemetry Control Center proposal was delivered July 18,
with a price of 1.933 million dollars. The system consisted of four FSD-
built pre-processors (AMCS) tied into a 360 Model 44. We consider this
proposal very responsive technically; however, it is roughly $250, 000 greater
in price than the customer has programmed for this system. There are five
other competitors who submitted bids; however, we have not been able to
determine equipments nor prices proposed.

Martin

The proposal was delivered July 5 to Martin-Denver for a System/360 Model
44 and two FSD-built pre-processors (AMCS). Martin is currently involved
in a study funded by the Air Force to define a more active checkout system
than DIMAC. This effort is going on in parallel with the evaluation of the
proposals received for DIMAC. A decision will be made within approximately
30 days whether to contract for DIMAC or issue another RFP for this more
active system.

Section: IBM Management Summary Page 1
7/29/66
(replaces 6/10/66)
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ESTIMATED DELIVERY REQUIREMENTS

Est. Customer
Delivery Date

Required

9/66

4 Q 66
7/67
12/67
1/68
4/68
5/68
6/68
6/68
7/68

2Q 67
4/67

4/67
11/67

[ S )
N NN

Q6
Q6
Q6

N

2/67

2/67

Q 67
Q 67

N N

Project Name
Airborne Computer Support

SCF Checkout

SCF Remote Sites
SCF Remoie Sites
SCF Pemote Sites
SCF Remote Siies
SCF Remote Sites
SCF Remote Sites
SCF Remote Sites
SCF Remctc Sites

SCF Bird Buffer

Douglas Mission Simulator
(Alternate to 2 Mod. £5's:
Douglas Mission Simulator
Second Increment Mission Sim.

- WZYR Range Conirol

WTR Range Ccatrol

WTR Range Control

WTR Consclidated Telemetry
Checkout System

WTR Consolicdaied Tzlemetry
Checkout Svatem

Martin Vehicle Checkout
Mariin Vehicle Checkout

Section: IBM Manageinent Summary

DPOW

Equipment Type Status
Model 44 FSD arranged
Model 40 & 2250 Sub. 3/66
Duplexed Mod. 44's Sub. 3/66
Duplexed Mod. 44's Sub. 3/66
Duplexaed Mod. 44's Sub. 3/66
Duplexed Mod. 44's Sub. 3/66
Triplexed Mod. 44's Sub. 3/66
Triplexed Mod. 44's Sub. 3/66
Triplexed Mod. 44's Sub. 3/66
Duplexed Mod., 44's Sub. 3/66
Triplex 9020 Sub. 3/66
Two Modzl 65's Sub, 3/66
One Model 75)
One Model 44 Sub. 3/66
One Model 44 & Sub. 3/€5

Two MNodel 65'3
Model G5 Not Sub't.
Three 1800's Not Sub't,
Two Madal 65's Not Sub't.
Cine Mnodel 44
Four S AMCS
Cne 1 ;53'131 4" Not SU.b'to

Three FSD AMCE

Page 2
6/10/656
{replaces Page 3
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"MISSILES AND ROCKETS" - January 17, 1966

C OAR To Use Own Vehicles for OV Shots

Low batting average in program to date underscores risk of launching
satellites as secondary payloads; eleven launchings planned for 1966

EL SeEGUnNDO, CALIF.—When Titan
11I-C failed to insert Orbiting Vehicle
2-3 into orbit it lowered the Air Force
Office of Aerospace Research ratio of
successful orbital missions from one in
four to one in five in 1965—and drove
home the fact that it is risky. to launch
satellites as secondary payloads on
booster development flights.

This year the situation is expected
to change. OAR will make greater use

by Rex Pay

Five types of Orbiting Vehicles are
used in the Aerospace Research Satellite
Program, which provides Air Force lab-
oratories with a low-cost means of carry-
ing instruments into space. In 1965,
ARSP - supported launching of 139
sounding rockets, seven space probes
carried by Scouts and Atlas ICBM’s,
and five satellites. In 1966, 11 satellites
are planned. Total OAR budget is about
$10 million per year.

of its own satellite launchers starting
with the twin OVI satellite launch
scheduled for Jan. 20.

Vandenberg MOL Rumor Discounted

Air Force spokesmen say there is no truth to rumors at
Cape Kennedy that the budget squeeze on the Manned Orbit-
ing Laboratory (MOL) (M/R, Dec. 13, p. 7) will upset
launch complex construction at Vandenberg AFB, resulting
in an increase in the number of launches planned from the
Cape. Speculation was that the Air Force had agreed to
accept some polar orbit or payload weight restrictions rather
than delay the entire program. This was denied. Air Force
says, however, that it still plans to launch at least the first

one or two MOL flights from the Cape, beginning late this

year (M/R, Jan. 3, p. 7). ‘ .

UTC Awaits New 120-in. Awards

United Technology Center still is awaiting further con-
tracts for its 120-in. solid motor. Two 120-in. programs are
planned, but neither has been given the go-ahead. One
is for the seven-segment motor to be used in West Coast
launches of the Manned Orbiting Laboratory. The othe.r is
for a two, or possibly three, segment strap-on for Titan
HI-D. Me‘énwhile, UTC has been forced to lay off another
200 workers. This brings employment down to less than
1,500 from 3,100 some 18 months ago.

©

Decision on Titan Launch 4Expec’red

AN AIR FORCE decision is ex-
pected within the next two weeks re-
garding the future launch schedule
of the Titan 111-C.

The booster’s third stage—the
Transtage—and attitude-control sys-
tem (ACS) have both experienced
malfunctions in the past two flights
which have resulted in failure of the
launch vehicle to complete those mis-
sions that come close to demonstrat-
ing Titan’s full capability (M/R, Jan,
3, p. 14).

Both failures have occurred in
the final phase of the mission, when
the Transtage was to place payloads
into a near-synchronous altitude
(18,200 n. mi.) orbit. .

The most recent failure, during

the Dec. 21 flight, has now been"

traced to faulty valve operation as-
sociated with operation of the NS5
rocket in the Transtage ACS.

The valve, according to the Air
Force, leaked either fuel or oxidizer,
resulting in complete loss of one of
these fluids. The ACS then became
inoperative, causing the stage to tum-
ble and rendering the guidance sys-
tem ineffective. As of late last week,

" the Air Force still had not pinpointed

the cause of the valve failure.
During the past week, Titan

Section: IBM Management Summary

III-C program officials met on the
West Coast to attempt to determine
the extent of the Titan’s problems
and generate a recommendation re-
garding the next scheduled launch,
which is to place the first eight satel-
lites of the Initial Defense Satellite
Communications Program into the
same 18,200-n. mi. orbit. The flight
was originally set for mid-March.

While the Air Force recommen-
dation is still awaited, sources close
to the IDSCP program told MISSILES
AND ROCKETS that it is “probably not
wise to gamble with the entire IDSCP
payload until a complete success has
been -achieved, including the near-
synchronous altitude maneuver.” This
involves the transfer by the Transtage
from Earth orbit to the 18,200-n. mi.
altitude and circularization of the
orbit at that altitude with a change in
the orbital plane of about 26 degrees
to a position over the equator.

Program sources say a com-
promise solution may be reached in-
volving use of a laboratory qualifica-
tion. model of the IDSCP satellite
dispenser aboard  the next Titan
HI-C, carrying perhaps a smaller
number of satellites. It is still ex-
pected that the launch will come
this spring,

.
1/28/66
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AVIATION WEEK
1/24/66

b [nternational Business Machines has been sclected to develop the data
managment subsystem for USAF’s manned orbiting laboratory, based on a
recent proposal c¢valuation by Douglas Aircraft, prime labolatory contractor.
Sperry Rund’s Univae Div. ran a close second in the evaluation.

1/28/66:

This is unverified and unapproved as yet by the Air Force.
However, if FSD win can be consolidated with the Air Force,
this will be of significant assistance in getting the ground-

based business.

2/4/66:

Late evening, Friday, January 28, FSD was notified by the Air Force

that there was to be a further three-month competitive evaluation between
IBM and Sperry Rand. This is to commence immediately and each

party will be funded for approximately $400,000.

Section: IBM Management Summary ; 222020
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MISSILES AND ROCKETS
January 10, 1966

Repubiic Back on MOL Team
Republic Aviation Div. of Fairchild Hiller Corp., one of
the original members of the General Electric team which

1LOS ANGELES TIMES
approx. 1/15/66

U.S. SATELLITE PLAN
FOR A-DEFENSE TOLD

WASHINGTON (® — De-
fense officials plan to use
high-flying communications
satellites in case of nuclear
attack, senators learned
Tuesday.

Lt. Gen. Alfred D. Star-
bird, director of the Defense
Communications Agency,
provided details for the Sen-
ate Space Committee behind
closed doors.

Secrecy surrounds much
of the military satellite pro-

of Starbird's testimony was
made available outside the
hearing.

Starbird said work is un-|.

der way ori an advanced de-
fense communications sys-
tem ‘"coming into . being
about 1970."

Its circuits, he'said, will be
designed "for vital command
and control functions under
a situation of nuclear at-
tack." He said-such a system
would have "a higher gua-
rantee of survivability" than

other means,

gram but a censored version

bid on the Air Force Manned Orbiting Laboratory, is back
on the project. GE, which is responsible for MOL experi-
ments, has retained Republic for technical consulting services
on planning of the experiments.

FY '67 Defense Budget
May Remain $60 Billion

REQUEST FOR an additional $12-
13 billion in Fiscal Year 1966 to cover
the cost of the war in Vietnam does not
mean, in the view of Dept. of Defense
officials, that the FY ’67 DOD budget
request will now be less than the $60-
billion program which has been antic-
ipated.

Reasoning behind this stems from the
fact that the actual annual cost of the
war is now tagged at at least $10 billion
by both DOD and Congressional ob-
servers, - and that the FY ’'67 defense
request, if the specific Vietnam costs
could be set aside for accounting pur-
poses, would still total about $50 bil-
lion.

The DOD caution against assuming
that the larger-than-expected FY ’66
supplemental request will mean a
smaller-than-expected FY ’67 budget is
viewed - suspiciously by some veteran
political observers, particularly on the
Republican side. It is felt by some that
the Administration would like very
much to prepare the people and the
Congress for a $60-billion budget and

Section:

then come in with something smaller
that will have smoother sailing through
the Congress.

It had been widely held that the sup-
plemental would fall in the area of $5-
7.5 billion, an assessment mostly based
upon refinements of estimates made
originally by Sen. John Stennis
(D-Miss.), of the Senate Armed Serv-
ices Committee. Actually, Stennis, along
with Sens. Russell (D-Ga.) and Salton-
stall (R-Mass.) predicted last August
that the cost of the war in Vietnam
would hit the $10-billion-a-year level,
and that the Administration would have
to present the bill for this in January
in the form of a second FY ’66 supple-

‘mental. The Senators made their re-

marks while openly critical of DOD’s
failure to submit a bill for the whole
figure at that time, rather than just the
initial $1.7-billion bill which easily
passed.

Separate treatment—As matters
now stand, most observers believe the
supplemental will go to the Congress
during the first week of the session,

IBM Management Summary

/i

H

f v;’,‘hich begins Jan. 10, and not as a
/ nackage along with the FY °67 budget,

jvhich is still expected to be presented
on Jan. 24 or 25. Submission of the
supplemental prior to the budget is
also apt to drain off some of the attacks
Congressmen are certain to make upon
the preparedness and fiscal posture of
the DOD in connection with the FY ’67
budget.

Funds coming from the new sup-
plemental will finance a wide range of
DOD projects; however, the largest
items are expected to be for conven-
tional munitions, helicopters, and tacti-
cal aircraft. The press on munitions
manufacturers, accustomed to a much
slower pace until this year, is enormous,
according to industry spokesmen.
Orders are not going to firms other than
those who are already in the business’
and are producing.

As of late last week, DOD officials
said that the final version of the FY ’67
defense budget still had- not been
decided. The casualty list because of
the rising war costs is, however, ex-
pected to include-both Nike-X and the
AF’s Manned Orbiting Laboratory pro-
grams. Nike-X has reportedly been
stripped of all production money and
will continue at the R&D level, and
MOL funding is now believed to be less
than half of ‘that requested by the Air
Force. (-]

-
2/4/66
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MISSILES & ROCKETS -~ January 31, 1966

editorial . . .

A Big, Risky Budget

AKE FIRST THE CASE of the Manned Orbiting

Laboratory. A year ago, we were assured en-

thusiastically that MOL finally was getting under

way as a major Air Force project, one which had

been determined to be important to the nation’s

welfare and which would receive substantial funding.

Now, a high defense official cautions us of the tech-

nical difficulties inherent in MOL and advises

“prudence” in proceeding with it. MOL funding

therefore will not go up as planned but will remain

e, at the same level. The fact is that MOL is so far

(/, within the state of the art that by next year the

state of the art may be out of sight and MOL, as
designed, will be as obsolescent as Dyna-Soar.

'FISCAL 67 BUDGET:

DEFENSE

FY ‘67 funds of $150 million for development are far below original plan; stretchout
likely; new construction funds provided for Vandenberg AFB.

Section: IBM Management Summary e~
2/11/66




C Special Report: FY 1967 Budget

$30.03 Billion for the Industry

Actual DOD and NASA expenditures will be $1.741 billion above
total for FY 1966, although obligational authority will decline

Manned Orbiting Laboratory, a budget casualty, will
have to get along with about the same amount of fund-
ing for FY ’67 as in FY ’66 instead of an anticipated
increase. Carry-over funds, however, will make it pos-
sible to actually spend some $250 million on MOL in
FY °67. n

missiles and rockets, January 31, 1966

Missiles Gain, Space Suffers at DOD

C

Section:

While MOL authorizations will re-
main the same, actual expenditures in
FY ’67 will increase substantially.

The remainder of the military space
expenditure is for construction, which
does include funds for MOL work at
Vandenberg AFB, ancillary costs, and
probably for the unpublicized procure-
ment and RDT&E on military recon-
naissance satellites.

The space spending will also include

RDT&E funds for the replenishment
launch of the initial military com-
munications satellite system to be in
service in 1967 and for a start on the
more advanced system (see special
report—p. 58).

Construction—Included within _the
new military construction program re-
quest are Army funds for additional
Nike-X construction at various Pacific
island radar and missile sites, MOL
construction at Vandenberg AFB, addi-
tional silo construction for the Minute-
man force and “for increasing the
reliability and survivability of ballistic
missile facilities.” The Navy is also re-
questing construction funds for new
missile development facilities at Patrick
AFB, Fla. =

missiles and rockets, Janvary 31, 1966

IBM Management Summary L—

2/11/66
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AAP/MOL Cooperation Studied

A NASA—DOD coordinating
group, set up to handle NASA’s
Apollo Applications program and the
Air Force’s Manned Orbiting Lab-
oratory, is working on identification
of experiments for the two space pro-
grams and mutual use of facilities.

Dr. John S. Foster, director of
Defense Research and Engineering,
is ‘co-chairman of the six-member
manned space flight policy commit-
tee, along with NASA Deputy Ad-
ministrator Dr. Robert Seamans.
Other members are Dr. Dan Fink,
director of strategic systems at
DDR&E, Alexander Flax, assistant
secretary of the Air Force for R&D,
Dr. Homer E. Newell, NASA asso-
ciate administrator for space science
and applications, and Dr. George
Mueller, NASA associate adminis-
trator for manned space flight.

In testimony before the House
Military Operations subcommittee,
Foster said that contract definition
on the Manned Orbiting Laboratory
is expected in May. One of the facili-
ties which NASA may elect to use if
it exceeds the unified S-band system,
Foster told the committee, is DOD's
Space Grouna Link System. Develop-
ment and installation of the system
is expected to cost $32 million.

missiles and rockets, February 7, 1966

.
2/11/66




WASHINGTON CLOSE-UP

Johnson Alters Funding Emphasis

Ever since “The Miracle
Worker” began a spectacular
off-Broadway run at 1600
Pemnsylvania Ave., ancient
and hallowed notions of what

is -politically feasible have

been dropping by the wayside.
The latest to go— a victim of
the budget for fiscal year 1967
—~<relates to the interchangea-
bility of funding for federal
projects.

When the space effori came
of age in May 1961, with
President Kennedy’s call for

men on the moon “‘before this .

decade is out,” a certain
opposition arose against the
idea of lavishing billions, on
anything so tenuously connect-
ed to the general welfare.
This opposition to a moon
project was not absclute but
relative; its partisans felt that
while it would be nice to learn

- about the color of lunar rocks,

other things back home on

-earth needed doing more

urgently,

Scme political realists—
notably Space Administrator
James E. Webb—were quick
to emphasize that the $20
billion or so for Project Apollo
would not be poured out onto
the ‘lunar surface but would
be spent on earth, ultimately
benefiting the  American
economy through a sort of

bootstrapping operation whose ¢

cumulative effect is greater
than the sum of its parts.
Other partisans of the moon
program took a different tack.
Conceding the desirability of
solving problems at home as

"well as exploring the moon,

they . explained that there
simply wasn’t enough®money
to do everything and the moon
had priority. .

Al right, the cpponents
rejoined, why not change
priorities and defer the explo-
ration of space until needs on

Section: IBM Management Summary

By WILLIAM HINES

earth are fulfilled? Here is
where the doctine of non-
interchangeability came in—a
point of view that says you
can get Congress to hold still
for some expenditures but not
for others.

In the budget for fiscal 1967,
President Johnson flouts this
doctrine and outlines a drastic
change of emphasis in' fund-
ing, Where the space race had
top priority (next to national
defense considerations) in the
-early ’60s, that position has
been usurped by the Presi-
dent’s wide-ranging socjal
plans. Officials in charge of
major space projects acknowl-
edge more or less frankly that
they have been called on to
pay their dues in the Great

Pociety.
i One of the most surprising
t cutbacks came in funding of
i the Manned Oribiting Labora-
tory (MOL), which was
announced with much fanfare
by Johnson himself last
3 August. Because of the Presi-
i dent’s personal identification
{ with MOL, many observers
¢ expected that this billion-
¢ dollar Air Force project would
i be treated gently by the
! budgeteers.

ki

Not so; unless appéarances -

‘are ' entirely deceiving, the
| Defense Department anteed up
a significant chunk of planned
1967 spending on MOL as its
. share of the Great Society
[ kitty. The first manned flight

of five in the experimental
program has been delayed

from 1968 to 1969 at the
earliest. Some pessimists
_already speculate that MOL is
headed the: way. of its¥prede-

essor, Dyna-Soar, into limbqg.

On the civilian side of the
space effort, things are no
| cheerier, Voyager, the one big
_ project authorized for the

years after. the first Apollo

manned moon  landing, has

‘been downgraded to the status
‘of  “definition  program,”

which means roughly, *Let’s

_think about it.”” A delay in the

first unmanned Voyager Mars
flight from 1971 to 1973 was
announced even before the
budget was published; a close
loock at funding figures for
fiscal ’67 makes further
postponement appear likely.

This is not all. A big rocket
project for deep-space appli-
cations in the mid-1970s has
been officially killed after
having been stunned a year
ago. . Another  propulsion
program is dying from the
administrative version of the
Chinese torture of 1,000 cuts.
The fate of an atomic rocket
development - program into
which the space agency and
the Atomic Energy Comnis-
sion have jointly invested $1
billion now seemingly hangs
in the balance. There are no
new starts on post-Apollo
manned projects.

This leaves at least two
questions open. What, if
anything, is planned in space
for the years after the first
astronauts land on the moon?
And if space is destined to
taper off as an important
outlet for American scientific
and technological energies (as.
seems entirely possible), what
is to take its place?

These are questions of
considerable importance for .
the Great Society of the
future, A tremendous intellec-
tual and productive capacity
was built up in the last dec-
ade in aid of exploration of
space. The President may
have overturned the doctrine
of non-interchangeability as
far as funding is concerned.
Still unsolved, however, is the
problem of redirecting highly
specialized know-how.

2/18/66




AVIATION WEEK & SPACE TECHNOLOGY -~ January 31, 1966

> New Titan 3 Computer Going Com-
petitive—Sclection of a new, more
powcrful guidance computer for the
Titan 3, capable of satisfving expanding
mission requircmients for the Air Force
space booster. will be thrown open to
industry compctition soon. The present
IBN computer, originally designed for
the Titan 2 (AWRST Dee. 13, 19665,
p- 230, will not mecet all the demands
imposed  on it despite modifications
trom its basic missile guidance config-
uration. The impending  competition
for a new computer will be conducted
by AC Elcctronics, guidance contractor
for the space booster.

Although not attacking McNamara, the full ITouse space committee this week will
call Gen. Bernard A. Schriever, head of Air Force Systems Command, to testifv on the
status of the manned orbiting laboratory (MOL). Any disadvantages the Air Force secs
from reduced MOL funding in Fiscal 1967 will be cited by those in Congress building a
case against McNamara, The committee is expected to focus on why it is taking so long

to define the MOL svstem.”

# MOL received new money totaling
5140 million. With carryover funds
from previous years, this program will
have $250 million available. However,
there seems to be a growing disinclina-
tion in the Defense Dept. to spend this
money.

Section: IBM Management Summary
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Florida Fights|

to Keep Space
Orbiting Lab

WASHINGTON (UPD)—A
Florida congressman has

asked the Governor of Flori-|
da to join him in a battle to

keep the Defense Depart-
ment's Manned Orbiting La-
boratory program from be-
'ing based in California.

Rep.. Edward J.. .Gurney
(R-Fla.) wrote Gov. Haydon
Burns urging his active sup-
port for basing the program
at Cape Kennedy, Fla., in-
stead of at Vandenberg Air
Force Base, Calif.

Gurney said the Ajr Force

had invested nearly - $150'
million on a launch complex
for Titan III rockets at Cape
Kennedy. He said an Aijr
Force proposal to duplicate
the facilities at Vandenberg
for MOL would be a "com-

"The Los Angel

plete waste of tax money."

es Times"

Saturday, February 12, 1966

INDUSTRY OBSERVER

> Dr. John S. Foster, director of Defense .rescarch and cnginceering, told
both the House and Scnate in closed committee sessions that the principal
justification for the manned orbiting laboratory (MOL) is military recon-
naissance. 1lc said that if the program progresses to the point where it can
use more than the $250 million it has available during the remainder of
Iiscal 1966 and in IMiscal 1967, he will not hesitate to request more funding.

> National Acronautics and Space Administration has entered the MOL
program indircctly by offering to scll Defense Dept. six Saturn 1B launch
vehicles which the agency guarantees will put the MOL payload into polar
orbit from Cape Kennedy. This conld put the Titan 3 vchicle in further
jecopardy and also could hamper Air Force’s efforts to build Titan 3/MOL
launch facilitics at Western Test Range.

AVIATION WEEK & SPACE TECHNOLOGY, February 7, 1966
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MOIL Data Studies

International Business Machines Corp.
and Sperry Rand’s Univac Div., began
parallel, Air Force-directed studies Jan.
31 of the data management subsystem
for USAF’s manned orbiting laboratory
(MOL),

The dccision to conduct two studics
after a prolonged and close competition

cficctively delays until mid-May final se- -

lection of a contractor to develop this
kev computer-oriented subsystem. The
two companics were very close in the
proposal evaluation by Douglas Aircraft
Co., USAF’s prime contractor for MOL
with IBM holding a slight lcad._Acro-
space_Corp. and USAT overru'ed Doug-
las” recommendation of IBM.

Douglas previously picked Honeywell
(AW&ST Nov. 29, 1965, p. 24) and a
Collins-TRW Systems tcam (AW&ST
Nov. 22, 1965, p. 32) to develop the

MOL attitude control and communi- |

cations subsvstems, respectively. The
three subsystems complete the primary
sclections at present for the manned
laboratory.

R
2/18/66

National Acronantics and Space Administration soon will disclose plans for large
25-30 man space stations that would be used both for laboratories and bases for manned
planctary cxpeditions. The agenev appears to have made a fundamental decision to
emphasize the large station rather than the six-astronaut manned orbital rescarch lab-—
oratorv (MORL).

AVIATION WEEK &, SPACE TECHNOLOGY, February 7, 1966
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MOI, Hardware Contracts Due in Summer

Washington—Air Force will award tullscale hardware development contracts for
the manned orbiting laboratory (MOL) this summer, Defense Secretary Robert S.
McNamara last week told a joint session of the Scnate Armed Scrvices Committee
and the Senate defense appropriations subcommittee.

McNamara said the MOL hardware phase will begin after design definition,
system integration, specification development and determination of firm costs, all
of which are to be completed in the summer.

In his posture statement, McNamara said MOL will be the largest single military
space project, in terms of cost, in the Fiscal 1967 budget. MOL is a $159-million
line item in this budget, and approximately $90 million remains unspent from the
Fiscal 1966 MOL budget request of $150 million.

In testimony released after the closed session, McNamara identified space pro-
grams valied at $S775 million. The total military space budget request is $1.62
billion, and presumably those programs not identificd cover sunvcillance  and
reconnaissance satellite operations and  procurement of launch vehicles for these
IISSIONS.

Other space programs and their costs given by McNamara were:
® Spacccraft projects—defense commumcahons satellite, $62 million; Navy’s Transit
nnwntumal satellite, $21 million; Vela nuclear detection satellite, S8 million;
Army’s geodetici satellite program, including ground station operations  under
cognizance of the Navy, $7 million, and cxperiments for National Acronautics and
Space Ndnumstmtlon s Gemini program, $2 million.
® Development programs—Titan 3, $66 million; spacecraft technology and advanced
re-entry tests (START), $41 million; advanced liquid engines, $15 million; advanced
space umdancc $2 million, and solid propulsion motors, $2 million.

OSnpporh'ng programs—USAI”s Spacetrack, $33 million, and Navy's Spusur. $3
miflion. Both are elements of the U.S. satellite, detection and control network. Also
in this: category is $59 million for satellite control facllmes

. ® Exploratory development—$158 million for Air Force programs to improve photo-
graphic and infrarcd sensors and over-the-horizon radars, and for advancements in

guidance, spaccborne computers, navigation sensors, missilc target identification,
terminal guidance, secure telemetry, and rocket engine technology.
Major cflort under the 'START program: is the $16-million maneuverable,

rccoverable PRIME re-entry, vehicle. It is expectcd that these capsules will be used
for controlled recovery of data capsules from ‘reconnaissance and other semsor -
satcllites. PRIME funding in Fiscal 1967 will cover launching of four models as

Atlas payloads from Western Test Range to the vicinity of Kwajelein Island.

In the Titan 3 program, $40 million will be spent to continue devclopment -
launches and the remaining $26 million will be spent to complete development of
the scven-scgment, 120-in.-dia. solid propulsion strap-on stage. McNamara said the
total Titan 3 development cost through Fiscal 1967 is $995 anillion. including $84

nn]lmn for launch fﬂCl‘ItlFS at Fistern and \\”Lstcm Test Ranges. i

AVIATION WEEK & SPACE TECHNOLOGY, february 28, 1966
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Current Status of U.S. Missile and Space Programs

ADVANCED ORBITING SOLAR OBSERVATORY (NASA) .

Republic, prime. DESCRIPTION: 1,250-lb. spacecraft to make de-
tailed measurements of Sun's radiation; greater pointing accuracy (5 arc
sec) than OSO; launch vehicle, THRUST AUGMENTED THOR-AGENA.
STATUS: Progrom cancelled because of tight FY '67 budget; may be
resurrected later.

APPLICATIONS TECHNOLOGY SATELLITE (NASA)

Hughes, prime; GE, gradient stobilization. DESCRIPTION: Five-
satellite program to test communication and meteorological equipment
in medium and synchronous orbit; test bed for gravity gradient communi=
cations ond meteorological experiments; weight, 780 Ibs.; launch vehicle,
ATLAS-AGENA, STATUS: Development; first flight scheduled for late
1966. .

APOLLO (NASA)

North American, Command & Service modules, systems integration;
Grumman, Lunar Excursion Module (LEM); MIT, guidance development;
AC Spark Plug, guidance prime; Collins Radio, telecommunications;
Honeywell, stabilization & control; AiResearch, environmental control;
Northrop~Ventura, perachute recovery; Lockheed Propulsion Co., escape
tower rocket; Marquardt, reaction controls; 1BM, realtime computer com-
plex; Westinghouse, power conversion equipment. Lunar Excursion Mod-
ule, prime, Grumman; descent engine, TRW Systems Group; ascent engine,
Bell Aerosystems; environmental control, Hamilton Standard; reaction
control thruster, Marquardt; guidance, MIT; radar & communications in-
struments, RCA; TMC, telemetry, Radiation Inc.; fuel cell, Pratt &
Whitney; external visual display, Forand Optical; GE, acceptance check-
out reliability; rendezvous optical system, Hughes, DESCRIPTION:
Three~man spacecraft for Earth-orbital, lunar-orbital and lunar-landing
missions.. Boosters: SATURN | and SATURN 1B for Earth orbits;

SATURN V for lunar rendezvous and landing missions; 3-modulor space-
craft: Command Module weight, 5-1/2 tons; Service Module, 25 tons;
Lunar Excursion Module, 15 tons; total weight, 95,000 Ibs, STATUS:
First of a series of unmanned orbital tests began with a boilerplate model
launch of SA-7, Sept, 18, 1964; LITTLE JOE Il unmanned abort test suc~
cessful, Dec. 8,.1964; first flight-rated spacecraft to be launched
January 1766; lunar orbits scheduled 1968; lunar landing by 1970;
first manned orbital flight due last half of 1966. .

APOLLO APPLICATIONS (NASA)

No contractors named. DESCRIPTION: APOLLO spacecraft would
be modified to provide extended life support and battery capability; two
tanks would be removed from the Service Module propulsion section to
provide room for additional consumable supplies; ascent stage of Lunar
Excursion Module for extended operations in lunar orbit and on the lunor
surface; many experimental payloads have been proposed, including
orbiting telescopes, survey, mapping communications and many others,
Boosters: SATURN IB and SATURN V., STATUS: RFP for preliminary
program definition for the payload integration work is expected to be
ilssugd early in 1966; about 20 flights are planned beginning in late

968.

ATHENA (Air Force)

Atlantic Research, prime; Honeywell, guidance, DESCRIPTION:
17,500~Ib. four-stage re-entry vehicle, attains apogees from 600,000 to
1,000,000 ft.; last two stages drive vehicle and payload earthwerd ot
near-1CBM velocities; major diameter, 32 in.; velocity package diameter,
28 in.; length, 51 ff, First-stage engine, Castor XM33 (Thiokol); second
stage, either X261 (Thiokol) or X259 (Naval Propellant Plant); third .
stage, 30KS 8000(Aerojet); fourth stage, Ranger Retro BE3, Hercules.
STATUS: Engaged in sub-scale testing of advanced re-entry concepts;
77 launches scheduled; last flight Dec. 10; 13 of last 16 successful; ad~
vanced version proposed to AF for 450-1b. payload.

missiles and rockets, January 10, 1966
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satellites and spacecraft

BIOSATELLITE (NASA)

GE, prime. DESCRIPTION: 1,000-lb. satellites to test effects of
space environment on plants, animals (primates) and other biological
specimens; launch vehicle, THRUST~-AUGMENTED DELTA. STATUS:
Six flight models to be built; first flight in mid-1966; others to follow at
three~month intervals; 14 experiments selected for first flight.

COMSAT CORP. SATELLITE PROGRAM

TRW picked for contract negotiations for advanced worldwide satellite
system; spacecraft would have capacity of some 1,200 two-way voice
circuits and be launched into either medium~altitude or synchronous
orbits; decision on type of system expected six months after contract
signing, with delivery of first six satellites 24 months after signing; up
to 24 satellites may be bought; launch vehicle not yet selected;
Sylvania Electric Products to provide antenna systems at Washington
State, Hawaii Earth stations, with delivery to start May 1, 1966; cor-
poration also working on system for use with APOLLO program and com~
mercial communications; Hughes aircraft awarded contract for four
synchronous satellites, with two to be orbited probably by late next
summer; Page Communications Engineers to provide transportable Earth
stations; EARLY BIRD, experimental/operational satellite built by
Hughes, lounched April é and now in synchronous orbit over Atlantic,
fransmitting between U. S. and Europe.

DISCOVERER (Air Force Program 622A)

Lockheed, prime; GE, re~entry vehicle, DESCRIPTION: THOR-
AGENA and ATLAS-AGENA launchings of stabilized satellites; main
punzose is to test techniques and components for military space systems,
STATUS: All data on program classified as part of DOD information
policy; however, indications are that program has been cut back or ended
as more economical vehicles have come into use.

ECHO (NASA)

Langley Research Center, prime. DESCRIPTION: ECHO |,135-ft,
inflatable sphere in 700~ to 805-mi. orbit; passive communication satel-~
lite; booster, THOR for ballistic tests; THOR~-AGENA for orbital.
STATUS: Program complete; ECHO | in dibit since Aug. 12, 1960; two
ballistic shots in 1962 unsuccessful; ECHO I launched from Vandenberg
Jan, 27, 1964; U.5.-USSR conducting experiments using ECHO.

GEMINI (NASA)
McDonnell, prime; Rocketdyne, spacecraft propulsion; General Elec~

" tric, fuel cell; IBM, guidance system infegration and computer; Honey-

well, guidance; Westinghouse, rendezvous radar; AiResearch, environ=
ment, DESCRIPTION: Bigger and heavier MERCURY -type capsule to
carry two men for up to two weeks; TITAN Il used as booster; ATLAS-
lounched AGENA will be used for rendezvous missions; 15 spacecraft
will be produced, STATUS: Development; 12 flights planned; will be
used to determine feasibility of rendezvous for lunar mission and long~
duration manned flight; first unmanned flight, April, 1964, successful;
second unmonned orbital flight, January, 1965, successful; first manned
flight successful March 23; second flight successful, June 3-7, 1965,
including first extravehicular activity; eight-day GEMINI 5 flight,
Aug. 21-29; successful; GT~7 flight, launched Dec. 4, set world record
for manned spaceflight duration (14 days); GT-6 launched Dec. 15
after two previous attempts scrubbed; first space rendezvous achieved
Dec. 15 during 14~day (EEMlNI 7 flight when GEMINI 6 on one-day
mission came within one foot of sister craft; five more flights planned
in 1966; AF porticipating in program, and will medify GEMINI
capsule for MOL.

3/11/66




GEOS (NASA)

Applied Physics Laboratory, prime, DESCRIPTION: 350-lb, geodetic
sotelrite (similar to ANNA) to carry flashing-light beacons, elecironic
beacons and optical and radar reflectors; launch vehicle, IMPROVED
DELTA; 700-900-mi. orbit ot a 59-degree inclination. STATUS: First
flight launched successfully Nov. 6, 1965; PAGEQS passive satellite
developed by Langley Research Center will also be launched first half
of 1966.

HYPERSONIC RESEARCH VEHICLE (AF, NASA)

No contracrors announced. DESCRIPTION: Manned hypersonic
spacecraft capable of Edrth=~fo-orbit-and-return; turbofan, Mach 0-3;
ramjet, Mach 3-8 or 10 {oxygen collected and liquefied during this
cycle); Mach 8-10 orbital speeds, LH,-LOX rocket, STATUS: Joint
NASA-AF research program approved? NASA funding $5 million in FY
'66; AF has odvanced technology program in six pertinent areas {mostly
engine developments) in FY '65, GE, Pratt & Whitney and Marquardt -
selected for conceptual and preliminary design of o research engine;
engine flight test planned for eorly 1968.

ICBM ALARM (Formerly MIDAS) (Air Force Program 239A)

Lockheed, prime; Aerojet, IR detector system, DESCRIPTION: Eorly-
warning random-orbit satellite; detect 1CBM launchings by iR; two flights
conducted in 1963 detected solid and liquid missile launches; satellites
are launched piggy-back on various AF boosters. STATUS: Develop-
ment; no decision on deployment; reportedly competing with over-the~
horizon radar; Air Force is currently studying requirements for a new,
multi-function satellite, combining the functions of MIDAS and SAMOS,

INTERPLANETARY MONITORING PLATFORM (NASA)

Goddord Space Flight Center, prime; Martin Co. developing nuclear
power unit; B'FL/Univoc, guidance. DESCRIPTION: 131 to 181-lb.
satellite launched into cislunor-space orbit with an apogee of more
than 100,000 mi.; will measure radiation and solar flare hazards in
advance of Project APOLLO; launched by DELTA ond THRUST-
AUGMENTED DELTA boosters from AMR. STATUS: 1MP-1 launched
in December, 1963; IMP-1l launched Oct. 3, 1965; five more satellites
are planned, two to be placed in luner orbit; later flights will use a
nuclear power unit as replacement for solar cells; designation, IMP~1
is EXPLORER XVIi; IMP-11 is EXPLORER XXI.

151S (Canada, U.S.)

Canadian Defense Research Board, satellite; NASA, launch vehicle.
DESCRIPTION: Three-satellite follow-on program to ALOUETTE to con-
tinue ionospheric studies. STATUS: Design of I5IS A began in 1964 with
launch planned in 1967; B and C to be lounched in 1948, 1969; launch
vehicle, THOR-AGENA, -

LES (Air Force)

M. 1. T. Lincoln Ldaboratory, prime; consulting support, TRW Systems
Group. DESCRIPTION: a series of Lincoin Experimental Sarellires
carried as TITAN 1H-A and 111-C "bonus" payloads to test military com-
sat devices ond techniques. STATUS: First launch Feb. 11 fuiled; sec~
ond, May 6, achieved orbit; LES-3 and 4 launched Dec. 21 are operating
but in wrang orbit because of TITAN Control failure.

LUNAR LOGISTICS SYSTEM (NASA)

Studies have been conducted by Grumman, TRW Systems Group and
Northrop. DESCRIPTION: Spacecraft to carry support payloads to the
Moon, Two designs under study~LEM truck with 7,000-lb. payload and
logistics spacecraft with 25,000 to 30,000k, payload; booster, SATURN
V. STATUS: Program definition of the LEM trucl planned in FY '67;
program would cost about $1 billion; first step will be to extend lunar
stay-time up to two weeks. ‘

LUNAR ORBITER PHOTO CRAFT (NASA) .

Boeing, prime; RCA, power and communications; Eastman Kodak,
cameras; Marquardt, maneuvering engine., DESCRIPTION: 800-lb,
spacecraft launched by ATLAS-AGENA will orbit Moon, toking pictures
of lunar surface; radioactive and geodetic measurements will also be
token. STATUS: Five flights scheduled beginning in mid~1966.

MANNED ORBITING LABORATORY (Air Force)

Douglas Aireraft Co., prime; GE, on-board experiments; Aerospace
Corp., technical management. DESCRIPTION: Two-man spacecraft to
establish military usefulness of man in space; booster, TITAN 1H-=C; '
GEMINI-X capsulé atop 10-ft.~dia., 41-ft.~long canister lab; total =~
weight about 25,000 lbs., orbit below 350 mi.; flights of 30 days in ..
shirt-sleeve environment planned, STATUS: Six~launch program now

planned; 30-day missions; 60~90 day missions under study; $150 miflion

in FY '66 funding; unmanned GEMINI canister launch, late 1966 or’ ;
1967; manned GEMINI canister launch, 1968; rendezvous and ferry
capability possible; Honeywell and Collins Radio reported winners of
attitude control and communications subsystems. .

MARINER (NASA)

Jet Propulsion Laboratory, prime. DESCRIPTION: 570-Ib. unmai;'me&

spacecraft for early interplanetary missions to vicinity of Mars and

boosted by ATLAS-AGENA, STATUS: First scheduled Venus fly=by
August, 1962, unsuccessful ofter booster failure; second passed with
21,594 mi. of Venus, Dec. 14; two Mars fly-by spacecroft tauriche
November, 1964; first on Nov. 5 failed due to shroud malfunctio
MARINER 1V faunched Nov. 28, flew by Mars July 14, 1965, and
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mitted the first closeup photos of the planet; MARINER flight to Venus
in mid-1967, and two flights to Mars in 1969 are planned.

MILITARY COMMUNICATIONS SATELLITE (Prog. 369) (AF,DCA,Army)

Aerospace Corp., systems engineering & technical direction; Philco,
prime, DESCRIPTION: Multiple-launch, random, active repeater com-~
sat; 24 satellites launched in groups of 8 satellites in 18,300~n.mi. polar
orbits; weight about 100 lbs.; TITAN 11i-C booster, STATUS: Full-scale
development as an "interim" system which is to be in operation in 1966.
DCA has contracted industry studies on a fonger~lived Advanced Com-~
munication Satellite system; FY 1968 operational status planned; tactical
system also likely.

NATIONAL ORBITING SPACE STATION (NASA, AF)

Many studies awarded. DESCRIPTION: Manned space station with
orbital lifetime of one to five years for testing components and techniques
in the space environment; weight ranges under study vary from 15,000~
20,000 up to 200,000 Ibs. STATUS: Decision not expected for two to

* four years. MANNED ORBITING RESEARCH LABORATORY and LARGE

ORBITING RESEARCH LABORATORY being considered.

NIMBUS (NASA)

" Goddard Space Flight Center, prime; GE, integration and testing;
RCA, vidicon cameras, DESCRIPTION: 900-1,100-Ib. second~
generation weather satellite; Eorth-stabilized polar orbiting; TV cam-
eras and IR scanners in paylood; THRUST-AUGMENTED THOR-AGENA
B booster, STATUS: First launching successful Aug. 28, 1984; picture &
IR quality good in spite of satellite’s elliptical orbit; satellite quit frans=
mitting Sept. 23, 1965; second scheduled in 1966, third in 1967 and

‘fourth in 1968-69.

NUCLEAR DETECTION SATELLITES (Formerly Vela) (ARPA)

TRW Systems Group, prime; Los Alamos Scientific Lab/Aerospace
Corp., payload. DESCRIPTION: 20-sided, 485~Ib. satellite for detec~
tion of nuclear explosions in space; 50,000-mi. orbit; booster, ATLAS~
AGENA; launched in pairs. STATUS: First pair successfully launched
in October, 1963; second pair successfully launched July 17, 1964; three
pairs remain; next pair aboard TITAN 111-C next fali.

ORBITAL VEHICLE {AF)

Series of vehicles under OAR project to orbit small scientific experi=
ments at low cost; first two satellites, OV1-1and -3, both failed, first
due to separation mechanism in flight and second due to launch vehicle
explosion; first flight was first known attempt to launch satellite from an
ATLAS-ABRES vehicle on ballistic trajectory; OV2-1, developed by

.- Northrop, dlso fell victim to faulty Titan I1I~C Tronstage Oct. 15; OV2-3

also failed due to Dec. 21 TITAN 111-C Control malfunction; space
.General at work on OV3; OV=1 was successfully launched Oct. 5
aboerd an ATLAS-D.

ORBITING ASTRONOMICAL OBSERVATORY (NASA)

Grumman, prime; Westinghouse, ground station, components; GE,
stabilization und contrel; Kollsman, star frackers; IBM, data processor
and storage; Hughes and Avco, communications equipment. DESCRIP-

‘TION: 2,600-tb, orbiting ostronomical safellitg to study ultraviolet
j

specirum from approximately 1,200 & to 4,000 A; four major experiments
selected; one piggyback; booster, ATLAS-AGENA D, STATUS: Three
flights beginning in early 1966.

" ORBITING GEOPHYSICAL OBSERVATORY (NASA)

TRW Systems Group, prime; DESCRIPTION: 1,000-lb, satellite with
instruments for geophysical measurements; polar (POGO) and eccentric
(EGO) shots planned; con carry more thon 20 experiments; ATLAS-
AGENA, THRUST-AUGMENTED THOR, booster. STATUS: First launch
Sept. 4, 1964, partially successful; 16 of 20 experiments working;

QGO 1 {aunched Oct. 14, 1965 ceased operation Oct. 24, when
electrical cower failed.

" ORBITING SOLAR OBSERVATORY (NASA)

Ball Brothers, prime. DESCRIPTION: OSO |, 458-1b. orbiting solar
observatory; OSO I, 535-Ibs.; booster, DELTA; 516 early version; $-17
and $-57 advanced versions. STATUS: First flight March 7, 1962, highly
successful; second flight, Feb. 27, 1965, successful. Third safellite,
launched Aug. 25, failed to achieve orbit because of premature third-stage
ignition, six more flights planned, with next flight in first half of 1966.

PEGASUS (NASA)
Fairchild Hiller, prime. DESCRIPTION: 3,400-lb, meteoroid~

" detection satellite employing two 50 x 15 ft, extendable detector wings;

Earth orbit 300 to 800 mi.; booster, SATURN I, STATUS: Development;

-+ will measure size, energy and frequency of meteoroids to evaluate
- hazords of impact with monned spacecraft; first launch successful in

February; PEGASUS B, May 25, 1965, and PEGASUS C, July 30, 1965,
also successrul, No more lounches planned; formerly known as METEORIOD
DETECTION SATELLITE,

PIONEER (NASA)
TRW Systems Group, prime. DESCRIPTION: 130-lb. spin=stabilized
solar probe; AUGMENTED DELTA launch vehicle; cylindrical; covered

with 10,000 solar cells; four outrigger booms for stabilization; five ex-
" periments, 60 to 90-million-mi. communication caopability. STATUS:
- "Seven launches in program; first spacecroft launched successfully

Dec. 16, 1965; EXTENDED PIONEER under study.

missiles and rockets, January 10, 1966
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- SECOR (Army) °

~ space; SERT {H now under study,

PROJECT SCANNER (INASA)

Honeywell, fobrication and integration; Baird-Atomic, star-mapper
telescope; Santa Barbara Research Center,.dual rodiometers, DE-
SCRIPTION: Unmanned scientific satellite to measure notural radia-
tion gradients of Earth's horizon to determine utility of spacecraft
horizon sensors, STATUS: Flights to begin in 1966.

RADIO ASTRONOMY EXPLORER (NASA)

CGoddord, prime for first two spacecraft with industry to build remain~
ing four, DESCRIPTION: 270-lb. satellite which will have four 750-ft,
extendable antennos fo pinpoint radio emissions in space. STATUS: Hard~
ware funding approved in FY '65 & '66 budgets, with first launch by a
THRUST-AUGMENTED DELTA in 1947,

RANGER (NASA) ‘ :
JPL, prime; Hercules, retro~rocket; Northrop, support contractor;”
RCA, TV system, DESCRIPTION: Before impact, TV cameras toke pic~

tures of lunar surface: ATLAS-AGENA B booster, STATUS: RANGER VI

launched Jan. 30, 1964; TV system failed; RANGER VI launched July
28, 1964, and impacted Moon ofter transmitting 4,316 pictures; RANGER
Vil launched Feb. 17, 1965, impacted Moon Feb. 20, after transmitting
more than 7,000 pictures; RANGER IX launched March 21; struck Maon
March 24 ofter transmitting 5,814 photos; program now complete.

SAMOS (Air Force Program 720A) .
Lockheed, prime; photo intelligence equipment, Eastman Kodak;
capsules, GE; parachute and guidance recovery equipment, Avco and
Northrop Ventura, DESCRIPTION: Reconnaissance satellite; formerly
SENTRYF; R&D model weighs 4,100 ibs, with E-5 capsule (3,000 lbs,
with E-6); booster, ATLAS-AGENA; 100~300-mi. circular polor orbit,
STATUS: Operational; advanced SAMOS under development; a successor
system, capable of changing orbital plane and altitude on command,
is apparently being developed; this newer reconnaissance satellite would
have up to six recoverable data capsules or cossettes with lifting~body
characteristics, permitting data recovery without returning entire satel~
lite to Earth; could be launched by the TITAN {{i-B booster now under
development; FERRET version used for elecironic intelligence and commu~
nications eavesdropping, ) :

SATAR (Air Force)

General Dynamics, prime, DESCRIPTION: 300-lb. scientific sutéllite :

pod~mounted on side of ATLAS booster; length, 55 in,; diometer 27.in.;
200~lb. payload; orbits vary from 500 to 2,000 n, mi.; as re-entry ve~

hicle, gains speeds up to 30,000 fps; guidance, sirap~down system with

three orthogonally mounted gyros; unstabilized when in orbit. 'STATUS:
Development; seven vehicles being built under present contract; pods
of SATAR type have been flown on 44 missions. B R e

SATELLITE INSPECTOR (Air Force PROGRAM 706).
No contractors announced, - DESCRIPTION: S

tem consisting of a spacecraft capeble of co~orbit

cooperative sotellites, STATUS: Re-oriented fr

manned satellite using GEMINI; conceptual stu

Cubic Corp., grime, transponder and ground stations; 17T Labs, satel=
lite vehicle, - DESCRIPTION: 40-1b, geodetic satellite; rectilin
measuring 9 x 11 x 14 in.; can be carried piggybock on a var
boosters; frequency, 162324 mc for geodetic measurements; 54
for refraction studies. STATUS: Operational SECOR vehicles 1, 3,
4 and 5 now in orbit. launched in order of mention. SECOR 5,
Aug. 10, 1965, is the only non-rectilinear satellite in the series; beir
20~in. polished sphere; future SECORS will be rectilinear; exponded
program at altitudes of 1,800 mi. is being considered. =~

SERT (NASA) . . b
RCA, prime. DESCRIPTION: Spinning ballistic test
two electric-propulsion engines for environmental. tes!
flight July 20, 1964, from Wallops Island, Va., carried
bombardment engine and a Hughes contact ionization engine;
engine worked well while Hughes engine produced no thru
tlights cancelled since SERT | proved neutralization of ai

START (Air Force) ) b RN
Award in only one of an expected 10-14 areas has been announced~
Martin Co, for work on a vehicle related to the in-house SLY~5; Aero=

space Corp., general systems engineering and technical direction, DE-
SCRIPTION: K4 o ;

TION: A four-part experimental program, beginning with ASSE]

to explore the materials, structures, flight regimes and other areas relared
to glide atmospheric entry. STATUS: Follow-on phases include PRIME, .

PILOT, and a high L/D ratio vehicle.

ABLESTAR (Air Force)

- phone, guidance,. :DESCRIPTION:
55 in, dia.; radio’ command guidance; propellants, UDMH/IRFNA; restart

. 2,500-lb. spacecraft are also planned; booster, ATLAS-CENTAUR;

SNAP nuclear generator optional. STATUS: First Moon flights
May, 1966; seven engineering and three operational spacecraft
planned.

SYNCOM (NASA)

Hughes, prime. DESCRIPTION: 24-hr.-orbit instantaneous narrow-
band, active-repeater communications satellite; 28 in. in dia. and weighs
about 63 lbs.; booster, DELTA; capable of accommodating one full duplex
radio telephone channel. STATUS: First launch failed, Feb. 14, 1963;
satellite believed to be in orbit but contact lost; SYNCOM i1 launched
July 26, 1963, completely successful; third launch Aug. 19, 1964, success-
ful; satellite positioned in stationary orbit over Pacific; DOD has taken
over satellites for military traffic.

SMS (Synchronous Meteorological Sateliite) (NASA)

Republic, RCA Astro~Electronics, Hughes, study contracts. DESCRIP-
TION: 24-hr, weather satellite, Earth—stabilized; TV cameras with
variable focus; may use SNAP-50 for power; booster may be ATLAS-
AGENA or -CENTAUR, STATUS: Studies to continue; development

" funds not included in FY 66 budget; ATS and TIROS expected to pro-

vide major inputs to the progrom.

TIROS (NASA, Weather Bureau)
RCA, prime, DESCRIPTION: 285-lb. meteorological satellite; TV
qjch)res of cloud cover; IR sensors to gather heat balance dato; one
{ROS to be tested for effectiveness in highly elliptical orbit (300-
3,000 mi.). STATUS: R&D; 10 satellites launched; all successful; four
more launches planned with TIROS wheel configuration (Earth-stabilized)
to serve as an interim National Operational System.

TRANSIT (NAVY)
Applied Physics Laboratory, prime; Martin, SNAP device; Westing~

- house, shigboard satellite signol receivers, DESCRIPTION: Navigational

satellite; R&D model over 250 1bs.; operational, 50 to 100 lbs.; opera-
tional system; four satellites in random, near~circular 600-mi. orbits;
SNAP nuclear generator; ABLESTAR, SCOUT boosters, STATUS: Four-
satel lite system operational since July, 1964; system established for use
by POLARIS subs and surface ships; two nuclear-powered (SNAP-9A)
satellites launched in 1963; NASA studying commercial system.

“TRS (Air Force)

TRW Systems Group, prime. DESCRIPTION: 3-lb. scientific satel-

s Iiifg ‘to.measure radiation; four-sided, measuring 9 in. on a side. STATUS:
. Operational; first taunched piggyback on DOD payload Oct. 17, 1963.

| VOYAGER (NASA) ;

Either Boeing, GE, or TRW Systems Group will be selected for space~

croft program- definition in about a'year, . DESCRIPTION: Unmanned

000~11,000-1b. MARINER follow-on spacecroft bus/lander to orbit

Aors-and eject o capsule to the surface. STATUS: Development ex-

pected to begin in late 1966 or early 1967; lander design to be studied
1967; program definition funded in FY '66; first launch delayed until
cecraft to be launched by SATURN V, and will be used to
“planets through 1970%. :

NASA, AF, NAVY) ) TR
th American, prime; Thiokol, propulsion; Sperry Gyroscope, in-
1l flight dato’system; Honeywell, ‘adaptive flight confrol electronics.
DESCRIPTION: Manned rocket plane capable of 4,000-mph-plus flight
of space; single rocket engine develops 57,000 lbs, thrust.
Powered flights in progress; unofficial records set—altitude
0 ft. and speed 4,104 mph; hypersonic propulsion research program
through 1968; more than 100 flights have been made; ramjet
ghts scheduled for 1968,

space vehicles

*_Space~General, prime; Aerojet, ;rggg lféongpi;;gﬁ ;gG:n;rgif{ Biln;ele -
’ 0, ;7. . ;

‘capability, STATUS: Used in TRANSIT and other military programs;
THORbooster, = 0

SURVEILLANCE CALIBRATION (Navy) : ¥ o SR
NRL designed and developed satef(ifes for calibrating ground~based
systems; 12 satellites launched to date; Lotest Aug. 13; five satellites

launched aboard single THOR ABLESTAR to chg;k‘ performance of Navy i

space surveillance system.

SURVEYOR (NASA) ‘ o
Hughes, prime; Martin, SNAP device. DESCRIPTION: 2,150-Ib.
spacecraft for soft-landing 100~300 Ibs. of instruments on Moan; nine
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. ATLAS-AGENA D (Air Force)

General Dynomics/Convair (ATLAS); Lockheed (AGENA); TRW
Systems Group, AGENA B; Honeywell, inertial reference. DﬁSCRIP—
TION: 275,000-Ib. booster; payload capability, 5,000 lbs., in 345-
mi. orbit, 750°1bs. to escape; length, 102 ft.; base diameter, 10 ft.;
liquid propulsion; modified ATLAS D with 360,000~Ib. thrust; AGENAB
with 15,0&;’4}3. thrust; restart capability, STATUS: Operational; used
in RANGER, DISCOVERER, MILITARY COMSAT, MARINER, LUNAR

“ORBITER, OAO, SAMOS and other programs. ATLAS Standard Launch
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-low Earth orbit; SA~6 May

Vehicle developed for AF space programs; ATLAS launches from WTR
being used in conjunction with ATHENA launches at Green River, Utch,
in an effort to develop scaling laws for re-eniry bodies (Advanced Ballis-
tic Re-eniry Systems program).

sion four-stage satellite launcher; 72 ft. fong; 3.3 ft. dia.; 240-1b. pay-
load in 345-mi. orbit; 80 Ibs. to escape. STATUS: Operational; used by
NASA for EXPLORER and other small payloads; also procured by NASA
for Air Force as BLUE SCOUT.

AGENA D (Air Force)

Lockheed, prime; Honeywell, guidance; Bell, propulsion. DESCRIP-
TION: 1,700~lb. upper stage; 25 ft. long; 5 ft. dia.; all-inertial guid-
ance; propellants, UDMH/IRFNA; multiple re-start capability; ATLAS,
THOR and AUGMENTED THOR boosters. . STATUS: Used in DISCOVERER,
SAMOS and other military programs as well as a variety of NASA pro-
grams; e.g., MARINER, RANGER, OAO and OGO.

CENTAUR (NASA)

Lewis, program management; General Dynamics/Convair, prime;
Pratt & Whitney, propulsion; Honeywell, guidance. DESCRIPTION:
High-energy upper stage using a pair of RL-10 LOX /iiquid hydrogen
engines; 30,000 Ibs. total thrust; 30 ft. long; 10 ft, dia.; ATLAS D
booster; capable of orbiting 8,500 Ibs.; 2,300 lbs. to escape; 1,300
Ibs, on planetary flights, STATUS: Development; first flight failed;
second launch Nov. 27, 1963, successful; third, June 20, 1964, partially
successful; fourth flight Dec. 11, 1964, successful; fifth flight Mar. 2
failed when ATLAS~-CENTAUR exploded on pad; CENTAUR 6, Aug. 11,
1965, successful; CENTAUR 8 flight scheduled for first quarter 1966 will
be first attempt to restart engine in orbit; first SURVEYOR flight also
scheduled for second quarter 1966.

DELTA (NASA)

Douglas, prime; Bell Telephone Labs, guidance; Rocketdyne /Aerojet/
Allegany Ballistics Laboratory, propulsion. DESCRIPTION: Successor to
THOR-ABLE; upper-stage guidance; three-stage vehicle; 800~Ib., poyload
chobilify in 100-mi. orbit; THRUST-AUGMENTED DELTA payload capa-
bility, 1,500~plus Ibs.in 100-mi. orbit; THOR missile comprises First stage.
STATUS: Launch vehicle for TIROS, EXPLORER, OSO, BIOS, ECHO;
TAD used for SYNCOM & PIONEER; 26 previously on order augmented
by AF order for 21 more for NASA; THRUST-AUGMENTED DELTA with
three solid motor strap~ons also being used.

LITTLE JOE [l (NASA)

General Dynamics/Convair, prime. DESCRIPTION: Solid-propelled
vehicle with 800,000-Ib. thrust; launch vehicles for APOLLO suborbital
flights. STATUS: Three launches: Aug. 28, 1963; May 13, 1964; Dec. 8,
1964, successful; May 19, 1965, launch unsuccessful; June 29, 1965
launch successful; last flight scheduled Jaruary, 1966.

POST~SATURN V LAUNCH VEHICLE (NASA)

Under study, DESCRIPTION: No firm concept but will be significant
improvement over SATURN V (20-30 million-lb,~thrust first-stage large
solid motors, and nucleor upper stage under consideration), STATUS:
Study to determine characteristics; operational target date post-1975,

ROVER (NASA, AEC)

Los Alamos Scientific Labs, ROVER prime; Aerojet, NERVA prime;
Westinghouse, propulsion. DESCRIPTION: First nuclear rocket; tests
of Kiwi, prototype of NERVA engine, under way, STATUS: Kiwi tests
completed this yeor; NERVA tests highly successful; full systems tests
of engine now set for fall, 1965—~12 months ahead of schedule; develop~
ment of Phoebus reactor initiated; no flight test program funded at present.

SATURN | (NASA)

Systems engineering, assembly and guidance, Marshall Center; S-1
stage, Chrysler Corp.; $-1V, Douglas., DESCRIPTION: Two-stage vehicle
for early boilerplate tests of APOLLO and PEGASUS; first stage: eight
Rocketdyne H-1 engines; second stage: six Pratt & Whitney RL~10-~A3
engines; 22,500 Ibs. into 345-mi. orbit. STATUS: Four flight tests of
first stage successful; all flights with inert upper stage; first flight with
five upper stage successfully launched Jan, 27, putting 37,700 Ibs. in

58, 1964 and SA~7 Sept. 18, 1964, also suc~
cessful; SA-9 on Feb. 16 put PEGASUS satellite into orbit; SA~8, May
25, and SA-10, July 30, 1965, also succéssful, completing R&D program.

SATURN 1B (NASA)

Systems engineering, assembly and guidance, Marshall Center; S-1
stage, Chrysler; S~IVB stage, Douglas. DESCRIPTION: S-1, eight H-1
engines; S~tVB, one J-2 engine; payload capability, 35,000 Ibs. in 105~
mi. orbit. STATUS: Development; first flight in January or February,
1966; boost APOLLO spacecraft boilerplate models, including funar
landing vehicle; first manned flight in APOLLO progrem set for October,
1966; advanced version able to orbit 30 tons under consideration.

SATURN V (NASA)
Systems engineering, ossembly and guidance, Marshall Space Flight

Center; S~IC stage, Boeing; S-H, North American; S-IVB, Douglas;
F-1 engine, North American; J-2, North American. DESCRIPTION:
S-IC, five F-1 engines; S-11, five J-2 engines; S-IVB, J-2 engine; 140~
ton payload in 105-mi, orbit; 95,000 Ibs, to escape velocity; 30 tons for
Elanefary missions, STATUS: R&D; first flight scheduled for 1967; prime

coster for APOLLO missions; will be used to boost orbiting space station.

SCOUT (NASA)
LTV Aerospace Corp., prime; Honeywell, guidance; Aerojet/Thiokol/
Allegany Ballistic Laboratory, propulsion. DESCRIPTION: Solid propul-
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THOR-ABLESTAR (Air Force)

Douglas, prime; Bell Telephone Labs/Univac, guidance; Rocketdyne,
first-stage propulsion; Space-General, second; DESCRIPTION: Two-stage
vehicle with 181,900 Ibs, total thrust; performance, 900 lbs, in 100-n,~
mi. orbit; length, 55.9 ft., diameter, 8 ft., weight, 118,200 Ibs., height,
79 ft.; guidance, radio command; STATUS: Operational; used in
TRANSIT, GEOS and other military programs.

THOR-AGENA D (Air Force and NASA)

No prime; Douglas, THOR frame; Lockheed, AGENA D; Rocketdyne,
propulsion. DESCRIPTION: Liquid-propulsion vehicle to put 1,600-lb.
payload in 300-mi. orbit; length, 76 ft.; diameter, 8 ft.; launch weight,
123,000 ibs,; 172,000 ibs. thrust; THOR, redio guidance, AGENA, all-
inertiol. STATUS: Operational; used in AF space program, TELSTAR,
Topside Sounder and other NASA programs; NASA has 11 faunches
scheduled.

THRUST-AUGMENTED DELTA (NASA)

Douglas, prime; Thiokol, solid propulsion. DESCRIPTION: DELTA
launch vehicle with three sirap-onsolids; performance, 1,000 lbs. to
Earth orbit; 150 lbs, to escape; propulsion, three XM-33 solid motors
producing 55,000 lbs, thrust each, STATUS: Development; to be used
for BIOSATELLITE, PIONEER, SYNCOM, TIROS, COMSAT programs;
initial flight Aug. 19, 1964, successful.

THRUST-AUGMENTED THOR (Air Force/NASA)

No prime; Rocketdyne and Thiokol, propulsion. DESCRIPTION:
THOR-AGENA with 3 strap-on solids; THOR liquid propulsion, 172,000
Ibs. of thrust; each strap-on, 55,000 Ibs. thrust; performance, 2,500 lbs,
in 100~n.mi. orbit. STXTUS: Operational; used for NIMBUS, POGO
and other payloads too heavy for THOR, but not heavy enough for ATLAS,

TITAN 11 (GLV) (NASA)

Aerospace Corp., systems engineering & technical direction; Martin,
prime. DESCRIPTION: Manned space booster; Essentially TITAN (I with
addition of redundant electrical power and flight control systems, mal-
function detection system and radio command guidance. STATUS: De-
velopment; GT~2 {(unmanned version) launched Jan. 19; GT-3 successful
on March 23; GT-4, June 3, and GT-5, Aug. 21, also successful, as were
GT-7 Dec. 4 and GT-6 Dec. 15.

TITAN (i1 (Air Force Program 624A)

Aerospace Corp., systems engineering & technical direction; Martin,
systems integration; United Technology, large solid boosters; Martin,
TITAN 11 portion; Aerojet-General, liquid engines (Transtage); Martin,
standardized upper stage; AC Spark Plug, guidance, DESCRIPTION:
Quick-reaction vehicle for military space missions; will be used to
boost MOL/GEMINI-X; Zero stage, two 120-in. solid motors; first and
second stages, TITAN 1l (storcble propellents); third-stage is liquid
Transtage; modified TITAN Il guidance; payload, 25,000 Ibs. in 100-n.mi.
orbit, 2,100 lbs. to 22,300-mi. orbit; 5,000 lbs. to escape; STATUS:
Development; first flight Sept. 1, 1964 (T-111A) achieved primary and
secondary objectives, but failed to achieve orbit; second flight (T-11A)
successful Dec. 10, 1964; first full TITAN [I-C flight successful June 18,
1965; second flight Oct. 15, successful Jaunch followed by partial
Transtage failure; third launch Dec. 21 also had partial control foil -
ure; eight remaining 111-C R&D flights; next three for IDSCP; develop-
ment stretchout moves operational date to June, 1967; a non-man-rated
version—TITAN H1-B—~being studied as more cost-effective hooster for
satellite launches; uses first two TITAN 111-A stages and an AGENA
upper stage; first launch, mid-1966; 24 vehicles planned os initial buy;
7-segment version of 111-C expected to boost MOL.

ADVANCED SURFACE MISSILE SYSTEM (Navy)

Raytheon, Boeing, Sperry Rand, General Electric, Westinghouse, RCA
& Hughes, pre~program definition contracts. DESCRIPTION: Fleet air~
defense weapon for the 1970 time period; to have capability against air-
craft and certain types of air~to-surface missiles; will replace the 3-T
systems currently in the fleet. STATUS: Pre-program definition; further
definition contracts expected before any development decision; common-
ality with Army's SAM-D has been studied; and Navy to participate
in SAM-D development.
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ALFA (RUR-4) (Navy)

Navy, prime; Avco, frame; Naval Propellant Plant, propulsion. DE-
SCRIPTION: ASW, surface-to-underwater; weight, 500 ibs.; solid pro~
pulsion; H.E, depth charge; range, 1,000 yds.; guidance, free~flight.
STATUS: Operational; depioyed on destroyers and cruisers; being re~
placed by ASROC,

ANTI-SATELLITE WEAPON (Army/Air Force)

Boeing, AF program; Hughes, terminal guidance (IR), AF program;
Douglas, THOR and ZEUS vehicles and support services; A. D, Little,
operations analysis. DESCRIPTION: Consists of both NIKE-ZEUS
and THOR-AGENA w/terminal stage programs; intercepts have been
accomplished at "hundreds of miles," according to Secretary McNamara.
STATUS: Operational, according to DOD.

ARM | (Navy)

No contractor announced. DESCRIPTION: Longer-range, smaller
anti~radiation missile than SHRIKE for armament of F-111B and A-7A
aircraft. STATUS: Advonced component development; decision on con-
tract definition expected next year.

ASROC (RUR=5A) (Navy)

Honeywell, prime; Sangemo Eleciric, sonar; GE, torpedo; Librascope-
General Precision, fire control. DESCRIPTION: ASW, surface-to-
underwater; weight, 1,000 lbs,; solid propulsion; warhead, nuclear or
conventional torpedo; range between 1,800 yds. and 8 mi.; guidance,
unguided. STATUS: Operationel on DE, DD, DLG, & heavy cruisers;
one "live" weapon fired in 1962 Pacific nucleor tests; extended-range
version in pre-program definition phase; version odaptable to TERRIER
launchers being developed; FY 1966 procurement to complete Navy's
stock needs.

BOMARC B (AIM-~10B) (Air Force)

Boeing, prime; General Precision Aerospace/Westinghouse/I1BM,
guidance; Thioko!/Marquardt, propulsion. DESCRIPTION: Surface-
to-air; weight, 16,000 Ibs.; solid booster /ramjer propulsion; warhead,
nuclear; range, more than 400.n.mi.; guidance, command via SAGE;
speed, Mach 2,7, STATUS: Three bases operational; production com=
pleted; the 188 B models will be distributed among the eight bases after
the A model is phased out; all A missiles at five bases operational in
northeastern U.S. phased out by the end of FY 1965. ‘

BULLPUP (AGM-12 B & C) (Navy~Air Force)

Mertin, systems cognizance; Maxson Elecironics Co., production;
Thiokol, fiquid and solid propulsion; Naval Propellant Plant, solid pro-
puision (motor loading). DESCRIPTION: Air~to-surface, range, 3-6 mi.;
guidance (visual reference), radio-link command. BULLPUP A: Solid
propulsion; warhead, 250-Ib. H.E.\BULLPUP B&C: pre-packaged liquid
motor; warhead, 750-1b. H.E. STATUS: BULLPUP A deployed with
Atlantic and Pacific Fleets; operational with U.S. Air Force & NATO
units; training version (ATM~12) being procured by both services; being
produced in Europe for NATO. Planned procurement of BULLPUP B
cancelled in FY 1946,

CHAPARRAL (Army)
A surface-to-air adaptation of the Navy's air-to-air SIDEWINDER;
mounted on vehicles, in a 4- or 6-missile configuration. Philco's Aero~

nutronic Div. is prime; CHAPARRAL will be an interim, fair-weather-only,

solution to forward-area air defense; has been successfully fired; produc-
tion award expected soon. (See: SIDEWINDER.)

CLOSE-SUPPORT ASSAULT WEAPON (Navy)

Navy Bureau of Weapons and Johns Hopkins Applied Physics Lab,
prime; United Aircraft Norden Div., guidance, DESCRIPTION: Ship-
to-shore; outside dimensions compatible with TERRIER shipboard installa-
tions; solid propulsion; warhead, H.E.; range, 30 mi. minimum; guidance,
inertial and terminal. STATUS: Carried as a line item in FY '66 budget;
gyro packages for flight test delivered by Norden; funding dependent on

results of guidance system flight tests at WSMR aboard SERGEANT missiles

in July.

CONDOR (AGM-53) (Navy)

In-house project, Naval Ordnance Test Station; North American Avi-
ation, Columbus Div. ond Northrop Norair Div. completed PDP studies.
DESCRIPTION: Air-to-surface TV-guided, stand-off weapon; configura-
tion classified; range, 40 mi. STATUS: Development; intended for use
with Navy version of F~111 and on A-6 aircraft; decision on develop-
ment expected in next few months.

DAVY CROCKETT (M-388) (Army)

In-house project directed by Army Weapons Command at Rock Island,
1. DESCRIPTION: Surface-to-surface; solid propulsion, bazooka~
launched; warhead, sub-kiloton nuclear; guidance, free flight; two
launchers —vehicle-mounted or carried by two men, STATUS: Opera-
tional in Europe; $13 million provided in FY '64 budget; three per
ROAD battalion.

missiles and rockets, January 10, 1966

Section: IBM Management Summary

ENTAC (MGM-32A) (Army)

Nord Aviation, prime. DESCRIPTION: Anti-tank; weight, 37 lbs.
with launcher; solid propulsion; warhead, shaped-charge H.E.; range,
6,600 ft.; guidance, wire-guided; man-portable. STATUS: Operational;
procurement complete; will be replaced by TOW.

FALCON (AIM-4A, C, E, F/26A/47A) (Air Force)

Hughes, prime; Hughes, guidance; Thiokol , AIM-4/26 propulsion;
Lockheed Propulsion, AIM-47 propulsion. DESCRIPTION: Air-to-air;
weight (AIM=4/47), more than 100 lbs. — (AIM-26), more than 200
lbs.; range 5 n.mi.; supersonic; solid propulsion; warhead, H.E. (except
for AlM~268, which carries nuclear warhead); AIM-4A, and 4E, active
radar homing guidance; AIM~4C, and 4F, IR homing; AIM~26 model
hos nuclear warhead and hybrid IR radar haming. STATUS: Operational
buy-out of 4E, 4F and 26 in FY '62; AIM-47 is the armament for YF-12A
(A=11); several versions operational on F-101, F=102 and F~106.

GENIE (AIR-2A) (Air Force)

Douglas, prime; Aerojet-General, propulsion. DESCRIPTION: Air-
to-air; weight 800 Ibs.; unguided; solid propulsion; warhead, nuclear;
range, 6 n.mi.; guidance, free flight; supersonic; proximity fuzing.
STATUS: Procurement complete; operational on F-1018 and F-~106;
improved version cancelled; launcher being developed by McDonnell
for adaptation to F~4 aircraft,

HAWK (MIM~23A) (Army)

Raytheon, prime; Raytheon, guidance; Aerojet-General, propulsion.
DESCRIPTION: Surface-to-air; weight, 1,275 lbs,; solid propulsion;
warhead, H.E.; range, 22 mi.; guidance, semi~active radar homing; 100-
45,000-ft. ceiling; provides defense against medium and low-flying
aircraft and cruise-type missiles. STATUS: Operational, deployed in
Europe, Panama, Okinawa, South Vietnam, U.5. (13 battalions);
bought by Sweden and Israel; R&D being conducted to adapt selected
HAWK units to an anti-tactical ballistic missile; NATO producing;
Japan also plans buy; $34 million requested for equipment and $8
million for spares in FY '66; no further procurement in FY '66; $11
million improvement program aimed of limited anti-missile capability;
self-propelled version also under development; large-scale buy by Saudi
Arabia; sales to other Arab nations expected.

HIBEX (ARPA/Army)

Boeing, prime; Hercules and Aerojet, propulsion. DESCRIPTION:
Experimental program in high-energy propellants; cone-shaped missile;
performance classified; solid propulsion. STATUS: Development; ac-
celerations of 800 to 1,000 g's goal; static test of motor successful
November, 1964; flight test program of 10 vehicles being conducted at
WSMR; third successful flight Oct. 28 was first from underground cell
at WSMR; Up-Stage program started to add second stage and increase
range.

HONEST JOHN (MGR-1A) (Army)

Douglas/Emerson Electric, prime; Hercules, propulsion. DESCRIP-
TION: Surface-to-surface; weight, 5,900 lbs,; single-stage solid pro-
pulsion; warhead, nuclear; range, 12 mi. (M-31), 20 mi. (M-50);
unguided, STATUS: Operational; M~50 being deployed in Europe;
to be replaced by LANCE; procurement complete.

HORNET (ZAGM~-64A) {Air Force)

(Formerly known as ATGAR). Concept based on North American
Aviation Columbus Div. unsolicited proposal, funded by AF. DESCRIP-
TION: Air-faunched, anti-tank weapon, electro-optical guidance.
STATUS: pre-development, AF procuring missiles for test at Eglin AFB;
Army interested in potential use on helicopters; HORNET also used as
demonstration vehicle for new-NAA TV-guidance system for MAVERICK
(AGM=~65A), a new tactical air-to-surface missile for which the AF has
asked for DOD approval.

HOUND DOG (AGM-28) (Air Force)

North American, prime; Autonetics, guidance; Pratt & Whitney,
propulsion. DESCRIPTION: Air~breathing air-to-surface standoff
missile; weight, 9,600 lbs.; turbojet propulsion; warhead, nuclear;
range, about 600 n.mi.; guidance, oll-inertial; ceiling in excess of
50,000 ft.; Mach 2+, STATUS: Operational; to be launched from
B-52G intercontinental bombers; procurement complete.

LANCE (XMGM-52A) (Army)

LTV Aerospace, prime; Systron-Donner, guidance, DESCRIPTION:
Highly mobile general-purpose missile; very light weight; pre-packaged
storable liquid propellant; warhead, nuclear and H.E.; range, 3-30 mi.;
guidance, Automet inertial, one missile per launcher. STATUS: Large-
scale development. Tenth flight test, Oct. 10, 1965, from operational
launcher; production decision depends on success of current flight tests;
eventually will replace HONEST JOHN and LACROSSE and perhaps
LITTLE JOHN; division support weapon; to use multi~system test
equipment; Navy also studying shipboard version,
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LITTLE JOHN (MGR-3A) (Army)

Emerson Electric, prime; Hercules Powder, propulsion. DESCRIP-
TION: Surface-to-surface; weight, 800 lbs.; solid propulsion; warhead,
nuclear; range, 10 mi.; unguided; suppfements medium and heavy artil-
lery in airborne divisions and air-transportable commands. STATUS:
Two battalions activated in 1961; each equipped with four launchers;
air- and helicopter-transportable; may be replaced by LANCE.

MACE (MGM-13A, CGM-13B) (Air Force)

Martin, prime; Goodyear/AC Spark Plug, guidance, Thiokol /Allison,
propulsion. DESCRIPTION: Air-breathing surface-to-surface; weight,
18,000 Ibs.; turbojet and solid propulsion; warhead, nuclear and H.E.;
range, over 650 n.mi. (Model A), over 1,200 n.mi. (Model B); guidance,
map-matching (A), inertial (B). STATUS: Five MACE-A and one
MACE-B squadrons (in hard sites) deployed in Europe; two MACE-~B
squadrons on Okinawa in hard sites.

MAW (Army)

McDonnell Aircraft Corp. and Army Missile Command, development
of competitive approaches to Medium Anti-Tank/Assault Weapon re-
quirement; Ford Instrument Co., gyro package for Army version. DE-
SCRIPTION: Surface-to-surface; solid propeliant; range, 500~1,500
yds.; shoulder-fired; McDonnell version wire-guided; Army version
two-degree-of-freedom, free rotor gyro. STATUS: Exploratory develop-
ment; competitive approaches have been fired against each otﬁer, using
a ZUNI test vehicle; the best system will be allowed to proceed into
full-scale development when evaluation is complete; MAC version com-
pleted test series with all 13 firings successful; AMC version fired success~
fully Oct. 20 using GP] guidance system.

MINUTEMAN (LGM-30) (Air Force)

TRW Systems Group, systems engineering and technical direction;
Boeing, major contractor; Autonetics, guidance, Thiokol, first-stage
propulsion; Aerojet, second~stage propulsion; Hercules, third-stage
propulsion; Avco, re~entry vehicle; GE, MARK 12 re-entry vehicle,
MINUTEMAN i1, DESCRIPTION: 2nd~generafion ICBM; weight, over
65,000 {bs.; solid propulsion; warhead, nuclear; 3 stages; range, 7,000
mi.; guidance, all-inertial, target selected in seconds; 32-sec, reaction
time. STATUS: MINUTEMAN (I fiight-test program (36 shots planned)
began Sept. 24, 1964; 800 MINUTEMAN [*s now operational; 1,000
missiles through FY '65; advanced version can be fired by airborne com-
mand posts; deployed in hardened and dispersed sifos; MINUTEMAN 1}
expected operational early in 1966; all MINUTEMAN [ missiles to be
replaced by MINUTEMAN Il in phased replacement program costing
$1 billion and beginning in 1966; some of the 1l's replace earlier models;
MMI1 has greater accuracy (nearly 8 times more) and range/payload
than | version; 14 successful MINUTEMAN 1l launches now completed,
with most recent launch Dec. 14, 1965; maneuverable re~entry vehicle
under development; several modifications beyond MMI| already made.

NIKE-HERCULES (MIM-14B) (Army)

Western Electric, prime; Western Electric, guidance; Hercules and
Thiokol , propulsion; Douglas, airframe. DESCRIPTION: Surface=-to~
air, anti~aircraft, tactical; weight, 10,000 fbs.; solid propulsion; war-
head, nuclear or M.E.; range, 75 mi.; guidance, command; Mach 3+;
ceiling in excess of 150,000 ft. STATUS: Over 80 batteries deployed
in U.S. being turned over to National Guord; over 10 N-H batteries
deployed overseas; Japan plans additional procurement; being equipped
with HIPAR, a high-power acquisition radar, and anti-tactical-ballistic-
missile capabilities. Re-location of some HERCULES batteries under
consideration by JCS.

NIKE-X/Zeus (XLIM-49A) (Army)

Western Electric, prime; Bell Telephone, guidance; Thiokol/Lock-
heed, propulsion; Douglas, airframe. DESCRIPTION: Anti-missils mis-
sile, 3~stage; weight, 22,800 lbs.; solid propulsion; warhead, nuclear;
range, 200-mi.; guidance, command; length, 48 ft.; diameter, 36 in.;
fin span, 10 ft. STATUS: Missile is now part of NIKE=X missile "mix";
development, except as part of X, has ended; no intercept *failure® in
more than a year of tests; $10 million requested for preliminary produc-
tion engineering in FY 1966; advanced version of ZEUS (DM15X2) now
under development reflects important breakthrough in long-range (400-mi.)
ICBM interception,

NIKE-X (Army)

Western Electric, prime; Bell Telephone, guidance; Thiokol, ZEUS
propulsion; Douglas, ZEUS airframe; Martin Marietta, SPRINT missile
prime; Hercules and Lockheed, SPRINT propulsion. DESCRIPTION:
Successor to ZEUS as an anti-ICBM system; uses a mix of ZEUS/
SPRINT missiles and multi-function array radar (MAR). STATUS: En-
gineering development; funded ar $400 million in FY '66 on acceler-
ated development schedule, but deployment still deferred; GE will
submit proposals on a hardened NIKE-X system. Tests to be conducted
late this year with MAR at WSMR, N.M., could provide basis for de-
ployment decision; deployment cost: $8-20 billion; key decision expected
late this year.

PERSHING (MGM-31A) (Army)

Martin, prime; Bendix, guidance; Sperry Farragut, fuzing and aiming;
Thiokol, propulsion. DESCRIPTION: Surface-to-surface; weight, 10,000
Ibs.; two~stage solid propuision; warhead, nuclear; range, approx. 400
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n.mi.; guidance, inertial; transported on FMC M474 tracked vehicles;
replaced REDSTONE. STATUS: Flight test program completed; troop
firings from Ft. Wingate, N.M., to White Sands being conducted; num-
ber of missile~loaded launchers per unit to be increased; West Germany
organizing two battalions; first U.S. PERSHING battalion deployed to
Germany in April, 1964.

PHOENIX (AIM-54) (Navy)

Hughes Aircraft Co., prime; Rocketdyne, propulsion. DESCRIPTION:
Air-to-air missile for use with the F-H(B fighter aircraft; each aircraft
will be able to carry six missiles. Missile control system designated
AN/AWG-9; and missile/bomb launcher is MAU-48A, STATUS: De-
delopment; first flight test planned in March, 1966; $71 million in
FY 66 funds.

POLARIS (UGM-27 A, B, C) (Navy)

Lockheed, prime; GE/MIT/Hug{\es/HoneywelI/Rayfheon, guidance
and fire control; Aerojet-General/Hercules, propulsion; Lockheed, re-
entry vehicle; Nortronics, checkout; Autonetics/Sperry, SINS; Westing-
house, launching equipment; Vitro, systems engineering coordination
and training; Systron-Donner, ignition programming. DESCRIPTION:
Underwater~ and surface-to-surface; weight, 30,000 Ibs.; solid propul -
sion; warhead, nuclear; range, 1,200 n.mi. (A~1), 1,500 n.mi. (A-2),
2,500 n.mi. (A-3); guidance, all-inertial. STATUS: 24 subs operational
each with 16 A-2 or A-3 missiles; all A-1's now retired; A-3, opera-
tional in August, 1964; going on subs 19-41; total of 41 POLARIS subs
authorized; deployed in Atlantic and Mediterranean; Pacific deployment
began in 1964; British to buy A-3 missiles from U.S. POSEIDON, follow~
on FBM, about to go into full-scale development; same contractors as
POLARIS except for propulsion; Hercules/Thiokol first stage; Hercules
second stage; same range as A-3 with double payload and accuracy;
50-~month development effort; may go aboard 19 subs; PenAids and war-
head can be field-changed.

QUAIL (ADM-20C) (Air Force)

McDonnell, prime; McDonnell, electronics, guidance; GE, propulsion;
TRW, Inc., ECM equipment. DESCRIPTION: ECM-~carrying decoy,
which simulates B-52 bomber, to enemy radar; turbojet powered; range,
250 mi.; guidance, gyroscopic autopilot. STATUS: Deployed at SAC
bases; carried by B-52; procurement completed FY '61; advanced version
with 400-mi. range has been flight tested.

REDEYE (XFIM-43B) (Army) )

GD/Pomona, prime; Atlantic Research, propulsion; MPB, Inc.,
seeker optics, DESCRIPTION: Surface-to-air; weight, 28 bs.; solid
propulsion; warhead conventional; guidance, IR-homing; length 48 in.;
diameter, 2.75 in. STATUS: Production; tests against helicopters and
jets at NOTS successful.

REGULUS | RGM-6) (Navy) )

LTV Aerospace Corp., prime; Sperry, guidance; Atlison, propulsion.
DESCRIPTION: Surface-to=-surface; weight, 14,000 Ibs,; turbojet and
solid propulsion; warhead, nuclear; range, 500 n.mi.; guidance,
inertial; speed, about 600 mph; ceiling, approx. 40,000 fr. STATUS:
Five REGULUS subs with 17 missiles are operational now; 3 subs (8
missiles) phased out in FY '65.

SAM-D (Formerly AADS-70) {(Army)

Hughes/Douglas/FMC, RCA/Beech, competitive component develop-
ment contracts, DESCRIPTION: Field army aircraft/missile defense
system, mobile. STATUS: DOD approved Army go~ahead for CDP;

RFP's for CDP expected early January; Engineering development expected
in FY '67; missile will replace both HAWK and NIKE- HERCULES; pro-
duction could cost more than $2 billion.

SERGEANT (MGM-29A) (Army)

Sperry Utah, prime; Sperry, guidance; Thioko!l, propulsion. DE-
SCRIPTION: Surface-to-surface; weight, 10,000 Igs.; solid propulsion;
warhead, nuciear; range, over 75 n.mi.; guidance, inertial; uses drag
brakes, STATUS: Operational procurement complete; deployed in
Europe; replacement for CORPORAL; West Germany buying system.
$1.9 million requested in FY 1966 for warhead adaptation kits.*

SHILLELAGH (MGM-~51A) (Army)

Philco Aeronutronic, prime, Picatinny Arsenal/Amoco Chemicals Corp.,
propulsion; Aeronutronic, guidance. DESCRIPTION: Surface-to-surface;
lightweight; solid propulsion; warhead, nuclear or H.E.; guidance, com-
mand; vehicle-mounted for use against field fortifications, armor and
for close~in support of troops. STATUS: Production; initial procurement
in FY '65; second-source procurement may come in FY '66; to use multi~
system test equipment; to be installed on Gen. Sheridan assault vehicle;
also being considered for use on helicopters; Philco has contract to
adapt missile to Army®s M-60 tank.

SHRIKE (AGM=~45A) (Navy)

Naval Ordnance Test Station-China Lake, prime; Texas Instruments,
guidance and control; North American Rocketdyne (McGregor), propul-
sion. DESCRIPTION: Air-to-surface, anti~radar; solid propulsion;
guidance, passive radar homing. STATUS: Operational with Navy and
Air Force; some reliability problems; advanced version under
development.
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SIDEWINDER 1-C (AIM-9C&D) (Navy, Air Force)

Naval Ordnance Test Station, technical direction; Philco, IR guid-
ance, Motorola, radar guidance; Naval Ammunition Depot, McAllister,
motor loading; Rocketdyne (McGregor), propellant. DESCRIPTION:
Air-to-air; weight, about 185 Ibs.; solid propulsion; warhead, H.E.;
range, more than 2 mi. STATUS: 1-A deployed with Navy and Air
Force; 1-C version being procured as replacement for 1-A; NATO~
built version now in production. (See CHAPARRAL).

SPARROW 111-6B (AIM-7E) (Navy)

Raytheon, prime; Raytheon, airframe, control, guidance; Aerojet~
General/North American Rocketdyne (McGregor), propulsion;
McDonnell/Benrus Watch Co., launcher. DESCRIPTION: Air-to-air;
weight, 350 Ibs.; solid propulsion; warhead, conventional; range, 5-8
mi.; guidance, semi-active CW homing; Mach 2.5-3; ceiling, over
50,000 fr. STATUS: Earlier models operational with carrier aircraft;
SPARROW I1i~6B prime armament for Phantom 1l (F~4B) and other high-
performance interceptors; ltalians buying NATO version for use of new

 F=104S; sales to West Germans and other NATO F-104 consortium mem-

bers possible; Navy considering for air defense.

SPRINT (Army)

Martin-Orlando, prime; Hercules Powder/Lockheed Propulsion Co.,
propulsion; Bell Telephone Laboratories, guidance. DESCRIPTION:
High-acceleration cone-shaped maneuverable missile for low-altitude
interception of ballistic missiles; 4.5-ft. base diameter, 27 ft. long; two-
stage; nuclear; missile will be popped out of silo before motor is ignited;
to be part of the missile mix in a NIKE-X battery. STATUS: Develop-
ment; first flight in March, 1965, tested vehicle aerodyndmically; suc-
cessfully tested from silo Nov. 17 at WSMR; extensive guidance tests
underway; tests to move to Kwajalein in 12-18 months for use with NIKE-
ZEUS and full radar system.

SRAM (Air Force)

Boeing and Martin Marietta won CDP awards of $2.75 million each.
DESCRIPTION: Air-to-surface defense-suppression stand-off missile for
use with the B~52, B-58, F-111 or the Advanced Manned Strategic Air-
craft. STATUS: AF contracting feasibility tests for LASRM (Low-Altitude
Supersonic Research Missile), aiming at doubling SRAM's range; Congress
cut FY 66 budget request by $30.7 million; development decision not
expected until August, 1966.

STANDARDIZED MISSILE (Navy)

No contractors. DESCR!PTI&N: Fleet air~defense missile to re~
place TARTAR-TERRIER and give Navy a single missile to perform both
missions; longer-range targets §30(* miles) would be engaged by adding
a booster to the shorter-range {10+ miles) weapon; similar to the homing
TERRIER now being procured. STATUS: Development; expected to be
procured initially in 1967-68; intended to work with new TARTAR-D
digital fire control.

SUBROC (UUM-44A) (Navy)

Naval Ordnance Laboratory, technical direction; Goodyear, prime;
General Precision Aerospace, guidance; Thiokol, propulsion; General
Precision Librascope, fire control, DESCRIPTION: Underwater-air-
underwater anti-submarine missile depth bomb; solid propulsion; werhead,
nuclear; weight, 4,000 1bs,; length, 21 ft.; diometer, 21 in,; range,
25-30 mi.; guidonce, inertial, STATUS: Production scheduied for
installation in Thresher~class subs; operational evaluation under way.

$5-10 (MGM-~21A) {Army)

Nord Aviation, prime. DESCRIPTION: Surface-to-surface, primarily
anti-tank; weight, 33 tbs,; solid propulsion; warhead, conventional; range,
1,600 yards; wire-guided. STATUS: Operational with U.S., French and
other NATO and Western units; battle-tested in North Africa; U.S. re-
placing with ENTAC,

$S~11 (AGM-22B) (Army)

Nord Aviation, prime, DESCRIPTION: Surface-to-surface anti-tank,
also helicopter-to~surface; weight, 63 Ibs.; solid propulsion; wire-guided;
warhead, conventional; range, 3,800 yds. STATUS: Operational, used
with airborne units and Army helicopters; AS-12 being considered by
Navy for ASW aircraft.

TACTICAL PROBE (Navy)

Bendix, prime: DESCRIPTION: Surface-to-air; multiple, interchange-
able payloads for each mission; booster, TERRIER or TALOS from shipboard
installations; high-impulse second stage; range, 50-300 mi.; parachute
descent. STATUS: Program definition; a new study has been authorized,
and is under way, to evolve a cheaper program.

TALOS (RIM-8E) (Navy)

Bendix, prime; Vitro, systems engineering; McDonnell/Hercules Al-
legany Ballistics Lab., propulsion; Sperry, guidance; GE, launching gear.
DESCRIPTION: Ship-to-air; weight, 7,000 Ibs,; solid and ramjet pro-
pulsion; warhead, nuclear; range, 65 n.mi,; guidance, radar beam riding/
semi-active homing; Mach 2.5. STATUS: Operational aboard cruisers
Galveston, Little Rock & Oklahoma City and three Albany-class DEG's;
Long Beach, nuclear-powered cruiser, has advanced TALOS; "3-T" get-
well program increasing reliability; procurement continuing.

TARTAR (RIM-24B) (Navy)

Vitro, systems coordination engineering; Applied Physics Lab, design
and development; GD/Pomona, Aerojet-General, propulsion; Sperry
Farragut, fuze (target detection device). DESCRIPTION: Ship~to-air;
weight, 1,500 Ibs.; solid dual-thrust motor; warhead, conventional;
range, 10 n.mi.; guidance, semi-active homing; Mach 2. STATUS: Op-
erational; installed aboard 23 guided missile destroyers and three cruisers
equipped with TALOS; get-well program progressing satisfactorily; CVA
Kennedy will also have TARTAR.

TERRIER (RIM~2E) (Navy)

Vitro, systems engineering; GD/Pomona, prime; GD/Pomona, guidance
section; Sperry, rador; Hercules Allegany Ballistics Loboratory, propul -
sion; Northern Ordnance, launching gear. DESCRIPTION: Ship-to-air;
weight, 3,000 Ibs.; 27 ft. long; solid propulsion; warhead, conventional;
range 10 n.mi.; guidance, radar beam-riding or homing; Mach 2.5.
STATUS: Operational aboard two attack carriers, 6 cruisers, and 12
missile frigates; get-well program progressing satisfactorily; being used
in test firings against surplus REDSTONE missiles.

TITAN [l (LGM-25C) (Air Force)

Martin, prime; TRW Systems Group, systems engineering and technica
direction; AC Spark Plug, guidance; Aerojet-General, propulsion; GE,
re-entry vehicle. DESCRIPTION: ICBM; weight, 330,000 Ibs.; N204
and Aerozine~-50 storable fuels; warhead, nuclear; range, over 5,000 mi.;
guidance, inertial; 115 ft. long; 2 stages; greatest payload and range of
any U.S. ICBM, basic core vehicle for TITAN 11l booster. STATUS: All
54 missiles operational in 18-missile squadrons at Davis-Monthan AFB,
McConnell AFB, ond Little Rock AFB.

TMRBM {(Air Force)
No contractors announced, but probably would be same team producing
the second and third stages of MINUTEMAN 1I, DESCRIPTION: A trans-~

~ portuble mid-range missile to fill the gap left by cancellation of MMRBM;

it would use the top two stages of MM Il and the MM Il guidance system;
would weigh mare and be less mobile than MMRBM, but could be devel -
oped for approximately one~third the cost; reaction time also less than
MMRBM's; employment concept much the same as that of the Russian-
deployed missiles in Cuba in 1962, STATUS: Study by the Air Force at
DDR&E direction; not likely to be developed due to o fack of mission.

TOW (XMGM-71A) (Army)

Hughes, prime. DESCRIPTION: Anti-tank; weight, 160 lbs.; solid
propulsion; warhead, H.E.; wire-guided; optically tracked; tube-launched.
STATUS: Development; follow=on to ENTAC; successful firings have
been conducted; helicopter use planned.

WALLEYE (Navy) -

NOTS development; TV-guided glide bomb with good stand-off
range; Martin reported winner of production competition; large buy
expected; smatler version, called SNIPE, under NOTS development
for Army helicopters.

ZUNI (Navy)

Naval Ordnance Test Station, prime; Hunter-Douglas, propulsion.
DESCRIPTION:  air~to-surface; weight, 107 Ibs;; solid propulsion; war-
head, conventional; range, 5'n.mi.; unguided; STATUS: Operational;
designed for use on jet Fighter and attack aircraft; big increase in orders
because of Vietnam war.

ORDER REPRINTS OF THE ASTROLOG FROM:

Research Department

Missiles and Rockets
1001 Vermont Avenue, N.W,
Washington, D. C. 20005

Price: 35 cents per copy. Payment must accompany order.

missiles and rockets, January 10, 1966
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Secrecy Over MOL---A ‘Gentlemen’s

o MARVIN MILES

The United States, it appears, will
once again attempt to preserve the
fiction that this nation does not en-
gage in space reconnaissance and
has no special interest in satellite in-
spection or the possibilities of future
space combat.

Nervous secrecy already shrouds
the Air Force's Manned Orbiting La-
bhoratory (MOL) program announced
by President Johnson last August,
even to generalities of the public in-

formation policy that will go with it. -

Billed as a project to evaluate the
role of military man in space, MOL,
scheduled for orbit in 1968, gives the
Defense Department its first share

Maorvin Miles is aerospace editor

of The Times.

in the nation's manned space effort
after long and bitter controversy
within the government.

It represents belated agreement
that the United States can no longer
delay exploring the military values
of the vacuum above the atmosphere
lest the halance of power be tipped
suddenly hy Russia where all space
programs are militarily oriented. -

And on MOL's performance—and
that of its two-man crews—will ride
the space future of the Air Force.

Information Problem

Once a decision was-reached on
the $1.5 billion MOL program ($2 bil-
lion is more likely) the Défense De-
partment was confronted with the
problem of a public information poli-
cv. Ta what extent should. MOL be
publlcved"

Air Force. planners were in a
tough quandary.

On one hand, MOL will mvol\e
month-long overflights of every na-
tion nn earth with a wide range of
secret military. capabilities, includ-
ing space reconnaissance from- ad-
vanced photngraphv to electromag-
netic ferreting of alien radar instal-
Jations and eavesdropping on for

"~ eign communications channels.

Section 1.0

On the other hand. it will invnlve
men in space, an area of intense in-
terest to Americans who are thor-
oughly familiar with the extraordin-
ary public information job accom-
plished by the National Aeronautics
and Space Administration in report-
ing to the nation on such civilian
programs as Mercury, Gemini and
Apollo.

To the credit of Air Force plan-
ners—some of whom scoff at NASA
information efforts as "dog and pony
shows," an effort was made fo esta-
blish a sensihle public information
policy for MOL.

Basic Facts Unhidden
They reasoned that while military

projects demanding strict secrecy -

are involved, the basic facts of MOL
cannot he hidden from the Soviet
Union,. the American public or the
world at large.

Hence they recommended a policy
that would give the public a de-
served share of information on the
program — details that would he-
come known in any case—while
holding in understandable secrecy
the vital militarv operational and ex-
perimental areas that are the heart
of the program.

.But this reasonable approach was
rejected—bv the Defense Depart-
ment? the State Department? the
Joint Chiefs of Staff? the White
House?—and it appears MOL will be
shrouded with the same cloak of se-
crecy that has for years mantled our
Samos and Midas satellites.

These unmanned military orbiters
—Samos for space reconnaissance
and Midas for early warning of hos-

tile missile launches—were, in the ’

beginning, well publicized by the
Air Force. Newsmen were invited to
watch launches from Vandenberg
Air Force Base and provided with
information releases.

Then a national policy decision
screened the two programs with a
secrecy curtain. The satellites still
fly regularly, but they are identified
only as "classified payloads." Air
Force officers are forbidden to men-
tion the names Samos and Midas

and information once handed out so

freely is now classified.

(more)

greement’ to Avoid Arms Race?

Khrushchev's Boast

Not that the Russians don't know
about. the so-called spies in the sky.
Soviet leaders occasionally mention
Samos ‘and Midas and Nikita
Khrushchev once boasted of Russian
satellite operations over the United
States and offered to swap space
photographs with the United States.

In an article entitled "Pentagon
Grasps for Quter Space," the Soviet
newspaper Izvestia last vear had
this to say about Samos:

"Two years ago two types of bamos
reconnaissance satellites, one light
and one heavy, entered the ({].S)
arsenal. Their job is to conduct pho-
tographic and radiotechnical recon-
naissance.

"The light ones are launched to
take rough photographs, to provide
small-scale terrain pictures.

"The heavy satellites (up fto two
tons) are launched with hetter-
developed photngraphic equipment,

making possible the detection of va-
rious objects with linear drmensmm
of 16 to 20 meters,.

"Samos is also used for radio tech-
nical intelligence, taking fixes on
electromagnetic radiation of diverse
origin and intercepting information
traveling along radio communica-
tions lines.

"The Pentagon wants to know
where rocket launching sites and
strategic airports are located, where
ships and submarines are based and
where various objectives of military
significance have been built and also
to see what is going out on the air-
waves of a number of countries."

Two Possibilities

The Russians are no less conver-
sant with MOL and it potentialities
as a manned extension of America's
unmanned spies in the sky. Why,
then, the rigorous secrecy? Certainly
it is not based on the hope of keeping
the Soviet from learning of the
flights and assessing their signifi-
cance,
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This leaves two possibilities:

First, the United States hopes to
preserve the international image
that this nation is devoted entirely to
the peaceful uses of space and fears
that an investigation of space de-
fense potentiality might be misinter-
preted as an abrogation of this pos-
ture. )

Second—and more likely—is that
high government authority, perhaps
the State Department or even the
YWhite House, had determined, as in
the case of Samos and Midas, that
discretion calls for secrecy even if no
secret is involved.

The latter possibility iraplies a
"gentleman's agreement." Since
both the United States and Russia
have overflight capability, each
will be allowed to conduct its mis-
sions unmolested as long as each
abides by the international agree-
ment not to place weapons of mass
destruction in orbit.

The rationale as far as the United
States is concerned could he that it
has more to gain by overflight recon-
naissance, manned or unmanned,
than the Soviets and to publicize its
missions would place Russia in an
untenable position, forcing her into
reprisals to save face before the
world,

No Intercept Actions .

Those who bhelieve this explana-
tion of the curious situation point out
that with a constant streamn of Sa-

" moz and Midas satellites launched

by the United States and overflights
of this country by Russian satellites,
manned and unmanned, there have
heen no intercept actions by either
side.

They note alsn that the United
States for some time has had the ca-
pahility, with special Thor and Nike
X launch batteries, to knock down
alien satellites, if desired. They add
that Russia undoubtedly has ac-
quired the same defense technology
which is simpler than intercepting
incoming ballistic missile warheads.

Proponents of MOL say the space-
craft can scrve (o maintain peace by

_discovering any covert move toward

the massive huildup of arms and
thwart it hv returning proof for dis-
closure hiefore the world.
Opporienis fear MOI, may bring
an extensioa of the arms race by
spurring Ru=s:ia to attain cqual capa-
hilivy and lrad eventually to compe-
tition for maore effective manned mi-
litary orbiters that would fly as

Section 1.0

strike systems, loaded with nuclear
weapons.

The civilian space agency's Mer-
cury flights and more importantly
the two-man Gemini missions have
contributed much to the future of
military space operalions by de-
monstrating maneuverability, pro-
longed flight, space walking, orbital
rendezvous and, soon, docking aloft.

Military Experiments

And along with these major ac-
complishments, including proof that
man can live and function in orbit
for as long as two weeks, Gemini has
provided a test vehicle for a series of
announced military experiments
and probably some that have never
been disclosed.

MOL flights with a laboratory 41
feet long and 10 feet in diameter will
carry much more specialized equip-
ment than Gemini and thoroughly
test man's ability to extend the effi-
ciency of reconnaissance systems
with human decision and analysis
and real-time reports on changing si-
tuations.

But MOL represents more than an
advanced reconnaissance space-
craft. Undoubtedly it will be the
forerunner of future satellite inspec-
tion systems, of military command
posts in space and perhaps a step
toward the space combat vehicles
envisioned by many.

The Air Force will not discuss
such possibilities today, even in ge-
neral terms unrelated to MOL. Quite
obviously these areas are too sen-
sitive now that the USAF has a foot
in the manned space door with a
chance to expand its penetration.

But certainly satellite inspection,
for example, will be an area investi-
gated in the program, for the United
States must have the capability to
check out suspicious orbiters and de-
termine if they carry nuclear wea-
pons aboard.

Feasibility of Checkout

-

The Gemini 6 and 7 rendezvous .

last December proved the feasibility

~ of checkout. A military operation

could include nudging the target
craft to determine its mass as a clue
to the nature of its payload.

It could involve investigation by a
space-walking astronaut wearing a
self-contained maneuvering unit the
Air Force has developed for use
without a tether line. Or inspection

. could be accomplished remotely, in a

dangerous situation, by controlled

. devices guided outward from MOL.

S

Methods of neutralizing a menac-
ing satellite would vary, according
to assessment of the threat, but it
could involve no more than destroy-
ing its antennas to block off com-,
mand communications or blacking
out its sensors and fouling its
thrusters to disrupt attitude control.

And MOL could be the forerunner
of space combat vehicles, although
some deny such a possibility.

Others feel that the Gemini ren-
dezvous last December opened the
path for pursuit and interception by
opposing manned spacecraft.

"What happens, even in a cold
war situation," they ask, "when
manned spacecraft of rival nations
seek to check each other out? And
what happens if such encounters
take place in a hot war?"

Their contention is that space
combat techniques may stand unwit-
tingly today in almost the same evo-
Jutionary stage of development as
the first rickety little aircraft en-
counlers early in World War I be-
fore air fighting hecame an art.

It's food for thought,
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House Committee Urges AAP

Merger into MOL Program

by Heather M. David

THE HOUSE GOVERNMENT
Operations Committee has recom-
mended that NASA participate in the
Air Force’s Manned Orbiting Labora-
tory program rather than embark upon
a separate Apollo Applications Program
of its own.

A report prepared by the Subcom-
mittee on Military Operations, which
investigated missile and space ground-
support operations, and adopted by the
full committee, urged priority for the
military needs of the MOL—with satis-
faction of the objectives of the AAP
handled as a sideline of MOL.

The report stated that while AAP is
not yet an approved program, both Air
Force and NASA are nearing a point-
of-no-return where ‘“separate and
largely duplicating” programs cannot be
avoided.

“Inasmuch as both programs are
still research and development programs
without definitive operational missions,
there is reason to expect that with earn-
est effort both agencies could get to-
gether on a joint program incorporating
both unique and similar experiments of
each agency,” the committee stated.

It also noted that such a plan would
give each agency the necessary experi-
ence and information to plan larger
space stations, for which NASA at least
has stated a potential future need.

The committee, which Ilast year
made a widely circulated recommenda-
tion for immediate action on the MOL,
said that a merger between MOL and
AAP should be “effected within the
existing scale of priorities
accords to the military experiments
greater urgency.”

MOL ground support—The Dept.
of Defense was urged to make maxi-
mum use of existing DOD and NASA
facilities for the MOL rather than build
new ones.

However, while DOD has said that
no new development support resources
on the scale of NASA facilities will be
necessary because Douglas Aircraft Co.,
MOL prime contractor, has extensive
new facilities, the committee questioned
whether Douglas facilities can handle all
phases of MOL development support.

One of the items it questioned was
whether Douglas’s vacuum chambers
and simulators were large enough to
accommodate the projected size of the
MOL spacecraft. The group recom-
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which’

mended use of existing simulation and
test facilities, such as those at NASA’s
Manned Spacecraft Center and the Air
Force’s Arnold Engineering Develop-
ment Center, should this be necessary.

Tracking systems—NASA and
DOD passed up “big savings” by going
to different tracking systems, the com-
mittee said, since about $25 million
will be spent by NASA for the Unified
S-Band system, and $32 million by
DOD for the Space-to-Ground Link
Subsystem (SGLS).

The group urged a vigorous effort
towards standardization of existing or
future instrumentation equipment, but
acknowledged that the time is now past
when a choice could be made between
one or the other system.

It may be possible to use the USB
equipment on the converted instrument
ships for the ascent stage of MOL, and
this could obviate additional invest-
ments in instrumentation ships, the re-
port noted. However, the equipment
does not have the degree of compat-
ibility permitting its use for all on-orbit
MOL support if that could not be met
by current SCF stations, which will be
equipped with SGLS equipment.

It will nevertheless take a concen-
trated effort to avoid expansion of the
instrumentation fleet, the committee
observed. The problem both agencies
face is the conflict between two high-
priority programs, involving the need
to make compatible the deployment and
scheduling of the ships for both MOL
and the Apollo lunar-landing mission,
with launches from different coasts.

The committee also suggested that
DOD should make a decision as to
whether the ship pool should be manned
under the Navy Military Sea Trans-
portation Service (MSTS).

The Satellite Control Facility and
the Air Force National Range Division
should be linked more closely in the
interest of achieving a global network,
the report added.

Single management of instrumenta-

tion facilities was urged where possible, .

as were steps to halt the proliferation
of stations by different networks and
agencies in adjacent areas around the
world.

Apollo communications—The com-
mittee saw a strong need for reappraisal
in the management of negotiations for
communications services, such as those
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recently carried out between NASA
and the Communications Satellite Corp.

It pointed out that NASA will lay
out about $150 million or more for
Apollo communications over a three-
year period, including the underwriting
of most of the costs for a new satellite
communications system to be built by
Comsat, modifications of ship terminals
and conventional backup communica-
tions.

Some $27.79 million of this is in-
volved in the Comsat contract, but does
not include charges to be paid for the
use of the foreign ground stations,
which are expected to raise the total
price for the Government to about $40
million for three years.

DOD also may make use of this
system, and discussions are under way
between DOD and Comsat over use of
the channels to be available from the
satellite, which will be stationed over
the Pacific Ocean, the committee re-
vealed.

It is possible, therefore, that the
Government will be providing 75%
of Comsat’s annual revenues for some
period of time, a portion of which will
accrue to the international consortium
in accordance with the ownership
shares of the participating nations.

The committee indicated that a re-
view of all the negotiations which took
place between NASA, Comsat and
DOD turned up some apparent reser-
vations about the agreement among
officials who approved it.

To this end, the group reiterated its
recommendation made a year ago that
the Directorate of Telecommunications
be reorganized to give it power to ad-
judicate and make policy on such mat-
ters, assume the responsibility of the
Secretary of Defense for identifying and
evaluating Government user require-
ments for communications, and under-
take systematic planning so that these
requirements can be met in an orderly
and economical way.

While “notable” progress has been
made generally in achieving coordina-
tion among the agencies in ground-sup-
port activities, the committee said it ob-
served “disturbing trends” which could
defeat the progress made to date, espe-
cially in the creation of more complex
and specialized equipment and facilities,
which the agencies “show no great will-
ingness to resist.”

It urged strengthening of existing
coordination mechanisms such as the
Aeronautics and Astronautics Coordi-
nating Board and its Space Flight
Ground Environment Panel, active par-
ticipation by the National Aeronautics
and Space Council, and greater reliance
on-—and official recognition of—the
Range Commanders Council and its
sub-groups. |

missiles and rockets, March 21, 1966

4/1/66




ARMED FORCES MANAGEMENT
March, 1966

Spacecraft Mission Projects

The largest space mission project in
terms of total program cost is the
Manned Orbital Laboratory (MOL).
Last August, President Johnson decided
to proceed with its development at an
estimated cost of about $1.5 Bbillion.
“We intend that the MOL development
program should proceed on a deliberate
and orderly schedule,” Secretary Mc-
Namara said, “using the $150 million
provided for FY 1966 and the §$159
million requested for FY 1967.

“Design definition, system integra-
tion, development of specifications and
determination of firm cost proposals
are scheduled for completion during
this coming spring and summer, after
which contracts will be awarded for
the full-scale development of hard-
ware.” Finn Larsen added, “MOL is
now in an important definition stage.
We can expect the direction of our

advanced development to come from
( . current work.”
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Douglas Lists
Major MOL
Subsysiem
Contraciors

DOUGLAS ATRCRAFT CO.,prime
contractor for the Air Force's Maaned
Orbiting Laboratory, has annouaced
award of six major subsystem contiacts.

Hamilton-Standard Div. of Uaited
Aircraft has been chosen to develop the

environmental control and life-support |

system. .

Attitude control will be developed by
Honeywell, Inc., (M/R, Dec. 20, p. 9).

Collins Radio Co. won the competi-
tion for the communications subsystem
(M/R, Dec. 20, p. 9). TRW Systems,
Inc., will work with Collins as a sub-
contractor to supply some components
and aid in systems engineering.

United Aircraft will also share in
another subsystem development through
selection of the Pratt & Whitney Div.’s
fuel cell for MOL.

Douglas has also selected both the
Federal Systems Div. of IBM and the
Univac Div. of Sperry Rand for con-
tinued definition work on the MOL
data-management system. The firm: says

. the decision on a final single contractor

for the system will be made only after
this additional definition phase work is
completed.
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The winners were named March 30.
The effort to develop the environ-
mental-control and life-support system
is aimed at providing the MOL crews
with “shirtsleeve” living conditions dur-

ing extended missions of possitly 30 .

days duration. The system controls
cabin pressure, temperature, huraidity,
and composition of the artificial ::tmos-
phere. The system will also elirninate
atmosphere contaminants.

Douglas reports that work ia this
area will include a study on the choice
between oxygen-helium and oxygen-
nitrogen gas combinations for the labo-
ratory .atmosphere. Hamilton-Stindard
was chosen after earlier competition
with the AiResearch Div. of (arrett
Corp.

Honeywell was selected from: three
firms competing for the MOL'’s aititude-
control system.

Collins Radio’s efforts involve both
the radio voice links between the MOL
crew and ground s:ations and tle flow
of telemetry and other comman:i data.

Unsuccessful bidders on the fuel
cell, which will supply prime el:ctrical
power for all lab needs, were Allis-
Chalmers and Gencral Electric. ]
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" AFSC.Réport‘ Recommends

. Nonnrofit Firm Reforms

, . By BILL HICKMAN ,

WASHINGTON. — Air Force-supported nonprofit cor-
porations have survived another probe, but this one will
make a dent in fees and salaries. '

The long awaited AF Systems Command board of
visitors report — sometimes called the Johnson or O’Neill

ELECTRONIC NEW<SX MONDAY, APRIL 18, I%

report, for its -chairman and co-

chairman — was released Satur-
day. ' o

The board -— after praising
Aerospace Corp., Mitre Corp. and
Systems Development Corp. for
contributions to AF programs —
recommended the corporations not
be increased in size; fees be con-
trolled; salaries and benefits to em-
ployes watched and in some cases
changed; assets héld at-a minimum,
and the AF be the exclusive cus-
tomer. - E :

It also -charged Aerospace had
been too ‘ambitious and -not suf-

ficiently responsive to AF needs. A

blue ribbon panel to oversee the
corporations was recommended, but
AF Secretary Harold Brown re-
jected this. i

The corporation’s greatest fear—
that of being turned into in-house
AF laboratories — was not men-
tioned in the cases of Aerospace or
Mitre, or in the eomments by Sec-
retary Brown and Gen. . B. A
Schriever, commander of AF Sys-
tems Command, which accompany
the report. The question was left
open concerning Systems Develop-
ment.

Aerospace Corp. was held up as
the worst culprit. In addition to the
charge that the firm was over-
compensating its professional em-
ployes, the report said its drive for
complete independence from the
AF was a fundamental problem.

It charged the corporation with
ignoring the military chain of
command in dealing with_the AF.
Aerospace often goes directly to
the secretary, rather than to the
divisions and contracting officers,
the report said. :

Mitre Corp., consultant to AFSC

Electronies Systems Division, stood
high in the hoard’'s view and was
chided only for its “conservative”
approach. -

Systems’ Development, the lead-
ing  “soft wear” ‘(computer pro-
gramming) organization, is at the
point where it should become either
a Government installation or a pri-
vate, profit-making organization,
the board contended.

“Secretary Brown ordered@ AFSC

‘o “try out” the weighted guide-

line articles of the Armed Services
Procurement Regulstions “as a
general framework for fee nego-
tiations,” He concedéd the guide-
lines 'wauld reguire adjustments.
- In_amy ease, Dr. Brown said, a
“fee substantially lower; thean. at
presefit is in order.” .- e

General Schriever-said-the cor-

porations’ fixed assets, or facilities,.

should be owrted by them but con-
trolled by the AF. On this point

he diffefed with the board, which

had . recommended either. Govern-
ment ownership or an arrangement
for retention. : S

On the contfoversial point of in-

dependent corperation . research,

-General Schriever said 10 per cent.

of contract values should be han-
dled entirely by the corporations,
the Government footing the bill.

But the AF should have access
to all research results, he said.
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AIR FORCE

$7,568,000—Martin Marietta Corp., Denver, Colo.,
increment to an existing contract for design,
development, fabrication and delivery of a
Titan III space booster and associated equip-
ment,

$3,500,000—~Avco Corp., New York City, first
segment of a $63,585,300 contract for develop-
ment and production of Mark 17 re-entry
vehicles.

$3,200,900-——Lear Siegler, Inc., Santa Monica,
Cahf.,. for production of attitude reference and
bombing computer systems for use aboard the
F-4, Phantom II aircraft.

2,000,00Q——McDonneu Aircraft Corp., St. Louis,
Mo., increment to a previously awarded con-
tract for work on the Manned Orbiting Labora-
tory.

$1,249,845—1{&M Systems Co., Dallas, to provide
two _mobxle, air-transportable, closed-circuit-
television recording facilities for tactical use
by the Air Photographic and Charting Service.

SI,Z.OQ,QO(}—TRW, Inc,, Redondo Beach, Calif.,
initial increment to a $3,000,000 contract for
production of airborne tactical reconnaissance
equipment.

$540,000—Sperry Rand Corp., Gainesville, Fla.,
for microwave tubes.

$127,755—Clevite Corp., Cleveland, Ohio, for work
on a material used in rocket nozzles.
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iy Michael Getler

G TON—AIr Force and De-

Jepartment are preparing a fol-
~oduciion plan for additional
-C launch vehicles, according
A»um S. Foster, Jr., Director of
¢ Research and Emmeering.
r reports that the vehicles will
sed primarily to launch new mili-
tary cor nmunications satellites associ-
sted with the Advanced Defense Com-
munications Satellite Program
’“)(‘SP) and tactical communications
sateiiie programs,

Consideration is also being given,
repo:ts, to additional Titan 1I1-C
vehlcks for future replenishment
fzunchings of sateliites for the Initial
DLILDSC Communications Satellite Pro-
zram (IDSCP) beyond those already
olannied and for more flights of Nu-
clear Detection  Sate letes and new
muitple-engineering payloads.

r..r Force sources say current
studies of additional Titan III-C pro-
t are to be completed this fall
‘or incusion in the Fiscal Year
4% tudget request. Various procure-
men: plans are being studied, initially
involving three to eight new boosters,
accovding 10 Alr Force officers.

The number of boosters is tied to
DO aporoval of some of the follow-on
satellite programs, such as the tactical
comsat network (M/K, Jan. 31, p. 58),
znd the individual cost is linked to both
t ;unch and production rates. Officers
estimate cost of the individual Titan
lII-C’s at between $13 and $20 million
each, including launch costs.

The new launch vehicles will be in
iition to the remaining 10 Titan I11-C
R&I> boosters still in the Air Force
inventory and alrecady committed to
launch assignments. All of the Titan
I7]-C launchings wiil be from the East-
crn Test Range (ETR).

Foster mace his remarks before the
e Comumiitee on Aeronautical and
Space Sciences in a special hearing
cailed to investigate the Air Force’s
decision to build new launch facilities
for the Manned Orbiting Laboratory

Foster

(MOL) program at the Wesiern Test -

Range (WTR) rather than expand the
existing Tiran 1I1-C facilities at Cape
Kaﬂmdy to handle the larger seven-
segment version of Titan, which will
launch the MOL.

The hearings were called at the re-
quest of Sen. Spessard L. Holland (D-
Fla.), a member of the committee.

Critics quashed—In defending the
launch area decision against charges,
mosily from Florida-based interests,
of costly duplication of facilities (M/ R,
Jan. 17, p. 9; Feb. 21,’p. 9), of jug-

gling payload figures and orbital require-
ments, and of Air Force sku.duggery
in moving the MOL project behind the
much more secure confines of Vanden-
berg AFB complex, both Foster and
Dr. Robert C. Seamans, Jr., Deputy
NASA Administrator, strongly backed
the Air Force.

Foster stated flatly that “the pro-
gram requires that the wvehicle be
launched into a polar orbit,” that “land
overflight during the launch phase must
be avoided,” and that “the seven-seg-
ment Titan III-C cannot deliver the re-
quired payload weight from ETR using
a ‘dog leg’ trajectory.”

The dog leg, in this case, would be -

achieved by launching eastward from
the Cape and then turning the vehicle
south during ascent. This pattern, while
cutting the useful payload that could
be lofted into polar orbit with a direct
Iaunch due south from the Cape, avoids
an overflight of the heavily populated
southern Florida area.

However, even with the dog leg to
avoid the Florida coast, the MOL would
still pass over Cuba and Central
America during the pre-orbital stage.
DOD, the Air Force, and the State De-
partment say that the risk of losing a
highly classified payload and astronauts
over these areas is not worth taking.

The estimated MOL payload weight
is about 30,000 Ibs., and it is this weight
that the seven-segment version of Titan
is designed to lift from WTR into polar
orbit. Capability of the same booster
from ETR with the requirement for a
dog-leg maneuver is said to be about
27,000 lbs.

Support from Seamans—Dr. Sea-
mans told the commiittee that thie Saturn

MOL Flight Slips into ‘69

The first flight of an unman-
ned version of the Air Force’s
Manned  Orbiting  Laboratory
(MOL) has slipped its_schedule_
“into_early 1969, high-level Dept.”
of Defense sources told MISSILES
AND ROCKETS.

The first flight, one of seven .
now planned for MOL through
1970, was scheduled for the last
quarter of 1968 in recent DOD
plans. The first two flights in the
program will be unmanned, with
the following five flights all carry-
ing crews into polar orbit. Slip-
page of the lead-off flight is also
expected to push the first manned -
shot beyond the mid-1969 esti- -
mate recently stated by DOD.
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w Titan [1-C Procurement Plarned

IB booster, inclucir ; payload inc “eases
achieved througt -ehicle refin nents
in the past year, o Id deliver “z maxi-
mum of 28,000 |bs. for a pola: orbit
with a dog-leg m wneuver.” Se mans
said “that compszre. very closel: with
the Titar III sev:t segment solir .”
Seamans also se'd that “it dc :s not
appear that eith:xr the Titan (r the
Saturn IB could place the MOL p.-yload
into polar orbit f{rc n Cape Ken .edy.”
The NASA scient:st added that *“ JASA
headquarters hav: 1ot only sup orted
the MOL program and its impo. ance,
but we have also tu; ported the ne sessity
of the MOL’s lauac iing from W° R.”
Comparative costs of - the two
boosters revealed .t the hearin:s in-
dicated an_$18.2-n illion price 'ag on
each of the seven-tegmented Tivan 111
vehicles, including launch costs, based

- on production of sik per year. Se amans

said that Saturn L3, assuming 1 pro-
duction rate of six mer year, wou d cost
about $35 million «ach Both sc.entists

“pointed out differeaces in acce unting

procedures betwe:n agencies, and in the
case of the NAS.\ .igure, cost w s also
linked with produv:tion rates «n the
larger Saturn V e .icle.

The hearings :l¢o pinpointed ; resent
cost estimates for the MOL b :ilding
program. at WTl., which currer.ly in-
volves only a s.n le assemble- »n-pad
facility but whick e rentually will >roba-
bly be expanded into an in: :grate-
transfer-launch corrplex.

Cost of the WTR facility is :agged
at $114 mllhon in :luding roug! y._$80
mllhon for_grc grouac support equ pment
and at least $4 m il >n for acquis’ .ion of
the Sudden Ranch psroperty adja tent to
the Vandenberg :ite (M/R, Jan. 10, p.
35).

Development sc 1edules—Fos: er also
placed the deveiopment time ior the
Titan seven-segraeit solid vers on as
“a little over 2V4 vears” and tlz time
needed for base fa«ility developrent to
“about 214 years.” Foster told ttz com-
mittee that facilitics were not ti.e pac-
ing item in the proect.

Ground breaking for the W'R site
is expected to take place very scon. It’s
reported that questions of rights. if not

‘of cost, involved i1 the Sudden Ranch

property have ncw been settled.

Contract for solid motor ¢ :2velop-
ment for the larger version of Ti'an has
still not been let, :lthough it h:s been
expected for severa! months.

A spokesmar. for Sen. Hollad told
MissILES AND ROCKETs that the Sena-
tor was apparertlv satisfled wth the
explanations offered in the heariag and
that no further hearings were scheduled
on the matter. j«]
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reconnaissance And Surveillance:
AYear OfF Progress And Planning

de PLS le. i Jta.
itellige e ¢ izatio. .1as . signea
an observer t¢ monitor rurther devel-
mac.. on ¢ 1he s op: opment. 1 V

erationa, copy is 10 be deliv .ed by
Lockheed shortly.
‘ﬂ The idefense Department, while

As progressive and promising as the
past year has becn, aerial recon and
’ _surveillance is stil the future’s child.
pulling the reins on manned recon Governments anc: their military de- |
satellites, did approve funds to get partments are becoming increasingly
the PRIME portion of the START aware that world stability rests on ac- !
curate knowledge of other part es’ ac-
tivities. There is no room for error
in evaluating a rpotential enerry’s in-
tentions on the basis of haphazard,
gap-tifled informution. U.S. rnailitary
S . budgeis in recent years have shown
_ Before going into detail on the ma- ciearly that ihe Pentagon and White
jor developments of the past year and House fully suhscribe to this belief.
before exploring plans for the near The budget and importance a tached

future, it is appr r:ate to.”exf \ine to all aspeets of reconnaissancz have
the sta > of recon surveiliar  as generally increased.  This vewr, the

program uncerway, thus assuring a re-
liable mcans of delivering data cap-
sulzs from MOL and from unmanned
recon satellites to selected points on
carth without the present hit-or-miss
mid-air snags.

C deseri ! by the T one y' 10 budget for Fisca' 1967 and tie tra-
_ in T . (D \pril ! I8 ditional “Posture itatement” th..t anal-
15; 1 F of ::\ : yzes it, arc no oX. 2ption.
%0 i \£ Among the higlights of the intelli-

gence-recon budgcet are initiaion of
PRIME which will return da a cap-
sules, new Army survelilance & reraft,
additional work o VELA nuci:ar de-
tection satellites, ‘mprovement of IR
and photographic sensors and ¢ major
expansion of effort on recon sz ellites.
A breakdown by categories s pre-
sented in a box vithin the tex .

THE FY 1967 BUDGET FOR RECONNAISSANCE AND SURWEILLAMNCE

- it .atio. ‘ es. K" ) s . . .
gram. froms ailable dsin F o6 ana 5 om, isteq .edin. :F) 7k st . prov .on
decisio., on this aircraft is required at .his time.

RESEARCH AND DEVELOPMENT
Vehicles, Engine and Component Developments—The current principal effort under the START (3pacecraft
1 Technology and Advanced Re-entry Tests) program is project PRIME for which we iicluded $16 mi'lion in the
m FY 1967 budget. This is a feasibility demonstration of returning a data capsule from orbit using maneuvering
during re-entry . . .
Many other items . . . are now well along in developmen:. In orde *o make ‘hem av ‘table for use 1in Vi- ~am
~t the  ‘tiest ~ssible +me,* have »r  -take new ¢ cal’ fact We "Priv Rese- i
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ment is not that we cannot afford it—
there is no question in my mind that
the U.S. can—but that having spent
this money we may not be able to
change our policies in any particular
way. It may not add to deterrence. It
may not make it easier for us to exer-
cise our power anywhere else in the
world. , . .”

Pro-Nike—"The argument for the
ABM is obvious,” Brown continued. “If
the war docs happen, it is worth quite
a ot to reduce casualties from 120 mil-
lion 10 60 million. It could also add to
deterrence, thougi I don’t particularly
belicve in that argument.”

Air Force Chief of Staff Gen. John
P. McConnell told the committee: “In
my mind, there is quite a difference
between the loss of 100 million and 60
million Americans. I think we ought to
have this system.” =]

missiles and rockets, May 9, 1966

First Manned MOL Flight
May Slip Into Early 1970

WAsHINGTON—AJddition of $80 million
to the Air Force’s Fiscal Year 1967
budget request is aimed at preventing
slippage of the first manned flight in the
Manned Orbiting Laboratory program
into 1970.

The additional funds for the pro-
gram were voted by the House Armed
Services Committee last week.

Clear indication of a further MOL
slippage unless more funds are made
available by mid-summer was given by
Air Force Secretary Dr. Harold Brown
in testimony before the committec, The
testimony was made public last week.

The MOL development and flight
test schedule has already slipped nine
months (M/R, April 18, p. 14) behind
the timetable laid out for the program
last year.

Request slashed—Brown reported
before the committtee, that the Air
Force had originally asked Secretary of
Defense Robert S. McNamara for $395
million for MOL in FY °’67, but that
this figure had been cut by McNamara
to $159 million ($150 million for
RDT&E and $9 million in military con-
struction allotments).

Brown admitted that after the origi-
nal request for just under $400 million,
a re-examination of the MOL schedule
—taking into account the nine-month
slippage and approximately $40 million
carried over from FY ’66—revealed a
need of $230 to 240 million for FY ’67.

“That is what I finally asked the
Secretary of Defense for,” Brown told
the committtee. “We received $150 mil-
lion. We were told that if we asked for
$395 million first and then could only
justify $230 million we could not cal-
culate very well. That is a justified
criticism, but I believe our calculation
of $230-240 million is correct, and I
am quite sure that we can @bligate justi-
fiably and profitably that much money
in FY ’67. That amount is necessary to
keep the program on schedule.”

Reprogramming  possible—Brown
reported McNamara as indicating that
“if we still believed the $240-million
figure and could prove it next July, he
would let us reprogram the money.

“I don’t know where we will repro-
gram the money from,” Brown quickly
added. “I don’t think we have it.”

A spokesman for the Armed Serv-
ices Committee told MISSILES AND
ROCKETs that the committee’s action
sceks to ensure that those funds are in
the Air Force budget from the start
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and are clearly earmarked for MOL.
He stated that the ud-l-on was alsc in-
tended to emphasize the commit ee’s
support for the MO/, program,

During the heariags, Brown :old
the committee that "¢ best current :sti-
mate “is that the fir t manned » OL
flight will not occur prior to mid-1169,
which is a slip of atout nine mo iths
from what we statec 1:st year.

“Without the :.d litional mon:y,”
Brown said, “I am s re there wil be
additional slippage. \ ’hether it is six
months or what, I «a not say.” Br wn
did say that no spe:i; ¢ schedule ¢ :lay
could be related to tte funding cu: in
FY ’67 until later this month, when the
Air Force completes 'ts evaluation: of
the MOL contractors’ cost submissi ins.

Brown also said tl.at the additi:i:nal
funds would provide reasonabie as-
surance that a laboratory vehicle quali-
fication test could be: made in mid-
1969.

Cost estimates from each of the
MOL contractors were due at Air Force
MOL headquarters carly this month.

McNamara’s  jusiification—Ea~lier
in the hearings, Secrotary McNaniara
responded to Congressional questio:iing
on MOL.

“Are there grounds for serious «on-
cern about progress?” asked Cong: 2ss-
man Robert L. F. Sikes (D-Fla). “Time
is passing and we have not pushed this
program very rapidly, if it is contrasted
with space progress generally.”

McNamara pointed to the large sar-
ryover of unspent FY '66 MOL funds
and said “this simply illustrates +that
fact we overestimated the rate of tech-
nical progress . . . and asked for more
than we needed. I wanted to avoid this
mistake twice. That is why I cut back
the FY °’67 request,” the Secretary
stated, “not because of any shortage cf
funds.” This conflicts with Brown’s later
statement that the program would slip
unless more funds are forthcoming ov
mid-summer.

“I think the Defense Department
has, on many occasions in the past two
decades, expended funds faster than
was justified by technical progress,” he
added.

Specifically, McNamara pointed to
the costly failures associated with the
now cancelled Sugar Grove radio tele-
scope project, which cost $70 million.
and the Dynasoar project, which cost
some $400 million before its cancella-
tion in December, 1963. :
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by James L. Trainor

SANTA MoNica, CaLiF.—System De-
velopment Corp. President Wesley S.
Melahn is confident that, even with
termination_of the not-for-profit’s_spe-
cial relationship with the Air Force, the
company will be able to prosper.

“We have no great ambitions to get
any larger,” the SDC president told
MisSILES AND ROCKETS, “but we do
think that we will be able to compete.
Our salarics are comparable to those in
industry and our overhead is also com-
petitive.”

While the Air Force provides 82.5%
of SDC’s revenue and the Defense De-
partment as a whole 96.5%, Melahn
sees the company’s future as an effec-
tive contributor “to a wide range of
‘worthwhile projects in such fields as
education, law enforcement, regional
planning and in assisting state and local
governments in the solution of import-
ant problems.”

He also expects a continuing mili-
tary business based on the company’s
experience and demonstrated compe-
tence, particularly in air defense, where
the company has worked in a privileged
position on the Semi-Automatic Ground
Environment (SAGE) and the Back-Up
Interceptor Control (BUIC) systems.

Need established—In turning to
other governmental, state and local
organizations for future business, Me-
lahn cites three factors as decisive in
establishing the need of these organiza-

_tions for the computer systems design

competence of SDC:

—Reduction in the cost of computer
hardware, which allows many more po-
tential users to buy hardware tailored
to their needs.

—Development of time-sharing
concepts (in which SDC and Massachu-
setts Institute of Technology’s Project
MAC did pioneering work) in which
many users have access to a central
computer. This brings the cost to the
user down by another order of magni-
tude.

—Military work in the computer
field has clearly demonstrated that com-
puters are useful, thus melting much of
the resistance of people not experienced
in computer uses.

Citing SDC’s work over a wide
range of information sciences and tech-

‘nology and for a wide range of clients

(more than 90), Melahn explained the
company’s role as providing these or-

ganizations “with highly qualified tech-
nical assistance, which will contribute
to the solution of important public
problems.. This assistance takes the
form of design and development of com-
puter-based  information-management
systems, the design and implementation
of training programs and the applica-
tion of such techniques as systems an-
alysis, simulation and computer pro-
gramming.” -

The phrase “important public pro-
grams” is an important one to SDC
officials, and one they stress repeatedly.
The company does not intend to com-
pete for normal commercial business
(although Melahn admits that this
could change at some time in the fu-
ture), but will deliberately restrict its set
of customers to public organizations or
non-profits, such as hospitals, which
can use the specialized services the firm
can provide. ‘

This restriction is so severe at pres-
ent that if SDC were asked to take a
subcontractor role to a major hardware
manufacturer on a public program, the
company would reject the contract.
The reasoning, Melahn says, is that SDC

‘must enjoy a close, unfettered relation-

ship with the client in order to advise
him most effectively.

“The prime naturally wants to sell
his hardware and so he would tend to
act as a buffer between ourselves and
the customer. In this case, this is some-
thing we would have to work out with
the customer. , :

Not a snap decision—Although the
change in SDC status was first brought
to public attention last month in the
report of the ad hoc group of the Air
Force System’s Command’s Board of
Visitors on Air Force relations with the
not-for-profit corporations (M/R, April
25, p. 14), both parties were aware
that a change was needed.

“Several years ago the Air Force
and we took a look at the future Air
Defense Command programming needs
and came to the conclusion that by
1967 the workload would have dropped
off substantially and there was nothing
coming along to take up the slack,” an
SDC executive explained.

The impetus for this examination
appears to have been provided by a
special commiittee created by the Secre-
tary of the Air Force in 1964 to examine
the overall AF relationship with SDC
including the possibility of merging SDC
and Mitre Corp. Such a merger, it was
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NQM-PR‘Q}H‘E‘ SDC Expands Markel Base

felt, would create an organizati n with
“the size and depth of compete ice and
specialized position to accomp ish the
systems engineering and intersystems
integration needed to create a cohesive
national command/control syst¢m.”
Chaired by Bert Goodwin of the
General Counsel’s office, the commit-
tee instead was instrumental in the is-
suance-of a Secretary of the Air Force
memorandum recognizing SDC’s unique
character and exempting it from an
earlier policy memo which equated it
with the systems engineering/technical
direction (SE/TD) roles played by
Mitre and Aerospace Corps. It wa: a2
victory for the company in that it recog-
nized SDC’s independent status and st:n-
ported the not-for-profit’s conteniion
that it differed from the SE/TD, siugle-
customer otganizations chartered with

_Air Force sponsorship.

“This sponsorship has always been
an implied Air Force attitude,” Melahn
says, “but we’ve always considered our-
selves an independent entity, a private
organization. We're not like Aerospace
and Mitre. We’ve always been different,
although unfortunately people have
tended to lump us together. We've never
had the single-customer relationship

with the Air Force that they have. Al-

most from the start, we have had a num-
ber of customers.” ‘

Fade away or branch out—With
recognition of the diminishing character
of the air defense business, SDC’s board
of trustees “thought very hard” over the .
past several years of what the com-
pany’s future should be. Melahn says
alternatives were considered ranging
from becoming a profit-maker to dis-
solving the company. .

On the latter point, the board con-
cluded that SDC represented a good
capability for which there is a continu-

"ing need and with which its customers

were pleased. Also, they feit the SDC
team was “worth more as a unit” than
it would be spread throughout the in-

dustry. - - : o

On the question of becoming a
profit-maker, the board decided that it
should remain an independent not-for-
profit as long as there is a need and this
“continues to be an honorable exist-
ence.”

The ad fhoc committee report has
worried aloud that “if the corporation
is turned loose. the fact that the Gov-
ernment perniits the action might place
in jeopardy the capabilities of Mitre

missiles and rockets, May 23, 1966

A3

~ -

5/27/66



AU ATTOSPACE. 1L WIS 18T d portent or

the future of all non-profits, industcy
may no longer desire to share its pro-
prietary data with the sponsored cor-
porations.”

The report then admits the differ-
ing character of SDC and the firm’s
contention that it is not an Air Force-
sponsored non-profit. The committee’s
final _recommendation,_concurres_in_by
“Gen. B. A. Schriever, AFSC_com-
mander arLd_SeLIEtaIy.DLLhe—AU_FOICe
Harold Brown, is that “Air Ferce_ re-
lations with System_Development-Cor-

ations wilh .
poration_should now_be placed on a
normal Air Force ‘contractor _basis.
Thers should be a public withdrawal of
the Air Force policy statement of 1964,
without prejudice to the corporation.
There should be no special privileges or
considerations regarding researci plan-
ning or new business with SDC.”

A sponsored monopoly-—Melahn
emphasizes “that this recognition of
SDC’s role as an independent non-
profit organization does not mean that
SDC will be any less concerned with
continuing to serve the needs of our Air
Force customers. Neither do I believe
that it means that the Air Force is less
interested in having SDC continue to
serve its needs.”

In fact, the 1964 policy statement
on SDC has placed the compariy in a
good position to compete for military
business. That memo directel con-
tracting with SDC on a task-by-task
basis, taking into account “the oenefits
that derive from SDC's status as a non-
profit, non-hardware producer, in terms

of close working arrangements, objec- -

tivity and protecticn of sensitive infor-
mation. The decisive factor, however,
must be SDC’s capabilities to perform
the specific task at hand. Tasks that can
be performed as well by industriul firms
should be competed among them, if not
performed in-house.”

Thus, most of SDC’s contracts with|
the Air Force are sole-source. Justifica
tion for these awards is expected to be
valid even under the company’s change!
in status. The only tasks Melahn feels!
the company will be ineligible for are
small planning jobs the comp:zay has
done for Electronic Systems Div. in the
past.

Major military tasks being < one by
SDC that contrilzuted to its $50 million
Fiscal.Year 1965 budget:

—Provision o! operational, main-
tenance and training support fc: ADC
in updating the SAGE comput:r pro-
grams and providing comp: terized
system training to keep ADC in a state
of emergency readiness ($18 mi‘lion in
FY ’65).

—BUIC program ($6.5 mi lion in

FY ’65). !

—NORAD command o eraticn ¥~
center software and updam g the!
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NORAD space track  program: ($4
million).

" —System training program; for
other Air Force commands ard the
Army, as well as military assistance
countries ($4 million).

—Support of Space Systems Div./
Aerospace Corp. through maintcnance

- and operation of a computerized ibrary
of satellite trajectory information for |

operational research and for use in
operational launch and in-orbit control
by the Air Force Satellite Control Fa-
cility ($6.5 million).

SDC has also had contracts with
the Navy, the Office of Civil Defense
and ARPA, the Advanced Research
Projects Agency. The ARPA contract
is the experiment in developing tln"r
sharing techniques.

In the civilian world-—Alrzady corn-
siderably experienced in the application
of information processing to civilian

needs, SDC has designed automatic in-

formation processing and retrieval sys-
tems for school districts in' New York’s
Rockland County and for Quebec’s
Ministry of Education. It also has an
extensive program covering the spec-
trum of computer-aided education.

In law enforcement, it has designed
New York State’s identification and in-

telligence system and a computer-based

information system for the Los Angeles
Police Dept.

SDC is a planning and technical sup-
port contractor for the Appalachian
Regional Commission, part of the War
on Poverty. It has also aided and ad-

- vised the State of California and de-

signed an information system for the

~ Job Corps.
"The company is engaged in several’

projects related to the development
planning of a national information re-
trieval system. Having already studied
the problem from the viewpoint of the
Federal Council for Science and Tech-
nology, SDC is now working under a
National Science Foundation contract
to study the abstracting and indexing
services performed by the national sci-
entific and technical document handling
system.

SDC’s Melahn summarizes the com-
pany’s position in these words, “it has
a distinctive competence in information
sciences and technologies- provided by
a large technical staff with extensive
training and broad varied experience.

“Since its incorporation ir 1956,

SDC has played a key role in the sig-
nificant developments in the information
sciences and computer ‘technology.
These include pioneering efforts in the
first real-time information systems,
higher-order programming languages,
simulation, computer time-sharing. nat-
ural language research and deveiopment
of user-oriented systems.” ¢ |
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AIR FORCE

$3,115,200—Martin, Co., Denver, Colo., segment
of previously awarded contract for Manned

. Orbiting Laboratory requirements study.

$2,359,000—O0akland Construction Co., Mark B.
Garff Co., Ryberg and Garﬁ'C}onstruction Co.,
Salt Lake City, Utah, a joint contract for
construction of missile training facilities at the
following _ bases: Malmstrom AFB, Mont.,
($594,000); Ellsworth AFB, S.D., ($566,~
000); Whiteman AFB, Mo, ($578,000); Grand
Forks AFB, N.D. (§621,000). .

$1,500,000—Douglas Aircraft Co., Inc., for con-
version of Thor missiles to standard launch
space boosters.

$107,650—Avco _Corp., Avco-Everett Research
Laboratory, Everett, Mass,, for research in
lasma propulsion.

589?250—Lo%khecd Aircraft Corp,, Lockheed Pro-
pulsion Co., Redlands, Calif., for Hydoc
rocket motors. 3

$70,505—Mithras, Inc,, Cambridge, Mass., for de-
velopment of theoretical models to explain
radio frequency efforts associated with missile
passage through the atmosphere.

$50,000—>Massachusetts Institute of Technology,
Cambridge, Mass., for research _dqucted toward
development of a method of objective forecast-

. ing of solar flare phenomena.

$30,466—TYexas Instruments, Inc., Dallas, Tex., for
the Advanced Research Projects Agency Proj-

* ect Vela research. o

$28.339—General Dynamics Corp,, Convair Div,,
$an Diego, Calif., for continuation of re-
search on ionizing fronts in plasma accelerators
and generators,

NASA Experts To Help Manage ,MCL

Houston—Top-ranking NASA offi-
cials will be assigned temporarily to
the Defense Dept. to aid the Air
Force in technical management of its
Manned Orbiting Laboratory (MOL)
program. ,

The officials at the civil service
grade levels of GS-15 will come pri-
marily from the Gemini division of
the Manned Spacecraft Center here.

It is believed that Air Force
Space Systems Div. has asked the
space agency to provide initially five
or six technical managers.-

In addition to those requested
for the MOL program, the Air Force
has also asked that two other officials
—with ‘at least one coming from
NASA headquarters—be assigned to

‘Holloman AFB, N.M. The latter two

will be used to aid the Air Force in

~ its study of advanced manned space

missions. One major area of interest
in which the NASA personnel will be

~ assigned is in the study of reusable
" boosters, reliable sources reported.

Transfer of the NASA personnel

- to the Air Force is part of an agree-

ment announced last year in which
the space agency consented to make
some of its personnel available to
DOD if needed. Some 330 DOD of-
ficers are now on duty with NASA.

Only one NASA employee,
Michael Yaromovitch, is now on

SPACE MEDICINE

Air Force Rules Out Space Diet in Test

New coatings for bite-size foods must be develd ped
before an all-bite-size feeding system cun be recommer ded
for manned spaceflight, Air Force doctars conclude. Re-
porting a recent two-month simulated spice voyage at t}3e
Air Force School of Aerospace Medicine. researchers said
that the fat coatings presently used to maintain the inte: rity
of bite-size foods are poorly utilized and may be respon ible
for elimination frequency. Intestinal cramps and abdon inal
pains, so severe on several occasions as t¢ keep crew n em-
bers from performing efficiently, were uttributed to ce.tain

beverages used as supplements to the die:.
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duty at DOD. He serves as special
advisor on the MOL at Air Force
Systems Command headquarters,
Andrews AFB, Md.

The request for the relatively
highly placed officials reflects the
important role they are likely to play

in the MOL program. Only the very

highest program managers of the
space agency, such as the overall di-
rector of the Gemini program here,
receive salaries in the GS-16 to 18
range. : )
It is also believed that as MOL
moves further into the design and
development phase, the Air Force

may request more NASA officials.

One of the major positions a
NASA employee will fill is assistant
to the Gemini-B program director at
SSD. He is expected to be a top-
ranking official in the Manned
Spacecraft Center’'s Gemini space-

_craft design office.

Another will fill the job of assist-
ant director of the MOL engineering
division. The person selected—if he
accepts—is expected to come from
MSC’s reliability group. '

One major job the Air Force
would like NASA to fill is that of
special assistant to the chief of flight
operations for MOL. The NASA
official is expected to come from the
mission control group at MSC.

“wo
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Future Programs

by Hal Taylor

WasHINGTON—Defense Department of-
ficials do not believe a decision on the
need for an advanced manned military
spaceflight program will have to be
made for at lcast three years,

Their position is based on the belief
that a new program should not be
initiated until Manned Orbiting Labora-
tory astronauts have proved that man

~can add to this country’s military space

capability in Earth orbit.

This view is not shared by some
Air Force officers who feel that plans
for advanced programs do not neces-
sarily have to wait until early systems
have been proved in flight tests. But it
is clear, following talks with both DOD
and the Air Force, that no one in the de-
fense establishment is pushing very hard
for an advanced manned program be-
yond MOL, with the possible exception
of a reuseable spacecraft for logistics
and ferry purposes.

This is not true, however, as far as
an operational MOL program is con-
cerned, A high-ranking Air Force of-
ficial reports that though there is no
approved MOL program beyond the
planned seven-flight R&D effort, “we
wouldn’t have started the program if
we didn’t have plans for an operational
system.”

Where the action is—While con-
sideration of a new, large post-MOL
manned program is currently in limbo,
there is activity in other areas of the
manned military space program:

—The Directorate of Defense Re-
search and Engineering expects to issue
requests for proposals in about six

“months to industry for development of

a space rescue capability.

Within DDR&E, the preponderance
of opinion holds that the best hope
of developing such a capability lies in
providing Earth-orbiting astronauts with
an escape capability that will allow them
to leave their spacecraft and return to
Earth on their own rather than having
rescue spacecraft Jaunched from the
Earth.
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~—The Air Force envisions the neced
for a lifting body resupply vehicle in the
mid-1970%s." As a result, development
of such a vchicle may be initiated in
the Iate 1960’s. DOD officials generally
concur in the need for this vehicle.
They are now attempting to pull to-
gether much of the on-going work and
develop a schedule for further orderly
development,

—The Air Force has asked NASA
to provide two more spacecraft from

- its Gemini program for use in un-

manned MOL missions. This brings the
total to four spacecraft transferred from
the space agency to DOD.

One of the new spacecraft will be
used in a pad abort test. The Air Force,
M/R has learned, is experimenting
with a new escape system in which the
spacecraft’s retro-rockets could be used
for pulling the capsule clear of the
launch vehicle in case of a pad abort,
with -the pilots then using the ejection
seats.

The other will be used as the pay-
load on an R&D flight test of the seven-
segment Titan I11-C launch vehicle.

—Air Force officers have reported
that, to the greatest extent possible, sub-
systems developed in the -Gemini and
Apollo programs will be used in MOL.
The latest to be incorporated into the
program is the extravehicular space suit
used by Gemini astronauts. ‘

Though the Air Force will use exist-
ing life-support systems in its early
manned program, it is pushing for tech-
nological improvements to meet its own
needs. One example is modification of
the Apollo Lunar Excursion Module
(LEM) environmental controls system,
developed by Hamilton Standard, to
make it a two-gas system, and the study
of helium as a diluent gas for possible
weight savings.

—Studies will begin in Fiscal Year
1967 on advanced subsystems for
manned spacecraft, Initially, DOD of- -
ficials say, attention will be focused on
integration of advanced space power
systems with new guidance and control
technology within the overall space-
craft system.
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MOL plans—-The Air Force is
regotiating with NASA. for the acquisi-
tion of twe raore Gamini spacecraft.
An oflicial anaounceraent is expected
later this sumraer or fall,

The Air Force wants the Gemini 9
capsule, which is scheduled for a threc-
day mission this week, and Gemini
10, which is scheduled for launch later
this summer, probably because these
craft have the lawest technical changes
-—incliding a switeh that can shut down
all 16 thrusters in the orbital attitude
mancuvering system (OAMS).

Afier the spacccraf(, are turned over
to DOD, it i1s expected that the McDon-
nell Aircraft Corp. will receive a con-
tract to refurbish them. The pad abort
test and the launch vehicle flight test
are expected to follow the heat shield
flight test, using Gemini 2, which will
be the first launch in the program.

Two unmanned flight tests using
Gemini-B  spacecraft—built for the
MOL pxowram by McDonnell—and five
manned flights, will then be made.
apgnrs that_the first un-

It noxx
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(\I/‘{ Aorxl lb p 14), and the earliest
date for_a_manned shot now is the last_
_half of 1969 (M/R, May 9, p. 13).
“That target date could slip even further
if the Air Force does not receive a de-
sired $80 million in additional FY ’67
funding for the program. While this
has been recommended in Congress,
there is no certainty DOD will let the

Air Force use the money.
Momentum mounts—High-ranking
Air Force officers feel the MOL projuct
—which has suffered many delays since
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its inception—is now on very solid
ground, They believe that DOD has
made a strong commitment to the
program and that it will proceed into
the development and flight phase,

Top Air Force oflicials feel that
MOL manned fiights at first will be
made at the rate of about one every
four months or so. Later, as more
flight experience is gained, this may
increasc in the 1970’s to a rate of per-
haps onc every two or threc months. It
is not forescen at this time that MOL’s,
even in an operational program, will
be launched at a more frequent rate.

Limiting factors on the launch
schedule are the high cost per launch,
the turnaround time for launch and
ground support facilities, and U.S. Navy
support required {or water recovery of
the Gemini-B.

DOD and the Air Force report they
have no present plans for land recovery
of the MOL spacecraft despite the fact
that the use of its forces for recovery
is a serious problem for the Navy. The
problem will be even more intense in
1969-1970 because long-duration
Project Apollo missions will also be
taking place.

There is at least a possibility, ad-
mittedly remote, that the Air Force may
suggest attempting to snatch the
Gemini-B out of the sky during re-entry
.using the same methods developed for
its Discoverer unmanned satellite series.
Informed sources report that the air-
plane/skyhook recovery system de-
veloped for that program was man-
rated- and is available for use in the
program.

tronaut Maneuvering Unit undergoes zero-g simulation test in KC-135 aircraft.

e pem————y
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The planned MOL polar orbit,
ranging from an apogee of 150 n. mi. to
a perigee of 100 n. mi., is especially
good for MOL’s primary surveillance
role. In addition, because of its polis
orbit it will pass over every aren of the

Earth once a day.

While the whole program is classi-
fied, occan surveillance techniques ap-
pecar to be especially sensitive. This
indicates that this country perhaps has
achieved a sharp breakthrough in anti-
submarine warfare that will be tested
aboard AOL.

Though MOL funding requirements
started slowly in FY '66 and '67, both
DOD and the Air Force expects it to
reach its peak in FY 1968 and 1969
when a budget level of $400 million to
$500 million a year is expected.

One method the Air Force has used
to hold down MOL costs is the very
extensive use of subsystems develoned
for NASA's Apollo end Gemini pro-
grams.

Experienced team—Douglas Air-
craft’ Co., prime contractor for MJL,
has already selected such firms as
Honeywell, Inc., for the guidance sys-
tem, Collins Radio for communications,
and Pratt & Whitney for fuel cells
(M/R, April 4, p. 15). Hamilton Stand-
ard Div. of United Aircraft Corp. was
also named to develop the environmental
control system. All these firms devel-
oped similar systems for Apollo.

DOD has not named a contractor
for the MOL navigation system and
presumably will build it in-house. Air
Force officers stress that this approach
does not indicate any problem with
this subsystem. “If there were concern
over this, we’d have a contractor,” says
the Air Force.

Also to be selected is either IBN. or
Sperry Rand for the data-managenient
subsystem. Decision was expected in
May but now reportedly has slipped a
few weeks.

All other industry cost submisicons
were due at MOL headquarters at the
Air Force Systems Command :his
month. The program is expected to
move out of the definition phase and
into early development within the iext
few months.

One of the prime purposes of the
MOL mission is to discover the rol: of
man in the vehicle, and one of the
areas receiving paricular attentio:  at
Acrospace Corp. and other orgariza-
tions connected with the prograr. is
the nature of the mun-machine i ter-
face, and the effect tae presence f a
man has on system dcsign.

Computer details-—On the latnch
pad, the Titan 1II, MOL and the
Gemini-B spacecraft will contain an im-
pressive complement of computers. The
Titan 11l computer for this mission will
have a random access memory instead

6/10/66




)

of the drum memory hitherto used, and
will consequently have much greater
flexibility. The Gemini flight computer
will function as backup to the Titan 11
computer, and will be modified for in-
ertial guidance rather than radio guid-
ance. The MOL itself will have a
general-purpose  computer aboard,
which may be used to assist the astro-
naut decide which of the two navi-
‘gation computers is giving the most
reliable data, ,

Once in orbit, it will be important
that the full powers of the general pur-
posc computer are available to the astro-
nauts and a capability for a *“conversa-
tional” interaction with the computer is
likely to be included.

There is some doubt whether cath-
ode ray tube displays will be suitable
for MOL. The tubes deteriorate in the
helium atmosphere with inward diffu-
sion of this gas. However, the CRT’s
ability to display rapidly changing data
may not be required and an electric
typewriter may prove quite adequate as
an input-output device.

Lifting bodies—One phase of future
manned spaceflight receiving close
scrutiny by both DOD and Air Force
officials is the use of lifting vehicles as
logistics carriers and re-supply vehicles
for large Earth-orbiting spacecraft.

Both agencies believe a decision on
a lifting body design and some sort of
go-ahead for development can be ex-
pected in about two years.

As part of that timetable, DOD and
NASA signed an agreement calling for

" technical
. Corp., is aimed at “trying to get a

a joint lifting body resecarch program
six months ago. In it, three different
vehicle designs will be glided back to
Earth by pilots of both agencies after
launch from a B-52 bomber.

The flight scries, featuring NASA
M2-F2 and HL-10 vehicles and the Air
Force’s SV-5, is scheduled to begin in
the near future. In addition, both
agencies arc engaged in large efforts to
find out what types of technologies will

have to be developed to make lifting.

body vehicles feasible (see p. 76).

Space rescue—DOD’s intention to
get industrial participation in its space
rescue program studies in about six
months indicates' the seriousness with
which it is being considered. Several
firms have already offered unsolicited
proposals on systems they would like
to develop.

DOD officials now believe that some
sort of escape system that would use a
small capsule with a heat shield to re-
turn an astronaut to Earth safely is
perhaps the best answer.

Most feel that a real space rescue
vehicle will probably have to wait until
the development of a lifting body
re-entry vehicle.

The problem is also evident at the
Air Force’s Space System’s Div., where
broad continuing studies have thus far
failed to find a solution. ,

One study under way in-house, with
support from Aerospace

better insight into the probabilities,
what the problem might be, subsystem

missiles and rockets, May 30, 1966
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failures, etc., that might result in a
spacecraft being disabled,” onc source
said. “In general, this is not tied to the
Manned Orbiting Laboratory program.
We simply want to gain an idea of
what might be the preferred way of
attacking thce problem. Onc is by pre-
ventive measures—nhigh reliability, in-
tegrity, redundancy.”

In general, opinion at SSD is split
on whether a separatc rescue space-
craft or an escape capsule built into a
spacecraft would be the solution, with
some spokesmen showing little en-
thusiasm for the subject at. all. They
point out that even if an acceptable
escape capsule could be developed for
a spacecraft, astronauts still could be
lost, depending on where on the globe
they landed and whether recovery
forces could find and rescue them. Yet
some spokesmen think the escape cap-
sule method holds™ better possibilities
than development of a separate rescue
vehicle, This view is also said to be the
most widely held at Aerospace Corp.

Proponents of some form of space
lifeboat believe such a system could be
built into a manned spacecraft with
about 600 lbs. added to the complete
hardware package.

SSD has reportedly asked that two
contract studies be let to further pin
down the problem. One would attempt
to develop statistics on the likelihood
and types of failures requiring escape;
the second would call for preliminary
engineering design of various escape
capsule concepts. 5|
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Congress Voices Sir

Tte Manned Orbiting Labora-
tory aspears to hold highest priority
in terms of Congressional approval
of military plans and programs. The
strong support that the program has
appears to traverse party lines and
is unanimous in both House and
Senate.

Though Vietnam funding is put-
ting pressures on many research and
development programs, the space
programs hold a strong appeal to
most Congressmen. Should any space
program suffer, in fact, most of the
legislators feel that the civilian space
agency should receive the first
trimming.

As an example of the feeling
about MOL, all committees in-
volved in defense—Armed Services
and Appropriations committees of
the House and Senate—Ilast year
wrote specific language into their bills
stipuiziing that the $150 million ear-
marsea ior MOL in Fiscal Year 1966

e lslal
iy
could not be spent on another pro-
gram.

The same clause has been written
into the House Armed Services bill
this year. As additional evidence of
this commiiitee’s support, it has voted
to ensure that the Air Force gets the
additional $80 million which it re-
quested from DOD for MOL.

While the Senate, which has al-
ready voted on the bill, did not add
this money, it is understood that
should DOD make a case for it, it
would be forthcoming.

There has been criticism in the
past that DOD has been too secre-
tive about its activities, particularly
with respeci to the MOL program.
Commitice members now feel that
the recent classified sessions elicited
adequate information for the policy
decisions they must make.

The MOL secrecy problem has
never been as acute as that in such

‘controversial areas as the manned

AR
1‘\JL

Support

bomber program, the nuclear No
or military base closings, the; ..
Most dissatisfaction with DC.L. .-
swers occurred during the worny
period in which the MOL progiam
was delayed.

Full support aiso has been given
by the Congress to the highly clausse
fied military reconnaissance
programs, While taere have bees
some anguished crizs behind
doors about the cost of mainiar. 3
these * programs, they have o
accepted with the feeling that sich
an outlay is the inescapable :.ice
of highly technical and advan:ed
protection.

The return fron: these proz=. s
justifies their cost. the comiuiice
members feel. And though therv is
a great deal of new emphasis on
R&D for Vietnam, there is no ‘oss
of support for the existing programs
—or loss of sight of the threat from
a more sophisticated enemy.

SDave

missiles and rockets, May 30, 1966

WasHINGTON—Few major additions to
the national ranges are forecast by
the Dept. of Defense to support the
growing military space program. Excep-
tions include the new Manned Orbiting
Laboratory (MOL)/ Titan II1-C launch
facility at the Air Force Western Test

instrumentation Needs Low;
Miad Tied to MOL

Range and an instrumented range ship
to cover MOL insertion and injection.
Range instrumentation at both East-
ern Test Range (ETR) and Western
Test Range (WTR) are considered rea-
sonably adequate and need only modest
equipment augmentation. Principal

system_improvements are expected to

Written by Senior Editor
Charles D. LaFond and Associate
Editors Rex Pay, Ron Barnhart
and Kurt Voss.

come In tne_addiion of teiemetry ca-
pability and new real-time data-han-
dling systems. Thg Satellite Control
Facxiuv is bding expanded fo handle
thé MOL rission.
“The gen

trend is toward im-
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proving efficiency at the ranges ti:rough
greater use of multi-purpose, self-check-
ing subsystems and of remote operation
of electronic subsyvsiems.

— DOD officials estimate that annual
expenditures for range improvements
wil]l be about $20 miillion over the next
five years.

ELECTRONIC SYSTEMS DIV.

Responsibility for instrumeatation
systems development and management
for all Air Force test ranges res.s with
the deputy for engineering anc tech-
nology, Elctronics Systems Di ., Air
Force Systems Command, H..nscom
Field, Mass. This work is carried out by
the Directorate of Aerospace Inst umen-
tation (DAI). DAT is assisted i1 most
of its projects by the range systcms de-
partment of the Mitre Corp.

ESD's major unclassified programs
dealing with range instrumentat on for
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flight support are as Tollows:

Range telemetry conversion—DAT
coormn 1es conversion of all_nationg ol
T, n’\ Hi* 10 UHF telemetry
edmuniciiions, The frequency bands
t8 e utilized are L-band, for support
of all manncd missions, and S-band,
to support all unmanned missions.
zes to be fully convgrud to.,

bv Jun. 1. l)/(L arc J‘\JL(,LQ
IS T Prmwv’__,g,nm.gds,
Homan AFB N Eastern

Tost Ranoe: Fla. and Western Test
M

R: .nacf\ At
TTESDS present activities in this area
‘consist fargely of requirements analyses,
to determine what the space missions of
70% will be, and, from this, equip-
ment procurements, based on present
state-oi-the-art telemietry systems, with
the Jiawing up of some component de-
nent speciiications.
i program began in
. and 1o date DOD has
> riition to buy, test and
iy Al It is estimated that
million will be required
the progran.

re two mnor reasons for

ihe

de I of interference bctwecn the
d tactical military units in
V' EF band, and 2) the ever-increas-
{ wid2-band TM systems has
d a shift to UHF, where these
car be more readily accom-

cood
Tinges an
R

the

"

o)
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R
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from Mi
task of sanadrdxzmg, .mofar as pos-
sible, the telemetry systems used at all
national test ranges. The objectives
of this program are twofold: 1) to
develop the highest degree of common-
ality and ccmpatibility in TM systems
at all national sites, and 2) to reduce
developmient costs of new equipment.

The TM standardization program
is a comhuing one which will be in ef-
{ r in the future as ESD can

etry  systems  developmient—
udget includes money for ad-
e state of the art in the
field. Basic technology in-
vestigations in this area are carried
out for ESD mainly by the Air Force
Avionics Laboratory, Wright-Patterson
AFB. Ghio. The Avionics Lab is con-
centrmi.., on devising new TM-signal

ien and  demodulation  tech-
nigues, sti;zning new TM antenna and

nodi

tast ard  evaluating new

Systeins -mjo“cms such as thin-film
and ia d cireuizs.

¢ a of T™ systems develop-

rmoit. SO cuirent'y has two  major

: Lader woy. The first is the

rsirumentailo noprogram in sup-

i e Air by o2 Space Systems

Div. This program will enhance aerial-
recovery capabilities of the aircraft
through development of improved TM
receivers, recerders, and data displays.
All C-130 TM cquipment is pal-
letized for quick and simple installa-
tion and removal. Five such pallets
contain all the TM equipment required
for one aircraft, Suflicient equipment to
outfit 10 C-130's will be dclivered to
Pdw,lrds AFB for operational testing
ShdTR uns Sgplcmhox.
~~The other major TM program now
going on is development of a new

digital range satety/comnmnd svstem,
THS Will 0 GECTT10 Carry out the “de-
struct functions required during R&D
booster launches, and for other com-
mand functions.

Two system-definition contracts for
the system have been let; both are com-

plete and the final RFP is ready for -

release. Initially, ESD will buy one
prototype systzm with an option, after
prototypc testing, for 10-12 more.

The RFI" for this system specifies
that the cquipment contain a good
deal of redundant circuitry and have a
long mean time between failures, quick-
turnaround capability for multiple
launch operations, anti-spoof capability,
and quick response time. Prototype

system is to be delivered 18 months

after contract award.

Re-entry systemis evaluation radar—
The RESER system will be used to
evaluate ballistic re-entry systems and
study the flight characteristics of multi-
ple re-entry bodies.

The system has been through a con-
tract definition, and a request for pro-
posals to build onc system will be issued
shortly. ESD’s goal is to have a firm
under contract for RESER by vear's
end and have the system installed in the
Pacific within 18 months thereafter.

Coherent  signal  processor—This
system is being developed jointly by
NASA and ESD. It is in reality a reto-
fit, or modification, to - existing range
C-band radars—specifically the FPQ-
6's and FPS-16's—which, using the
Doppler effect. will enable them to make
much more precise velocity measure-
ments and double their acquisition
range.

A contract for this equipment was
awarded in March. The contractor has
already delivered a preliminary design,
which is now being reviewed by ESD
and NASA. The equipment is slated to
be operationa! on radars at Patrick AFB
and Wallops Island by next summer.

Radar elcctronic scan techniques—
This is a study project to evaluate the
benefits of replacing the paraboloidal
dish antennas of shipborne tracking
radars with planar phased-array an-
tennas. ESD believes that phased-array
antennas will greatly increase the target-
acquisition ;robability of tho:e radars
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and give them faster track capability.

Two study coniracts for devising
scparate approaches to the proablem
have been awarded and completed. Both
contractors are now developing bread-
board models of their proposed :quip-
ment, and these will be demonsirated
to ESD in June.

Airborne instrumentation plctform
—Several years ago ESD recommendecd
to Air Force headquarters that tri.cking
systems be develoned for ver -high
flying aircraft to fill in the gaps bitween
ground- and ship-based trackin:; sta-
tions. At that time, headquarters ‘urned
them down flatly because ESD hal only
limited data on techniques and costs.

Since then, ESD has strengthe;ied its
position and currently has a coniractor
making a cost-effectiveness study of the
AIP concept versus an improvec ship:
or ground-based tracking equipient.

ESD’s technical studies show that
since an AIP systcni would be above
most of the Earth's : 2nsible atmos »here,
velocities of ballistic-orbit objects vithir
100 n. mi. of the sy:-tem could be Jeter-
mined to within 7 fps, and po itions
could be determined to within 0.6 n. mi

All the technical data, plus th. cost:
effectiveness information, will b: pre
sented to Air Force headquartess for
evaluation this summer.

Apollo range iastrumentatioa air
craft—In support of NASA’s .{poll
program, primarily the Junar injcction.
burn phase, ESD is directing th: out
fittting of eight C-i35 aircraft - ith :
variety of communications and elem
etry equipment—15 tons per ai-craft

The 135’s will carry voice-co mmiu-
nications gear which will prov de ¢
direct voice link tc the Apollo astro
nauts. Messages from the: astr .zaun
will be relayed from the A/R A «
NASA’s Manned Spacecraft (enter
Houston. Telemetrv data fror. the
Apollo module will e stored in n: :mory
equipment aboard t.e aircraft an ( ther

““dumped” via VHF transmissiin 1

ground stations. Other equipmern to b
carried includes two-way, hi;h-fre
quency teletype systems, a nose
mounted, 7-ft.-dia. communicatio s anc
TM high-gain antenna. and an ai borns
lightweight optical ‘racker (ALC ).

With the Apoll capsule par od ir
a 100-n.-mi. orbit over the A lanii
Ocean for lunar injection, three 2 /RIA
aircraft, plus one backup, will »e re
quired. If lunar incction takes place
over the Pacific, six \/RIA pline | plu
two spares, will b 5 2quired.

Four of the ciyht A/RIA & reraf
will be capable of handling the \LOT
system, but it appuars that only or » may
be required. All he ALOT equimen
will be housed n a 21-ft.-lon - poc
mounted on forva I left side f th
aircraft fusclage - LOT will b usec
to make detail | sequentiat hoto
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Protorype Space-Ground Link Subsystem (SGLS} is shown during
tests at TRW Systems, developer of tracking, telemetry and com-

graphs of the missile and spacecraft
Curing early lauach, passage through
high-Jynamic-pressure regions, staging,
separation and—possibly-—re-entry.

All equipment for the eight C-135’s,
which are Government-furnished equip-
ment from the Military Air Transport
Scrvice, is being acquired and tested
now. One outfitied plane will be ready
for the first unmanned A4pollo shot this
fall. Three others will be ready in early
15667, and all will be completed by Jan-
uary, 1968. Total program cost is ap-
proximately $30 million.

MOL support ship—The MOL pro-
gram foresees a need for an instru-
mented ship, to be placed about 700
miles downrange from the launch area
to cover the insertion phase of the MOL
trajectory. The Air Force, in collabora-
tion with NASA, is studying the pos-
sibility that one of the Apollo 1 & 1
range ships being modified for support
of that program also can be used for
MOL support

Calibration studies—ESD_is_doing

a series of analytical 9lucn,s to deter-

minc the feasibilitv_of calibrating Tangd
LLQb calipraiis

inSifummentation from satellites.  Prans
—

have advanced to the stage that some
C-band radar calibration equipment is
tentatively scheduled to go aboard "the
OV -7 satellite to be put in equatorial
orbit from WTR this summer.

If ESD gets the results it antici-
pates from this experiment, it will de-
velop more equipment to calibrate
other radars. This equipment would be
put on a polar-orbit satellite to be
Jaunched early next year.

Communications systems studies—
ESD is in a continuing effort to improve
its inter-range high-frequency and wire
communications links. This work is pri-
manly basic technology, devoted to de-
vising new modulation techniques, im-
proving error-control and dctection
equipment, and developing data-han-
dling systems with higher data rates.

EASTERN TEST RANGE

The eight new highly instrumented
A/RIA jet planes and five new ships
are being procured out of Eastern Test
Range for ESD to improve telemetry
and communications by the Air Force.

Although prime requirement for the
planes and ships will be in support of
the Apollo program, Air Force spokes-
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mand subsystems. The SGLS project includes both the spaceborne
package and the ground station equipment.

men feel the units will also have « limitca
use in future—and strictly military—
space flights.

The A/RIA C-135 jets provide a
cruising speed of 440 knots. which is
sufficient to follow changes in orbiwal
passes. The ships include three T-2
tankers, stretched at General Tynuinics.
Quincy, Mass., shipyards, and two C-2
transports, bun6 mcdified by LTV. Inc.
at New Orh.ans (M/R, Jan. 24, p. 24).

Both planes and ships will »e opera-
tional by early 1968.

Air Force planners are now studying
whether the 11 C-130 planes now in
use can be comypletely replacel by the
C-135's. At least five of the olcer planes
will go to Western Test Range 10 replace
five Navy Constellations now handling
telemetry there. Present plan\ call for
the Arr Force to ‘mku 0\ er n

Using the transnl w:fd [
As a part of the move fron VHF
UHF at ETR, command {tcguencies
will be shifted to the C-band {:he 5,00(
mc region) from the 400-500 nu
region.
Air Force technicians expect less in
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terference in the higher bands, partly
because of the elimination of military
radio traffic, and partly because of the
higher directionalism™ of the antennas
used at the higher frequencies.

At the same time, engineers are look-
ing into ways of “stretching” fre-
quencies, to allow a greater use of the
bands,

But no sizable changes are being
planncd in basic equipment, according
to_William S. Hines, technical adviser
mange engincering.

mqlrassment of data—One of
the most difficult problems, he said, is
what to do with the huge quantities
of TM data collected during missile/
space R&D launches. ‘He predicts the
machine-editing of the data received,
using judgment factors programmed into
computers. These factors would be sen-

_sitive to readings outside of certain

parameters by specific amounts. When
the higher- or lower-than-usual read-
ings were found, they would be trans-

- mitted.

Two firms, Lockheed and Radiation,
Inc., are prime movers in experimenting
with this torm of adaptive telemetry.

Col. M. W Llliot, deputy for range

" operations, agrees. He points to the

complexities being introduced into
telemetry studies by multi-unit guidance
systems, such as those built into the
Saturn rockets. In these systems, outputs
from three inertial guidance systems are
transmitted to ground stations, where
they arc compared. If two of the out-
puts agree, but differ from the third,
the third is assumed to be wrong. This
information is used in planning flight
programming and in forming destruct
judgments.

On the ETR, primary work is con-

cerned with stepping up capacities,
rather than replacing equipment.

A new data and communications
cable has already been installed between

"Antigua and Grand Turk Islands, and
 the International Telephone and Tele-

graph Corporation is in the process of
continuing the line from Grand Turk
to Cape Kennedy.
New computer plan—The Cape’s
future, as_FElliot sees i, will include
a——————————
a new central computer setup. He sees

one computer to service the needs of

the_entire Cape Kennedy-Patrick AEFB

area, using remote input and readout
units at many locations, to replace the
moie 5Te than 50 scpafate computers JDow
in use in the area, .

" TUnder his direction, the Air Force
is now in the process of putting the
control of all range facilities through
a single computer. The sctup will be

used to procram botH™the resources of

the range, and the needs_of range.
ugers, in an_attempt to simplifv, with

printed schedules, total programming.

i

Eastern and Western Test Ranges
now have their radar sets hooked up,
via computers, so that they can “talk”
to each other. Tms inter- range acqmsx-

tion allows one ra. " 6T owmfl_"x space,
$hipor saceilite. 1

satcllite, to_ tell”Ti¢ other J_)_g_g
c1scIv whcm o i whm o the ¢ olmct

. passes from one field of. view into the

other. The system has been in - partial
operation for almost three months, and
full operation is due next year.

One major new installation at the
Cape is the new Range Control Center,
which will take over when Central Con-
trol closes and is turned over to Range
Safety. In the new building will be com-
plete equipment to handle all tests,
launch control, aircraft deployment
and display capabilities such as range
status and missile progress. It includes
the new satellite center, which is already
in operation to monitor smaller scien-
tific satellites.

SATELLITE CONTROL FACILITY

Support for Air Force space satellite
operations is supplied by the world-wide
Satellite Control Facility, which Space

" Systems Division spokesmen now de-

scribe as having the capability of sup-
porting both equatorial and polar orbits.
Six support stations are deployed
around the world in the network:Guam;
Vandenberg AFB, Calif.; Hawaii; New
Boston, New Hampshire; Kodiak,
Alaska; and on Mahe, Seychelles Is-
lands, in the Indian Ocean off the east-
central coast of Africa.

The Satellite Control Facility origi-

nally was intended for support of one -
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Air Force satellite series and consisted
of several ground stations and a control
center. When other Air Force programs
came along, the network was augmented
with further stations and equipment—
unfortunately, in many cases as a quick
fix.

By 1961 a policy of more coherent
development of the facility had been
agreed upon and resulted in two overall
trends—greater reliance on a high-
capacity flexible computer system at
the Satellite Test Center (the control
point for the facility), Sunnyvale, Calif.,
and a movement toward increased stand-
ardization of ground equipment. The
aim has been to obtain a standard set of
ground equipment in which all changes
in operation procedures can be achieved
by computer re-programming.

Addition of new gear and rework

~of old gear bas been restricted by

scheduled support of space programs,
which have been steadily increasing in
number. However, the new computer
system is now becoming operational
and the development of standardized
ground equipment is approaching reality
with delivery of the first prototype
Space-Ground Link Subsystem (SGLS)
to the Vandenberg ground station.
General systems engineering and
technical direction for the Satellite
Control Facility is assigned to Acro-
space Corp. Philco Western Develop-
ment Laboratories has the hardware
contract for the ground stations, other
than the Satellite Test Center. Lockheed
Missiles and Space Company has the
hardware contract for the STC. System
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Satellite iracking station pperated by the 6596:th Instrumentation
Squadron at Vandenberg AFR, Calif. The station performs telem-

Development Corp. has the contract for
computer program integration.

On-line operation—One of the chiof
features of the SCF is the on-line data
transmigsion that takes place between
compiters at the remotfe ground sta-
tions arcund the world and the com-
puter at the STC. Compaters operate
on-line at both ends of the data link.
Parallel digital data words arc frans-
formed into serial words, encrypted,
and tepe-modwlated for transmission,

On-line computer programs at the
ground stations digitize, compress and
format FM/FM telemetry data reccived
fromy satellites, prior to wransmoiting it
to the STC. The ground stations also
check tracking data for qualily, com-
press theoy, and transmit them to the
STC for orbital calculations. In the
cpposite direction of transrnission, coni-
nands for satellites that are transmitted
from the $TC are verified at the ground
station and transmitted to the satellite,
and receipt of the commands is sent
back in real time to the STC for further
vorification,

At present, the various grouad sta-
tions have dilferent mixtures of teleme-
try and tmﬂkiug equipment, which SSD
spokesmen describe as very similar to
standard range cquipmient. Operating
frequencies include VHF, UHF, and 8-
band.

Two of the more standard antennas
thar &re 0 be found in the network are
the 14-ft.-dia. Prelort for accurate

Section:

beacon tracking  and the &0-fe-dia,
patabolotdal antenna for coramunica-
tion with high-aititude satellites. Usuval~
ly one antenna is being used for com-
mand while anothoer is being used for
teleraetry, To -relieve the bucden of
telemetry from the paraboloidal tracks
ing antennas, a dipale array is often
used. All but one siation is cquipped
with an insirumentation radar; {our sin-
tions have the 60-{t.-diz. antennas,

SGLES—By going to a standardized
Space-Ground Link Subsvstem {(SGLS),
SSD hopes 1o reduce the amount of
ground station equipment significantly.
This subsystea will operate at S-ban d
frequencies, to which the military will
smtch by 1970, and will enable the
ground stations to standardize on two
antennas.

The SGLS is made up of the al-
borne equipment and ground statien
equipment required fo handle wiemetry,
racking, and command. Thesz three
{functions are carried over a freque
multspk\ed link, Use of digital tech-
niques is extensive, and includes the
elemetry, where PCM replaces FM/
M. As a result microcircuit construc-
tion tecknigues, uvsing both integrated
circuits and hybrid circuits, can be
apz)iied to the ilight hardware, with
signiticant rudacuoﬂ» io size and weight,
and increases in reliability.

By use of a modular form of con-
striiction, the specific telometry, track-
ing and commuand requiremcats for
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ciry reception, rudar tracking and command end conirol func-
tions: WI'R is now maoving into a wider variely of space activitics.

each of 85D sysioms

can bo built up. Hg&z nodt x}
together and are approximately 7 in.
by 4 in. by 1 in., weighing about 1 1b.
The SGLS also bhas the ambi ity of
transmitiing & number of chaonels
voice, and is expecied to bo used §
Manned Qrbiting Laboraiory. By agres-
ment with NASA, the SGLS is com-
patible with the agency's Unified 8-
Band System on the down link.

TRW Systems Group, coniractor
for the prototype grours! and fight
kardware for the SGLS, has delivered
one sct of grouud equipmeont 1o the
Vandenberg station of the SCF, in-
cluding the PCH ground decomniutator
and ;niezfage unit for the groand sta-
tion’s uompuex. Another sct of ground
equipment, four fiight units and four
bmwhp i“g‘)z units are due 10 be de-
tivered imroinently. The fight-test phase
is likely to be emtered inte fairly
rapidly, to provide information on
which a prodoctice docision can be
based, P!gg) back rides on other mili-
tary space programs will be exploited,

WESTERN TEST RANGE

New ballistic raissile pm\"mms. i~
creased Adr Force unmanned sateilife
operations, and the advent of manned
launches are  leading to  increased
sopbhistication i the suppo
of the Western Test ;{«,r.'c
on_a new modular comm
L
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a_new tracking radar_site_is is_slated for

the M A/IOL Llund.u and _creatly, MD-
prowd instrumentation,. fwcmms are

planned_for. the Eniwetok lagdon .

WTR is in fact becoming less of
an operational Strategic Air Command
launch site and more of a common user
facility for a wide variety of space
activities.

Since much of the new equipment
forescen for the Vandenberg headquar-
ters of the range will be highly auto-
mated, only a modest increase in
personnel is expected over the next few
years.

“There is also a real need to be
able to tie in WTR in real time to the
global network, which calls for pre-
cision timing,” said range commander
Brig. Gen. J. S. Bleymaier.

At sca—The range’s requirements
also are expanding in the open ocean.
There are now 10 ships under opcra-
tional control of WTR. Five are A4pollo
ships and two are satellite recovery
ships based in Honolulu.

“The predominant operation has
changed from SAC operational firings
to space and R&D firings,” noted
Stanley R. Radom, technical director
of Western Test Range. “As a result,
we have had to become more sophisti-
cated in our instrumentation. Whereas
we previously had research and de-
velopment shots confined to the Cape,
there are now space systems and
boosters fired here for the first time.”

“W. have to map rate our_support

ing the same characteristics as thc FPQ-
6. This radar was procured for accurate
tracking of Minuteman and for upgrad-
ing the range in general.

For Atlas and Titan launches, which

LOL Alias an

can carry a suitablc | lrampoq .'.“zTn"X-
band General” FICUic, Kunm, lmckmo
System (GE providcs both irac

1{19) both lmc\-
mﬂ and rate data fox“ ac safcly
TTBECIUSE ot the high tlame attenua-
tion of radar signals expected from the
big solids in the Titan 111-C, the gcome-
try of the radar tracking stations will
have to be altered. For westward mis-
sile launches, FPS-16 radars at Point
Pillar, near San Francisco, and on San
Nicholas Island have circumvented the
flame attenuation problem met by the
Vandenberg radars. For the southerly
MQL, launches_ hpwcver 2 _new . radar

range control officers, one for each pair
of launch operations. This new room
should be in use later this year.

Telemetry—Instead  of expanding
the telemetry station at South Vanden-
berg, WIK AGS cxXpinded the telemet iry
cum?ﬂ""pumtdl by the GS)Stn Test
Wing"TRATS, onc center has bccn cX=
panded 16 "become_a Rax_lm I‘elcmetry
Céntral Tather than fragment the faciio
tics,

"The telemetry central has decommu-
tator units for all range user require-
ments. Also, it has a predetection re-
cording capability using Defense Elcc-
tronics Inc. pre-detection rcc;ivcrs and
translation units. There is a very lares
and_comprehensive b):u,m Tor cxosw

e .. -

e AT e

loop and open looo wsum

s@arwn]_l be needed...,
Computers——There are Umvac 1218

18 ane Fhesc are_coupled to an IB\T
7094 at South Vandenbbro for present

position digiial data and for instantane-

offS” 1mpact  prediction . on West;m
Jaunches and IOT _SOITC soum;rl
lalinches—

By December _the 7094 will be re-
placed by an_IBM_ 7044, which_has
faster access and lar" er storage.ca ‘ngtv
THE other I Jarge computer will_then be

used excluswdv for _post oper'mons
analysis, Tt
provxdps mﬁt"mtm»ous acmusl_tlonmd'\tg,

instrument mmpmj:or MOQL,” he added;
‘we need hmhm rdmb,]xtv and redun-
dancy to avou:i drop-out of critical dam

transmuted at 10 DDS. The present com-_
——r————"
puter does not make use of data irom.

* aliGWs diTect readout during pre
The c;;mml_compwcr._now— closed- looP testing, chicily for ballis xsuc

oif-shore facilitics.

We —are ]ookmo at_the eeometrv_for
manned olar lc.unchgs and revising.Qur
mstrumentanon Dlan Wc nc;d very

A study of the oplimum conficura-
tion for existing and _rfaiire require-
ments tor computers at the Vandcnberg

" dCCUTATe 1mpau predi 1or lh‘c
TirariI=C"boosters and _a <,Q_£;c-&sh<>v

nalil™Y&CoVETy™ ™ ih¢ early phases of

M@Lﬂuvnt

fadom added that WTR was not
likely to duplicate anything at the Cape,
although it is starting to receive certain
types of instruments from the Cape for
use at Vandenberg and in the impact
area.

“We will not go to sophisticated
instrumentation like Mistram or Azusa
and that family,” said Radom, “because
we do not yet have the requirement for
guidance evaluation.”

Slow growth—By a scheme of trilat-
eration, using _ eXisino—Tadars.
tfacking accuracy for both polar and
westward launcms will oe Taised. T {EeE™
pulse Dopler  (CCHATGUIS™Will" be used
t6_further_increase capability. But the
xmpjovement t will [ prOCeed SIOWIV, KT
ing new instrumentation to a mmmmm

~"V'am tracking radars at vanden-
berg are two FPS-16 units on Tranquil-
lon Peak, and a TPQ-18 radar closer
to the pads at South Vandenberg, hav-

Section:

the.

headquarters of W IR suggests. mat a
computer center_servine all rangé re-
quirements by use of a modular centfaf
processor will be_reqguired. A ﬁnal de-
cfSion on this is expected this SUMMET.
Systfm_Development_Corp. has.a.con-
tract to analyze WTR computer re-
quxrements

“Range conirol factors—In the
Range Control Center, the range con-
trol room is currently set up to enable
two launch operations to proceed at
the same time. Simultaneous launch,
however, depends on compatible in-
strumentation on the two missiles.
Within the range control room, the
range control officer provides the single
point of contact betwen the user and the
range. He is responsible for the data
collection by WTR. Responsibility for
flight safety rests with the range safety
officer.

A new range control room under
construction will provide a capability
of four simultaneous launch operations,
having a total of 16 plot boards in the
range safety area. There will be two

IBM Management Summary

venicie. bd
Nspsnacrm————

present " RTC™ 11 <
step.. Fsm’b‘hs’hmmt of a ckm; 11 _com-
putur Laciiity ica
move  the RIC to the. 3 xanm

prowdc sup‘u =
USCr, With indp xmlays for bom
pre-launching checK out and real-tinme
flight ~data, BV locating fne coimpuier
céntral_close to ihe tplcmutry ceniral,
full use of real-time digital readouls
can be made.

A study is in progress to decide on
the final configuration dosirable for tr the
telemetry central. lhe present system
launcﬁ'

e

Programs; BuTiTWIT B¢ c\pandcd cd for
USE T WIS pace o OStErs Tt o, Tot,
however, get (G space payload testing,
as the payload doveioper Has TaciTiids
for 1his.

~~To meet the nceds of Titan III C
launches, a telcmetrv _station is Dcmg»
nfoved to a ridge overlooking.both the

Tew and existing launch sites for the

H

missiles and rockets, May 30, 1966
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ST A’” S: SATELLITES

ICBR Alarm
(Air Force)

MILITARY DESIGNATION: Program
461 (formerly MIDAS)

TYPE: Early warning satellite
STATUS: Has remained in R&D and
led to very successful results and
sensor development

PRIME CONTRACTOR: Lockheed
ORBIT: Orbits of 300-3,000 mi.;
polar; detects and warns of enemy
ballistic missile launches
CONFIGURATION: No

details
available '

'INSTRUMENTATION: Infrared ra-
_diation sensors by Aerojet-General

REMARKS: Was open program un-
til secrecy order of March, 1961;
orbital system concept changed
from one of precise orbits to one
of random orbits; a number of in-
space detections have been made
of both liquid and solid-fueled
ICBM launches; recent successes in
sensor development has lead to
start of a new multiple-purpose
satellite, primarily for early-warn-
ing (Program 266), which will lift
the satellite to synchronous orbit
and move it to operational status.

.

Integrated
Sateliite System
(Air Force)

TYPE: Advanced early warning’

satellite  with some ' secondary
sensing functions on | non-inter-
ference basis; Program 266

STATUS: Pre-development; RFP’s
put out by SSD and at least four
firms are believed to have re-
sponded—Aerojet/TRW as a team,
Hughes, and a Lockheed. teom;
development expected to start in
FY '67 .
CONFIGURATION: Probably - «a
1,600-1,800 Ib. ‘satellite’ for
synchronous orbit to be Iaunched
by Titaa lll. Aerospace Corp.
portedly did much conqepf formu-
lation

REMARKS: Follow-on to Program
461, lifting to synchronous altitude
for optimum ICBM launch detec-
tion, and incorporating’ major’ im-
provements in sensors, communica-

tions links, and. data subsystem.

System probably first of what will
eventvally be a true multiple-pur-
pose satellite incliding early warn-
ing, meteorological, nuclear-detec-
tion and  damage - assessment
sensors. Aiding development is' APL
pro;ecf in which a satellite fest
bed is being developed io obserye

e
BRI

Initial Defense
Communications
Satellite Program
(IDCSP) (AirForce)

" TYPE: Initial military comsat net-
work; primarily for R&D but will
serve operationally, offer' R&D
phase !

STATUS: Parlm”y operahonal

PRIME CONTRACTOR: Philco wbt,
satellites; Hughes will supply 40-
ft. antenna systems for ground
sites and &-ft. antennas for Navy
vessels; Radiation, Inc., 15-ft. high-
ly mobile ground terminal antenna
system )
CONFIGURATION: Series of 24
100-lb. active repeater satellites
placed” in random 18,300-n. mi.-
high circular equatorial orbit in
three launches of 8 satellites each
aboard three Titan HI-C’s. Satel-
lite is spin-stabilized, operates at
X-bond, and will provide a few
channels for global strotegic’ com-
munications

REMARKS: First launch June 16
highly successful; second launch
this fall; 2.3 of fotal 24 will
be gravity-gradient, experimental
satellites; provision also made for
replenishment launch using refined
version of Philco satellite; even-
tually to be repiaced by ADCSP.
IDCSP. and ADCSP will be man-
aged by DCA, with. Air Force given
satellite and booster responsibility,
ond Army and Navy responsible
for respective ground 'and ship
terminal development .

Range Relay
Satellite
(NASA/DCD)

TYPE: Unmanned satellite
MISSION: Tracking satellite net-
work which could replace ex:s‘hng
ground and ship facilities in the
1970's

STATUS: Study

BOOSTER: Undetermined

PRIME CONTRACTOR: None

REMARKS: Both NASA and DOD
are currently enguged in feasibility
studies of the satellite system,
which will probably be a joiit ef-
fort if approved; Lockheed Aircraft
Cerp. and RCA selected in May,
1966, to perform studies of the
NASA concept, the Orbiting Data
Relo‘/ Network (ODRN)

Section: IBM Management Summary

‘gence equupmenf
Kodak >

-orbit. ) ) ) St

SAVIOS o

'(Axr i"orce) )

MILITARY DESIGNATION Progrom

720A

TYPE: Reconnmssa‘nce sutelhle C B

STATUS: Operational

'PRIME CONTRACTOR: Lockheed;
sensors, Eastman Kodak; re- entry. '

capsules, "GE; recovery system,
Avco & Northrop S
CONFIGURATION: Length, 22 ft.;-
diameter, 5 ft.; weight, 4,100 Ibs.

with E-5 cupsule, 3,000 Ibs. with -
E-6 capsule; weights do nof inelude.

enhre Agena stage

’PERFORMANCE Polar " orbit . of "
: 100-300 n. mi.; solar cell puddles

extend operating time ' \4
INSTRUMENTATION: Photo |n1e|h-‘
2y Eus?man

BOOSTER: Atlas- Ageno or Thrusf-
Augmented Thor

REMARKS: System has had hughest

“national priority for recon’ efforts; "
.epparently consists of one launch:

a month; photo equigment aboard |
has 20-day lifetime; processed film>
scanned by TV for ‘immediately-
useful data, then recovered fromw
orbit- for detailed analysis "after’
useful life ends; electronic. eaves-
dropping version, known as Ferret, -
picks up communications and car-

_ries out electronic intelligence; a

successor system, capable of chang-

Jing orbital plane and. altitude on
.command, may have been de-
'veloped; this newer reconnaissance

satellite . would have up to six re-

coverable data capsules or cas-

settes with lifting-body characteris-

‘tics, permitting data recovery

without returning " ertire satellite.
to earth; major effort now is on
developing SAMOS type able to’
function at synchronous ~altitude

y
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Titan [l
(Air Force)

" MILITARY. DESIGNATION: Program
624A

TYPE: Standard space launch sys-
tem

STATUS: Development and flight
testing . )
CONTRACTORS: Martin Co., core
vehicle, airframe and systems in-
tegration; UTC, large solid rockets;
Aerojet-General- liquid rocket pro-
pulsion; AC Electronics, guidance;
Ralph M. Parsons Co., facilities de-
sign; Aerospace Corp, technical
direction

PERFORMANCE: Capable of p(uc-
ing 5,000 to 25,000 lbs. in low
Earth orbits or 2,100 Ibs. in syn-
chronous orbits, depending ion
configuration

:PROPULSION: Core vehicle, two
' liquid rocket engines with 430,000
+Ibs. thrust total; one liquid rocket
engine with 100,000 lbs. thiust,
and two liquid rocket engines with
8,000 Ibs. thrust each; strap-on
“motors of two solid rockets, ebch
120 in. in diameter, generating 2.4
million lps. thrust total and wejgh-
ing 500,000 Ibs. each D

‘CONFIGURATION: ‘Titan {If-A is

core vehicle with new upper
stage; Titan 111-C, currently most
powerful rocket ever launched
by U.S. uses two five-segment
outboard solid rockets; coanura
tion - used depends on mission
purometers; Titan 111-B, @ non-man-
rated’ version, being developed
for satellite launches, “other mis-
sions, uses first two Titan IlI-A
stages minus man-rating electronics
and an Agena upper stage; Cen-

taur also being considered as an .

upper stage possibility; first-launch
planned in mid-‘l966; seven seg-

ment solid strap-on’ version to”

launch 30,000-b, MOL into tow-
“altitude, polar orbit from Western
Test Range; Titan II1-D with 2-3
segment solid. strap-on also ex-
pected to enter development

REMARKS: First flight of Titan 1lI-
‘A, September, 1964; first Titan' ili-
C fight, June 18, 1965; 17 de-
velopment flights planned—4 Titan
{lI-A -and 13 Titan HI-C; Titan
HI-C used to place first eight
IDCSP satellites in orbit June 16,
1966; heavy use seen for MHI-C
“version; follow-on buy planned;
-will be used for future IDCSP,
ADCSP, TACSAT, also for Vela and
synchronous orbit military myltiple-
‘purpose. satellites

Tl tan [l Engines

MANUFACTURER: Aero]et-Generu‘

REMARKS: Titan Il engines used in
modified form; principal changés
are- in upper-altitude capabilities
for the YLR-87-AJ-5 and the incor-
porohon of o malfunction detee-
tion system; both liquid stages
man-rated; first stage re- deslgned
to start either on ground or in
space -and engine efficiency in-
creased ‘to accommodate various
payloads; second-stage operating
time increased beyond Gemini
range; nozzle expansion ratio ex:
pected to be increased and injeq
tor_ design changed for core ve-
hicle \

Titan I
Transtage

MANUFACTURER: Aerojet-General
PROPELLANTS:  Storables—nitro-
gen tetroxide, Aerozene-50
START SYSTEM: Gas pressurized
system

IGNITION: Hypergolic
WEIGHT: 228 Ibs.. each
RES_TARTS: Unlimited
AREA RATIO: 40:1
THRUST: 16,000 ibs. 'total—8,000
Ibs. from each of the twin barrels
REMARKS: Capable of start/stop
operation in zero-g environmen};
engine has ablative chambers and
titanium exhaust skirt; engine is
slated to provide orbital changes
for Titan 11! payloads

'
]

Titan H1-C . -
Staging Rockets

MANUFACTURER: United Technol
ogy Center -

PROPELLANT: PBAN wnh ulum‘
num additives and ummomum
perchlorate oxidizer

NOZZLE MATERIAL: | Composi'e .

structure with aluminum housing,
asbestos phenolic exit cone - and.
graphite throat

DIMENSIONS: 5 ft. long, 6 in.
wide ‘
THRUST: 4,500 Ibs.
DEVELOPMENT  STATUS: Flight
tests under way )
REMARKS: Each Titan [1i-C booster
motor carries eight staging rock-
ets for separation from the Titan
I-C core after burnout

Section: IBM Management Summary
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Titan B
Transtage
Attitudle S
-Control System

MANUFACTUR[R Rocketdyne
MANUFACTURER’S NUMBER: SE-
9 (covers system of eight smoll en-
gines for attitude control and ul-
lage)

 PROPELLANTS: Nnrogen Ietroxnde,
monomethyl hydrazine
COOLING: Ablutive

THRUST: 25 Ibs. and 45 Ibs.
REMARKS: System composed of
positive propellant  tanks,. pres-
surizing system and eight engines;
four engines develop 25 Ibs. thrust
and four reach 45 lbs. thrust

Titan e
Boosters '

- MANUFACTURER: United Technol-

ogy Center

MANUFACTURER’S NUMBER: 1205
PROPELLANT: PBAN with alumi-
num additives and ammonivm
perchlorate oxidizer

NOZZLE MATERIAL: Steel with
graphite cloth-phenolic and silica
cloth-phenclic exit cone liner
DIMENSIONS: 92 ft. tall; 10 ft.
dia.

WEIGHT: Approximately 500,000
lbs.

IGNITION: Small solid rockets

AVERAGE THRUST: More than
1,000,000 Ibs.

~BURN TIME: About 110 sec.

STATUS: In flight test

REMARKS: Each Titan HI-C carries
two 1205 motors; each motor
consists of five center segments,
two end closures, nozzle, nose
cone, thrust termination and de-
struct system, and secondary lig-
vid injection TVC; in addition to
five-segment Titan 1il-C configura-
tion, the 120-in.dia. motors can
be vsed in one- to seven-segment
versions

1echno|o§y week, July 25, 1966 .

7/29/66




Nucliear DRetection
Satellite

(ARPA) e

TYPE: Detection-satellite system for
nuclear explosions in space; for-
metly Project Yela
STATUS: Operational and develop-
ment
PRIME CONTRACTOR: TRW Sys-
tems; Los Alamos Scientific Labora-
tory, Sandla Llab., Aerospace i
Corp., paylead
PERFORMANCE: Operational sys-
tem would consist of three satel-
lites in one orbital pfane with
three more in a plane 90 degrees
from . the first; orbital altitude
. 60,000 n. mi.; can detect x-rays
- from o one-megaton nuclear explo-
- sion at a distance of 3 x 10° km;
“also has other detection equipment
for gamma ray detection and com-
plex memory logic

FRAME: Six satellites already
launched were 20-sided for max-
imum coverage; weight, 500 Ibs,;
maximum in dimension, 40 in.;
two new, 750-b., 26-sided de-spun
satellites, with attitude contro! will
be launched in December

BOOSYER: Atlas-Agena B; Titan M-
C for final pair
REMARKS: Initial pair of satellites
were launched Oct. 17, 1963, in
tandem ond placed in virtually
identical ‘near-circular orbits; final
positions were such that a constant
separation of 100,000 mi. is main-
. tained; 4 additional pairs of satel-
lites were modified so as not to
duplicate first launch data and ] .
second poir of nuclear test detec- : i
tion” satellites was launched July NUCLEAR DETECTION SATELUITE
17, 1964; third pair launched July . :
20, 1965; last pair to be Jaunched _
in December; highly successful pro- . C
gram to date; data from first four technology week, July 25, 1966

rioy e e

satellites deteriorating now; third
pair still performing well; event-
vally nudets sensors will be in-
cluded in multiple-purpose satel-
lites  * . - . : .

I

> McDonnell is working on 2 land landing design for the Gemini space- .
_craft, probably for the Air Force manned orbiting laboratory (MOL) Gemini
B model. All fundamental design work has been completed for the final two !
- National Aeronautics and Space Administration Gemini spacecraft.

" AVIATION WEEK & SPACE TECHNOLOGY, July 25, 1966

.

'
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MOL Progresscs

USAF Secrecy

Washington Roundup

Air Force’s Manned Orbiting Laboratory (NOL) is moving quictly but quickly
toward its first test launch, now scheduled for Oct. 28 from Cape Kennedy, MOL will
start carrving men in space in 1969. ’ .

MOL backers must still forestall the White House budget cutters in sessions now
under way on the Fiscal 1968 budget. But, after years of being stymied, MOL at last
appcars well on its way. Gen. Bernard A. Schriever is telling friends he would not have
decided to rctire as head of Air Force Systems Command if MOL’s future was still in
doubt. He leaves the service Aug. 31. : '

Martin/Denver is assembling at lcast 10 experiments to be flown on this first MOL

~ test mission. The cxperiments—some directly related to the MOL program and others

indcpendent engincering measurements—will be placed in a Titan 2 oxidizer tank be-

" tween MOL’s modificd Gemini capsule and its Titan 3C launcher.

The opcrational MOL will consist of Gemini connected to a can-shaped laboratory.
Air Force astronauts, while orbiting in space, will go through a door in the Gemini heat
shicld to rcach the laboratory. A door has been cut in the Air Ferce's test Gemini
capsule to be flown in October, and the test will show if the door in the heat shicld
presents any dangers to the men in the capsule during re-entry (AW&ST Apr. 19, 1965,
P- 26). The capsule will go into space and immecdiatcly re-enter; the tank will go into
orbit and transmit data from the experiments.

To the distress of Air Force space enthusiasts, these and other details about MNOL
are being suppressed. The Air Force’s secrecy policy on MOL has even kept the scrvice
from revealing that onc of its astronauts—Maj. Michacl J. Adams—recently resigned to

- enter the X-15 program, and led to a tight-lipped policy on routine hardware details.

Actually, the Air Force plans to finish ncgotiations for its MOL hardware in Scp-
tember. This close deadline probably means the Air Force will award United Technology
Center a sole-source contract for the scven-scgment, strap-on solid motors which will be
used on Titan 3 in its configuration for MOL operational launches. No compctition
for these motors has been announced. The solid motors will give Titan 3M the extra
capability it nceds to compensate for MOL’s weight gain—from 20,000 Ib. originally

L to 33,000 1b. now.

AVIATION WEEK & SPACE TECHNOLOGY, July 18, 1966

Johnson Signs DOD Bill

President Lyndon B. Johnson has
signed the FY 1967 DOD authorization
bill covering Defense Dept. research
and development funds. Action came
the day after Congress cleared the bill
July 12,

The bill totals $17,480,759,000. This
is $337.3 million less than the House
authorization, $310.7 million more than
the Senate version and $553.8 million
more than the bill as it was presented
to the Congress by the President.

The conference bill provides $7.04
billion for RDT&E, the remainder for
procurement. Tncreases in RDT&E in-
clude $50 million for the Manned Orbit-_

tng Laboratory, $26.6 million for Con-

dor, and $5 million for the Deep Sub-
mergence Systems Project.

Language in the bill regarding the
MOL and funds for the Advanced Man-
ned Strategic Aircraft directs that these
funds are not to be used for any other
purpose.

Section: IBM Management Summary

less than was called for in the total planned FY ’67
Aerospace Corp..budget of $75.2 million. To meet this
cutback in funds, a portion of the MTS had to go. Aver-
age MTS salary in 1965 was about $17,760; those now
leaving probably average $15,000. Program offices at
the corporation are said to be upset by the staff reduc-
tion, which they feel will make their job more difficult.
Supporting. staff will also be cut, by a number yet to be
determined., Technical staffers who were laid off werp”
given one month’s notice and one month’s severance

pay.’

" IBM Confirmed as MOL Subéysfem Winner

Douglas Airqraft Co., prime contractor for the Air
Force’s Manned Orbiting Laboratory, has confirmed the
CouNTpowN report (TW, June 27, p. 3) that Inter-

. national Business Machines Corp. has been selected for

development of the data-management subsystem for
MOL.

technology week, July 18, 1966
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IBM CONFIDENTIAL

Section 1

INTRODUCTION

1.1 MANNED ORBITING LABORATORY MISSION

MOL is the Department of Defense's (DOD) experimental orbiting
lab oratory for determining the military effectiveness of man in space. It is
the outgrowth of several studies previously undertaken by the Air Force and
NASA and will undoubtedly be the prime DOD effort in space for the next

several years.

Although final funding has not been determined, it was initiated with approxi-
mately 1. 5 billion dollars, of which approximately 150 million is allocated
for Fiscal Year 1966, The experiments planned for MOL are oriented
towards military objectives and what man's contribution can be in space
towards the military mission; as such, the experiments will, for the most

part, be under security classifications.

NASA's efforts in space have been oriented toward civilian scientific

achievements and the ultimate landing of a man on the moon.

There will be a high degree of co-operation between the Air Force and NASA
in order that costs be held to the minimum and that advantage be taken of
technological advances. In order that the MOL Program may move ahead

rapidly and economically, the Air Force plans to use as much of the ''State-

Section 1.0 Page 1
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of-the-Art'" equipment as possible. A modified Titan MI-C will be used as
the booster and a modified Gemini spacecraft will be used to house the
astronauts during launch into orbit and re-entry back to the earth. The al-
ready established Satellite Test Annex at Sunnyvale and its associated
Satellite Tracking Stations located around the world (together called Satellite
Control Facility) will be modified as necessary for mission control and the

control of experiments to be undertaken.

The Air Force also has "in-house' many of the capabilities needed for MOL
which were developed for and with NASA in the past. Such facilities as
Brooks AFB, Texas, have been instrumental in medical research related to
the astronauts' well-being while entering into space,\ during mission and sub-
sequent safe return to earth, Facilities of the Eastern and Western Test
Ranges, where abundant capability already exists from previous space
programs, will be used to launch, track and control MOL, The astronauts
will be trained at the Air Force Aerospace Research Pilots' School at

Edwards AFB,

Basically, MOL is a modified Gemini with a sma;ll housetrailer-sized
laboratory module attached to it. When adapted to the Titan II-C booster
and poised on the launch pad, the MOL vehicle will be about 153 feet high.
The Gemini/canister payload will measure 54 feet, with the canister
(laboratory) itself having dimensions of 41 feet long by 10 feet in diameter

and a weight of 19, 000 pounds. The laboratory will have two compartments

Section 1.0 Page 2



IBM CONFIDENTIAL

approximately equal in size. One compartment, which is to be pressurized,
will house life-support systems providing a shirt-sleeve environment for
the MOL's two-man crews. The unpressurized compartment will contain

instrumentation and power supply. (see figure this section)

Entry to the canister section from the attached Gemini capsule, in which the
crew will ride into orbit, will be provided through an access hatch in the
Gemini heat shield. Present concept calls for the two-man crew to remain
in the approximately 1, 000 cubic foot laboratory for the entire 30-day stay

in space, keeping the Gemini section in a standby condition, poised for the
return to earth at the end of a month, or earlier, if necessary. Re-entry from
orbit will be accomplished by landings on water, using similar techniques

presently employed with Gemini.

MOL orbits may have altitudes considerably higher than previous manned
flights. Estimates to date indicate that they may reach 350 nautical miles.
When launched at WTR, MOL can be inserted into orbit with inclinations
ranging from 65 to 90 degrees, Any equatoriai-type launches would be made

from Cape Kennedy.

1.2 PRIME CONTRACTORS FOR MOL
The Douglas Aircraft Company was awarded the prime contract to
develop and build MOL, While launches of a fully equipped MOL, will not

be until late 1968, several unmanned launchings will occur in late 1966 or
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early 1967, A total of five flights by two-man crews are currently scheduled.

The General Electric Company has been chosen as prime contractor to plan
and develop MOL space experiments. Although the experiments have not

been revealed,both for reasonsaf security and final definition, they are
thought to involve such things as visual definition of objects in space, visual
definition of terrestrial features, radiation measurements, ocean surveillance,
erection of large antennas in space and experiments in the use of large

telescopes.

1.3 PROGRAM MANAGEMENT

The implementation of the MOL Program will be directed by the Space
Systems Division of the Air Force Systems Command with Aerospace
Corporation playing a major role in general systems engineering, technical
direction and overall technical management of systems and subsystems. MOL
funding will be obligated from SSD in the specific areas of launch vehicles,
ground equipment, launch pads and other facilities. Other tasks to be
carried out by these two organizations are system procurement, integration,

design, development, test, evaluation and mission operations.
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Satellite Control
Facility
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MAP OF CUSTOMER LOCATIONS

(MOL Related)

Martin Company

Denver, Colo.

L.ockheed Missiles
& Space Corp.

Sunnyvale, Calif, ®

Test Range
Lompoc,Calif,

Aerospacé Corp.
&

USAF Space Systems Div
Los Angeles, Calif.

Philco Corporation
Palo Alto, Calif.

®—— FEdwards AFB, Calif.

Systems Development Corp.
Los Angeles, California

Douglas Aircraft

1 adedg

Los Angeles, Calif.

cDonnell Aircraft Co.
St. Louis, Mo.

Eglin AFB,
Florida

Aerospace Medical Division
Brooks AFB, San Antonio, Tex.

-

s

USAF Electronics
Systems Division
Hanscom Field, Mass.

'\General Electric
Valley Forge,Pa

{

USAF Systems
Command Hdq.
Andrews AFB,
Maryland.

USAF Eastern Test
Range
Cape Kennedy, Fla,
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MOL PROJECT OFFICE PERSONNEL

Tie Line from the East: 8/153 +

Area Code 213/670-8350

DPD

e

Name

C. B. (Charlie) Brown

T. M. (Ted) Charbonneau

K. I. (Ken) Friedman
K. A, (Ken) Gajewski
W, B. (Bill) Gibson
R. C. (Bob) Heath
R. G. (Bob) Krause
M, B. (Mort) Needle
J. H. (Jay) Priday

T. H. (Tom) Sawyer
FSD

R. A. (Roger) Bieberich
R. V. (Rip) Coalson
W. C. (Will) Derango
D. A. (David) Fuchs

J. E. (Jim) Hamlin

F, M. (Fred) Kayser
D. A. (Don) Lee

J. J. (Jim) Selfridge
G. D. (Jerry) West

B. P, (Bert) Whipple

F. H. {Fritz) Woelffer
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776-3931

Ext.

649
465
259
466
646
466
258

465

Lompoc 805/RE6-7594

245

396
396
486

486

412
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Home Phone

213/363-4722
213/323-3456
213/894-8729
213/671-2774
213/E15-9131
213/HI6~7605
213/378~0957
213/789-5359
805/937-3316

213/372~6091

213/671-6448
213/823-2307
213/456-6812
213/348-3949
213/823-1588
213/456-6812
213/348-0438
213/GL4-5622
213/395-4491
213/346-5691

No Home Phone
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IBM CONFIDENTIAL

Map IBM Branch and
Index No. Customer Location Region Marketing Manager.
3.0 USAF Systems Command GEM Air Force Programs
Andrews AFB, Md. J. W. Richardson
3.1 Aerospace Corporation GEM Westchester
Los Angeles, California H, G, Hoyt
3.2 Space Systems Division GEM Westchester
Los Angeles, California H, G, Hoyt
3.3 Satellite Control Facility GEM Westchester*
Los Angeles, California H, G, Hoyt
San Francisco#*
H, W, Funk
3.3.1  Satellite Control Facility GEM  Westchester
Remote Tracking Stations H. G. Hoyt
Los Angeles, California San Francisco¥**
H., W. Funk
3.3.2 Satellite Control Facility GEM Westchester*
Bird Buffers H. G, Hoyt
Los Angeles, California San Francisco¥*
H., W, Funk
3.3.3 Satellite Control Facility GEM Westchester*
Computation Support Equipment H. G. Hoyt
Los Angeles, California San Francisco¥*
H, W. Funk
3.4 National Range Division GEM AFSC Programs
Washington, D, C. B. Bruns
3.4.1 Western Test Range GEM Westchester
Vandenberg AFB, California H. G, Hoyt
3.4.2 Eastern Test Range GEM Cape Kennedy
Cocoa Beach, Florida W. O. Robeson
3.5 Edwards Air Force Base, GEM Riverside
Edwards, California J. F. Bales

*  Procurement through SSD,
*% Account Support.

Section 2.0
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Map IBM Branch and
Index No. Customer Location Region  Marketing Manager.
3.6 Aerospace Medical Division WRO San Antonio
Brooks AFB, Texas J. R. McSween
3.7 Eglin Air Force Base, ERO Mobile
Eglin AFB, Florida w. C, Stiefel
3.8 Wright-Patterson AFB GEM Dayton
Dayton, Ohio B, O, Evans, Jr.
3.9 Electronic System Division GEM Boston GEM
Cambridge, Massachusetts P. H. Bradley
4.1 Douglas Aircraft Company WRO L. A, Scientific
Los Angeles, California C. D, Thimsen
4.2 General Electric Company ERO Philadelphia
Valley Forge, Pennsylvania R. J. Dougherty
5.1 Martin Company WRO Denver
Denver, Colorado N, H, Hawkins
5.2 McDonnell Aircraft MRO St. Louis
St. Louis, Missouri D. C. Tobin
5.3 Philco Corporation WRO San Jose
Palo Alto, California E, H, Dohrmann
5.4 Loockheed Corporation WRO San Jose
Sunnyvale, California E, H, Dohrmann
5.5 Systems Development Corpn. GEM Westchester
Santa Monica, California H. G, Hoyt
Section 2.0 Page 3
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REGION:

DISTRICT:

BRANCH MANAGER:

DP SALESMAN:

SYSTEMS ENGINEER:

FSD REPRESENTATIVES:

OTHER IBM PERSONNEL:
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IBM CONTiDENTIAL

HQ Air Force System Command
Andrews Air Force Base
Maryland 20331

Phone: 301/981-9111

GEM

Defense Programs

R. A, Simms - AF Program Director
J. W. Richardson - Program Mgr.

J. W. DeBlasi

Gene Lokey

R. Strang
W. McGentry

R. G. Taurence - Mktg. Rep. SPOs
R. P. Bruns - Mktg. Rep. Ranges
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IBM CONFIDENTIAT,

AIR FORCE SYSTEMS COMMAND
Headquarters, Andrews AFB, Md.

~ Gen. B.A. Schriever, Commander

AF Flight Test Center
Edwards AFB, Cal.
Brig.Gen. I.L. Branch

Aerospace Medicai Div. ] Air Proving Ground Center]! Electronic Systems Div. Ballistic Systems Div
Brooks AFB, Texas Eglin AFB, Fla. Hanscom Field, Mass. Norton AFB, Cal.
Maj.Gen.T.C. Bedwell,Jr! Maj.Gen. J.E.Roberts Maj.Gen.J.W,0O'Neill Brig.Gen.H.J.Sands,Jr
National Range Div. .

Andrews AFB, Md.
Lt.Gen. L.I. Davis

MOL Directorate Space Systems Div. Acronautical Systems Div,
Vice Director Deputy Dir. ’ Los Angeles, Calif. Wright-Patterson AFYB, Ohio
Pentagon,Washington,DC  SSD, Los Angeles ‘ Maj.Gen. B.I. Funk Maj.Gen. C.H. Terhune,Jr.

Brig.Gen.H,L.Evans

Brig.Gen.R,A.Berg
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RANKING AFSC PERSONNEL WITH MOL INFLUENCE

General B, A. Schriéver - Commander AFSC, Director of MOL.

Became Commander .of ARDC, Later redesignated Air Force Systems
Command, in 1959. As head of the AF Ballistic Missile Division, he
directed the massive USAF ICBM R&D program. Relies heavily uson

Aerospace Corporation engineering support.

Dr. Mike Yaramovych - Technical Director for MOL, Dr. Yaramovych
is assigned to NASA bui has been on loan to the Air Force for over a year.
He was originally assigned to General Eyans' staff when General Evans
assumed the position as Director of the MOL project. He will probably
remain with MOL during its lifetime, or at least until the program is well

under way. He is pro-'IBM and has worked with us on previous projects.

Brigadier General Evans - Deputy Director of MOL, " Prior to assuming
this position, General Evans was director of development under General
Ferguson. During the source selection and evaluation procedures, General
Evans was Commander of the MOL project - General Schriever was later

moved in over him as MOL Director.

Section 3.0 ' ‘ Page A/2
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Brigadier Russ Berg - Director of MOL SSD. Prior to assuming tai

n

post, General Berg's only participation in MOL was in the source
selection and evaluation procedures. During the past he has been primarily

associated with AF ""Dark’ projects.

Lt. General J. Ferguson - Deputy Chief of Staff for R&D, AFS. Early
in the MOL program, General Ferguson and his staff participated in the
initial planning. Now that the project is established, it does not appear he

will provide further assistance.

Colonel William Brady - Assistant Director of MOL, SSD, Colonel
Brady was director qf the MOL project in its conception. Prior to that, he

was associated with Advanced Technical Groups at SSD, He has a long history

- of R&D Program activity.

Brigadier General Kronauer - DDR&E Ranges. General Kronauer has
been associated with range business over the past 8 to 10 years. Before
becoming Rarfge Commaﬁder for DDR&E he was s’taﬁ" to General Paul
Cooper. He interviewed with IBM in Washington when he was contemplating

retirement.

Brigadier General Martin - General Martin has been associated with AT
"Dark' projects for several years. He will probably have considerable input

in the MOL payload area. Will also dictate security requirements,

Section 3.0 : : Page A/3
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Major Don Floyd - General Evans' staff. Major Floyd has visited the

IBM Owego and Washington facilities. He was previously staff to General
Ferguson and prior to that in a special group under MacMillan. He has

had meaningful input to the MOL' program in tﬁe course of his responsibilities

in crew selection and experiments.

George Hess - Chief Scientist, technical director for MOL and NRD for

General L. I, Daves Commander National Range Division.

Colonel W, R. Hedrick,Jr. - Director ovaF Satellite Control facility.
Directly responsible to the Undersecretary of the'Air Force, Dr. Paul, for
the operation of the SCF in Sunnyvale and its remote tracking stations. Reports
administrativé to Major General B.T. Fuﬁk, Commander SSD, Pro-iBM, Will

actively manage configuration and operation of SCF in support of MOL,

General J. Bleymaier - Commander WTR, Formerly associated with MOL

project in AFSC, Will dictate WTR systems support for MOL,

Section 3.0 - | Page A/4
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In order to strengthen its research and development effort, the Air
Force activated the Air Research and Development Command (ARDC)
on January 23, 1950. Most of the Air Force's technical resources,
scattered throughout a half dozen commands, ‘were transferred to
ARDC, which assumed responsibility for the research and development

phase of new weapon systems.

On April 1, 1961, ARDC bbecame the Air Force Systems Command
(AFSC) with the responsibil;ity for research, development, production

and prOcurement of all considera‘ciéns involved in piacing a complete
aerospace systemv in operation. The Command assumed all former ARDC
functions, facilities and personnel, except those involved in basic
research., It also incorporated the ﬁécessary procurement personnel

and their contract management regions in order to place complete

weapon systerhs management control under AFSC . . . . . . irom initial

development to delivery to operational commands.

Section 3.0 Page B/1
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B. 1. Background

The Air Force Systems Command will manage MOL for the Air Force who has been
designated by the Department of Defense to manage MOL. More specifically the Space
Systems Division of AFSC will manage MOL, and coordinate MOL policy decisions through
AFSC, USAF and DOD.

The Systems Command has gained considerable experience in Space projects
through operation of the missile Ranges at Pairick AFB and Vandenberg AFB, and the
Satellite Control Facility under Space Systems Division.

B. 2. Equipment installed at HQ AFSC includes IBM 1410 used in command data manage~
menf.  This system and a Honeywell 800 for major command date systems work is managed
by the Comptroller organization. DCS/C manages a network of 1410s at AFSC Bases.

Section 3.0 Page B/2
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CUSTOMER NAME: Aerospace Corporation,
| ‘ Inglewood, California

REGION: GEM

DISTRICT: Western
BRANCH: Los Angeles, Westchester
BRANCH MANAGER: Skip Hoyt

ACCOUNT MANAGER: Ed Chappelear

DP SALESMAN: Bob Fairbanks,
'~ Bob Krause,
- Bob Ciler. .
FSD REPRESENTATIVE: Johnny Jones,

Jim Selfridge,
.~ Glen McClure.
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SATELLITE SYSTEMS DIVISION

2260

SATELLITE CONTROL DIRECTORATE

J. A, Marsh X85162
GROUP DIRECTOR

Yuri

ADMINISTRATION & TECHNICAL
SUPPORT SERVICES

Tanaka X85162

8 November 1965

TECHNICAL STAFF

H. H. Jensen X8T7s5LL _
Marion Brownsberger X8754L

J. L. Chambers X87779

C. M. Beyer X87u38

Lenora Martinez

X8T438

B. M. Collins X87779
R. L. Hayes X8T75Lk

Lorraine Dinwiddic

ABTTT9

2261

226

DATA SYSTIMS OFFICE

ANALOG SYSTEMS OFFICE

V. Wnite XBTL36

Director

G. J. Bonelle X8750k4

Assistant Director

— ' Rhea Disrud’ X87L36

Control & Display
. T. J. Carr, Mgr. X85780

H. J. Tye XB85780
F. J. Zampino X86710

Orbit Determination
R. D. Brandsberg, Mgr. X874L8
Liz Provence X8T74l8

R. W. Day X8l027
D. Saadeh X852T7L

.

Digital Systems _
G. J. Hansen, Mgr. X87526
Ginni Thompson X87526

R. R. Arndt X87529
R. W. Baker XB85696
S. J. Long XB85559
H. M. Reynolds X85392

Data Equipment
E. A. Ragland, Mgr. X8ThLk
Vicki Hawks XBT7h4l
Benison Y861.77
Berri X8T565

Ritzlaff X85497
Tillman XB6634

E. J.
R. E.
E. E.
J. L.

. Barbara Ward X8750L
J. Machlis X85809

SGLS

W. F. Tackett, Mgr. X85330
Betty Roach X85330
R. K. Moss X85330
H. R. Sigler ,X8533C
TT&C Systems
D. D. Stevenson, Mgr. X85334
LaDeana Young X85334

M. C. Ackerman X876T70
C. S. Hofr X8T668

J. A. Jackson X8T673
H. H. Ross X8T6T1

F. T. Sinnott X87672
J. T. Thompson XBT669

Joyce Brazee X8T7666

SCF Configurations
U. C. Nolte, Mgr. XB85336
Florence Cloud X85336

J. R. Fleury XB7855
L. S. Preston X86302
R. P. Reimcrt X87512

226

REQUIRIMENTS OFFICE

R. k. Colander X8T7s542

Director

Dottie Allen XB7542
C. E. Daniher XCT7L5T

Program Requirements A

R. H. Scott, Mgr. X87LLo
Ann Veto X8T7LL4O

L. Black X87524
L. Gentry X87520
H. Halpern X87521
G. Morton XBT7522

Program Requirements B

E. L. Spalinger, Mgr. X8T4k2
Carol Freeman X8Thu42

G. P. Buck X8TuL50
T. H. Hedene XBT7525
F. A. O'leary XB8T7859

- Implementation

W. F. Arndt, Mgr. X87uS4
Doris Bowman X8T4S4

Comyns X87452
James XBT458

R. F. Mandich X8 hZ%
C. M. Nakamura X8T7460
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The mission of Aerospace Corporation

TYHE MISSION of Aerospace Corporation is a broad
Tonc. Working with the Air’ Force, the corporation
takes part in planning advanced missile and military
space systems, directs and supervises their development,
and participates in test launchings. In effect, Aerospace
Corporation’s responsibilities range from the idea or
concept in the mind of the scientist through the count-
down at the missile range to successful demonstration
of the system.

Aerospace Corporation was incorporated under the
laws of the State of California on June 3, 1960.

The establishment of the corporation was predicated
on the need of the U. S. Air Force for top scientific and
engincering competence to provide advanced planning,
general system cngineering, and corresponding tech-
nical direction or supervision of advanced ballistic mis-
sile and space programs. To assure objectivity in all its
relations with government and industry, the corporation
was established as a not-for-profit, public-service insti-
tution.

The concept represented by Acrospace Corporation
was reccommended in the “Eleventh Report by the
(House) Committee on Government Operations,”
based on a study by the Committee’s Military Oper-
ations Subcommittee and dated September 2, 1959,

Shortly after, the Sceretary of the Air Force requested
a management study committee headed by Dr. Clark
B. Millikan of the California Institute of Technology to
review the management of Air Force ballistic, missile
and spacc systems programs. The committce recom-
mended establishment of a new non-competitivé organ-
ization to replace Space Technology Laboratories, Inc.,
in providing assistance to the Air Force in the manage-
ment and direction of missile and space programs.

This is how Aerospace Corporation was born. Head-
quarters for the new organization were set up in a
modern research and development center located in
El Segundo, Calif., adjacent to Los Angeles Interna-~
tional Airport.

Technology advanced by leaps and bounds after

Section 3.1
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D. D. WHITCRAFT, Jr.

Director of Government Relations,
Aerospace Corporation, El Segundo, Calif.

World War II. Designers and builders of aircraft and
missiles were coping with systems far more complex
than cver before. The Air Force recognized that new
and improved management mcthods should be formu-
lated if its ballistic missile program were to proceed at
the urgent pace required for national defense. To assist
in the management of ballistic missile projects, the Air
Force in 1954 utilized a new approach—a private con-
tractor as a system cengincer and technical direcior over
NUMErous associate contractors.

Development of the required missile systems sooner

than anyone had dared hope, and performance that

exceeded the original design specifications, proved the
basic soundness of this new technical management
approach.

However, by 1959 it appeared that perhaps retine-
ments could be made in the Air Force's technical man-
agement approach. The organization providing the tech-
nical assistance was owned by a profit-making firm. In-
dustry—those companics which sought the job of
building ‘missile and space systems and subsystems—
questioned the objectivity of the Air Force's systems
cnginecr.

Objectivity In this case mecans absolute fairness and
impartiality in dealings with both the government

‘and industry. Reccommendations concerning contract

awards, for instance, must be based solely on contrac
bidders’ competence to handle the job."No p;rsoml
financjal interest in the job should sway the systems
engineer’s decision. It was because the system engi-
necring organization was owned by a profit-making
corporation—which conceivably could wield influence
for its own benefit—that industry at large was moved
to object to the privilege of a potential competitor.

Page A/1




To safeguard objectivity, it was decided to form a
not-for-profit organization, with no stockholders to
appeasc or dividends to carn—an organization whose
only reason for being was to serve the government, an
organization in which every UL S. taxpayer was a “stock-
holder.™ As a further step in assuring objectivity, the
organization would engage in no manufacture or pro-
duction. This organization is Acrospace Corporation.

Acrospace Corporation performs its work under
contract with the government—oprincipally the Air
Force. Its technical work is divided into three main
categories of cffort: systems resecarch and planning,
technical program operations, and laboratory opecra-
tions.

The scientists and engineers engaged in systems re-
search and planning channel their talents to planning
for ballistic missiles and space systems, working as a
tcam with the Air Force. This effort is devoted to as-
sisting the Air Force in conceiving advanced weapons
and military space systems and preparing initial general
specifications. Included in this effort fis the technical
cvaluation of proposals submitted by industry for such
new systerms. The objective for this operation in essence
1s the translation of military requirements into concepts
of military systems to fullill those requirements. This is
called advanced systems analysis, planning and initial
systems engineering.

In the arca of systems rescarch the corporation is
currently conducting study projects related to advanced
ballistic missiles, orbital interceptors, manned satellite

~ maintenance vehicles, low-cost spdce launching systems

'and recoverable satellites, and is conducting other
studies involving advanced technology.

Technical program operations take over where sys-
tem rescarch and planning leaves off. Supposing for
example, that initial systems-cngincering cfforts have
resulted in a concept of an advanced satellite system for
which the Air Force has a requirement. So the concept
can be converted into hardware, contracts have been
awarded to industry to build the system. Technical
program cflorts are dirccted toward assisting the Air
Force in the technical management involved in the
actual development of the space system. In most cases,
Acrospace Corporation performs what is called gencral
systems engineering.

This might be the time to discuss briefly what is
meant by systems engincering. Basically it concerns the
operations involved in developing a complex system
usually requiring the integration of a number of rel-

Section 3.1

atively complex subsystems, each of which may concern
a different branch of technology. General systems en-
gineering, that portion of systems engincering which
Acrospace Corporation performs, deals with the overall
putting together of u system. It involves design com-
promises between subsystems, such as deciding that the
cngines must be bigger because the payload cannot be
smaller, or that the payload must be smaller because
the engines can’t be larger. Analysis of subsystems secks
to find if anything can give to make the system better,
cheaper, or more reliable. Recognition and definition
of how the subsystems fit together to form a whole
system constitutes a part of the process as well as super-
vision of system testing. All these are conducted to the
oxtent required to assure that system concept and
objectives are being mect in an economical and timely
manner. In order to fulfill its general systems engi-
ncering  respongsibilities, the corporation technically
directs the associate contractors working on the pro-
grams.

Page A/2




C

Detailed systems engincering, the actual detail work
of engincering the system, is normally the responsibility
of the industrial contractors. Acrospace Corporation
does not intend to get into the detailed systems engi-
ncering, although it is rcady to lend assistance to the
contractor when required. It may be given responsibility
for detailed systems enginecring in special cases where
approved by the Sccretary of the Air Force.

Aerospace Corporation is concerned with nearly the
entire spectrum of Air Force space systems, Work in the
missile arca includes a mobile, mid-range ballistic missile
(MMRBM) system. In addition to Air Force-funded pro-
grams, the division supports several missile-space
programs of other government agencies in which the Air
Force has responsibility. On the Mercury program, for
example, the Corporation works with the Air Force in
supplying to NASA the Atlas launch vehicle. Tt also per-
forms general systems engincering on the Titan I1 booster
for Project Gemini. follow-on to Mercury, and on the
Titan ITT space booster program.

At Acrospuace Corporation, luboratory research oper-
ationy arc conducted in two general areas:

1. Research and experimentation aimed at assisting
the corporation in its systems rescarch and technical
program operations; and advancing the state of the art
in areas critical to achieving continuing scientific prog-
ress.

2. Applied rescarch program management to assist
the Air Force in the management of its applied rescarch
programs being performed by industry under Air Force
contracts. ' '

The corporation is involved currently in a number of
laboratory rescarch projects. Chemical, nuclear, and
electric propulsion are being studiced. In the ficld of aero-
mechanics, study work is under way concerning winged

Section 3.1

and ballistic reentry configurations: simulation of hyper-
sonic flight conditions using a hypersonic shock tunnel:
arc tunnel experiments to measure heat ransfer rates of
various materials which might be used for reentry appli-
cations; and ionized gas studies. In materials research,
investigations arc being made into solid state physics,
materials, structures, and environmental effects on mu-
terials. In electronics, rescarch is being conducted in
advanced solid state circuits for space communications
and detection systems, rescarch in electromagnetic and
communications techniguces, and in attitude and position
sensors and controls. In space physics, the corporation
is performing studies of the atmosphere, the radiation
belts, and solar and stellar radiation.

As the foregoing indicates, during its brief existence,
Acrospace Corporation has become deeply involved in
the nation’s missile and space programs. In September
1962, total employment reached approximately 4,000
persons, nearly 1,400 of whom were scientists and engi-
neers working in three technical divisions. In addition,
construction was underway on facilities to house the
Acrospace Corporation San Bernardino Operations
which was established in June 1962 to provide technical
support of advanced programs of the Air Force Ballistic
Systems Division which had moved to Norton Air Force
Base near San Bernardino, California.
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General Bernard A. Schriever, USAF Systems Com-
mand (AFSC) commander, before the reorganization
of the Air Research and Development Command, com-
mented on the urgent neced for such a reservoir of
trained personnel:

“l am frequently asked, ‘Wouldnt the Air Force
prefer to handle the integration of systems itsclf as an
in-house job?’ I do not want to minimize the outstanding
contributions made by our Air Force engincers and
scientists in our own laboratorics . . . but the expanding
budget for rescarch and development and the sharply
accelerated growth in our requirements . . . has forced
us to enlist the aid of companies such ‘as Rand, Acro-
space, Mitre Corporation, and others. . . .

“When we add to it the further need for integration
of the best industrial contractors we can find, the mag-

-nitude of the problem facing the Air Force toda
Iy, a

comes clear. We simply do not have, internally
MAanpoOwer resources necessary to carry out
nical management of all our programs.

“We do not, however, lack competence withi
Air Force to manage complicated technical programs.
We do have this managerial competence. We wili con-
tinuc to have the capability for technical management,
and will continuc to expand it. . . .

“However, the total requirement for persons i of
this kind throughout the Air Force far excecds the
number of people we now have or can hope to get.
There will be continuing need to employ objective or-
ganizations which can provide the Air Force with addi-
tional technical competence. Aerospace Corporation
has an essential part in our long-range planning.” =73

—
jn

Mr. Whitcraft joined the Aerospace
.Corporation as Director of Govern-
ment Relations in August 1860. He
previously headed the Western Dis-
trict Office of the Defense Systems
Department of General Electric Co.

From August 1956 to January 1957,
on a leave of absence from G.E., Mr.

Whitcraft served as a consultant to
the House Appropriations Committee
(Nugent Group) on a three-man in-
quiry into the overall guided missile
program of the Department of De-
fense. A major in the Air Force Re-
serve, he served on active duty from
1945 to 1955.
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C January 25, 1966

MEMORANDUM TO FILE:

Subject: Meeting with Aerospace on Communications Control on
January 19, 1966

Mike Burke, 1. Charbonneau and I met with Earl Ragland, Carl Beyer and

E. Retzlaff to discuss communications control, monitoring and switching.

In this meeting Mike Burke went over again our rationale for recommending
that switching of encrypted circuits be performed external to the CPU,
Aerospace agreed with the rationale. We then discussed our approach to
line monitoring and switching. This was fairly complete but did not consider
automatic switching at Remote Sites.

Earl Ragland summed up their requirements, as follows:

1. At least three lines/étation, (1) one or more voice; (1) data;
( (1) spare fully used for sync. purposes.

2. All lines are long lines, no radio, routing is not controlled.

3. Backup is always required, voice and teletype.

4. Indicators and alarms are required at the STC and remote sites.
5. Control should be exercised by the STC,

6. Reinitiation should require essentially no time.

7. High priority and remote manual override should be provided.
8. The remote sites should be able to reinitialize at that end.

9, The computer program for Comm. Control should be protected

from interference by other programs.

Aerospace would like us to present a design which includes tradeoffs in
error detection, such as channel costs, programming, storage and inter-

C _ - Section 3.1 o ‘ Pagev H/1
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IBM CONFIDENTIAL

Memorandum to File (continued) | January 25, 1966

ference if the spare and data lines are used to carry the same information
with checking internal to tlile computer, versus external checking. They
also implied that we would help them and ourselves if we discussed the
design with AT & T.

Mike Burke has agreed to develop and coordinate our technical work in
this area. We should be able to discuss our new design with Aerospace .
about February 3, 1966. '

r

) \'.‘ Ry

{, 1. 1. selffidge

s

\'C!
JI1S:5h ,
cc: M.Burke,Bzthesda,

J.E.Hamlin 7/

R.Krause

G.McClure

A.Valakos, Bethesda.
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March 24, 1966

MEMORANDUM TO THE FILE

"SUBJECT: Discussion with Aerospace Corporation Personnel

22 March 1966

Attendees at this discussion were as follows:

Aerospace IBM
F. Arndt B. Krause
G. Hansen M. Needle
H. Reynolds G. West

We discussed the security problem associated with a multi-processor
configuration for the STC buffer computer. We presented, informally,
our solution to the problem using System/360 storage protect feature
and some hardware partitioning capabilities. The Aerospace people
were receptive to our suggestion for a formal briefing on the subject,
and recommended certain points to be emphasized.

G. West
GW:jh
cc: Messrs. C. B. Brown
W. B. Gibson
J. E. Hamlin
R. G. Krause
M. Needle
J. J. Selfridge
Section 3.1 Page H/3
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Manned Orbiting Laboratory Project
LOS ANGELES AEROSPACE BUILDING

March 24, 1966 IBM CONFIDENTIAL
TO: Mr. J. J. Selfridge
BRIEFING TO AEROSPACE CORPORATION ON IBM DIAGNOSTICS

Aerospace Atiendees: Dr. Marsh
Earl Ragland
Don Stevenson
Vic White
Lee Murphy

On Tuesday, March 22, Messrs. Jim Selfridge, Bob Krause, and
Rip Coalson briefed the above Aerospace personnel on subsystem
Diagnostics which have been designed and operated by IBM. The
diagnostics performed at WSMR (AF Athena Program) on the radar,
telemetry and command subsystems were discussed in order to
exemplify IBM credentials in diagnostic techniques.

During the course of, and following the briefing, the following
observations were made:

1. 1In general, the briefing was very well received, and there was
active participation {(constructive) from the customer.

2. Lee Murphy stated that the diagnostics presently performed at
the Remote Tracking Sites are not as comprehensive or automated as
those described during the briefing.

3. Dr. March stated that the Air Force wanted to replace the men

who check out the tracking equipment with completely computerized,
detailed, diagnostics. He also implied that he desired the diagnostics
techniques we presented to be extended to a more detailed level of
fault isolation.

4, After the briefing, Lee Murphy requested that we give the same
presentation to other members of the Aerospace organization. We
replied affirmatively.

R. V., Coalson

RVC/1r
cc: Mr. C, B, Brown
Mr. R, G. Krause
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Space Systems Division,
Inglewood, California

GEM

Western

Los Angeles, Westchester

Skip Hoyt

Ed Chappelear

Bob Fairbanks,
Bob Krause,
Bob Oller.

Johnny Jones,
Jim Selfridge,
Glen McClure.
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Air Force

Maj. George Hrebec* Tel.
Capt. Robt. B, Stuart Tel.
Lt. Donald G. Hard Tel.
Lt.Dennis J. Scovern Tel.

Aerospace

Richard E. Day*
Britan

Chuck Hazel

Andy Pope*

Joe Helland

Art Halenbeck*

* = Prime mover
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31263
30070
30070
31263

Ground Systems
Lt.Col. O'Toole*
Tel. 31263
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Air Force

Col. Russell Herrington, Jr.

Capt. Norman North
Maj. Chas. McGinn
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TITAN III
Col. David Miller
Tel. 30734

Tel. 30410
Tel. 31402
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Air Force

Maj. Howard Clark Tel. 31304

Aerospace

Ernie LaPorte
Jim Henry
Pete Soule*

* = Primec mover
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Lt. Col. Gandy
Tel, 31304
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Crew & Biomedical
Col., A, I, Karstens*
Tel. 31820

Air Force

Col. Robt. Levin Tel. 31820 |
Capt. Frank Brunstetter
Capt. Robt. Zeiger* "
Capt. Buena Parks
Capt. Chas. Wilson 1 "

Aerospace

]im‘ Roberts*
Dr. Pete Husman
Dr. Leon Thomas

* = Prime mover
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Leonard Atkins*
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Tel. 33538
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UNSOLICITED PROPOSAL TO SSD

L. PROPOSAL GGAL: Acquire Software Support and Integration contract

for the 2250 in the 3TC,

A. Design, produce, test and document 16CA driven diagnostics

for the 2250.

B. Design, produce, test, document and install a display
software subsystem operating on the BB in a Postpass mode, utilizing
the recording tape. {Much like a current program which drives analog

plotters).

C. Simultaneously or subsequently build a real time display

module which ''plugs into'' a Model 8. 0 or 9. 0 Bird Buffer.

D. Design, produce and demonstrate advanced display

application of 2250's as follows:

1) Mission Control Complex command and control data
display and computer input methods, with special emphasis

on high priority unmanned vehicles and MOL,

2) Diagnostic display information both for the STC and

RTS.
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3) Replacement of SOC display and command functions.

II, PROPOSAL METHOD:

A, Acquire MLSD/Division Litton Industries as a subcontractor,
1) Definition of responsibilities:
a) Design the programs up to and including detailed

Interface Specification *%* IBM/MLSD

b) Produce control and/or sub-control

routine IBM
c) Produce display driver subroutines IBM

(' d) Produce data production and/or retrieval,
interpretation, tagging and formatting

sub-routines MLSD

e) Provide interface code for Operational

BB MLSD

f) Provide operational procedure

documentation MLSD

B. Do detailed design in Los Angeles in close concert with
SSD/ASCO/SDC and SPOE offices.

C. Do program development/testing/demonstration at AF/CPDC

(J‘ (Santa Monica) and STC (Sunnyvale).

*%* Proposal should indicate that any existing software in the AF/CDDC would
beused for this task,

Section 3. 2 Page C/2
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III, ADVANTAGES FOR IBM OF MAKING THIS PROPOSAL:

A, Gives us a better feel for current aspects of SCF

mission control (The project that needs this is the big one)

B. May give us access to advanced information on the BB

replacement and associated display philosophy.

C. Provides an opportunity to get feedback intelligence on

how displays will be set up for MOL at the STC, |

D. Provides IBM protection in terms of P, R, on the 2250.

(i. e., no chance of another situation like the 3600/1300)

E., Provides a feel for working with MLSD in the event we
would consider them as a potential subcontractor for future larger

proposals,

IV, TIMING: FINAL PROPOSAL TO SSD IN 13 WORKING DAYS:

Technical Schedule: Costs:
A. by1l/1 6 mm
B. by 2/15 10 mm
C. by 3/15 16 mm
D. by 6/30 16 mm

48 mm (4 man years).
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SECTION B

SATELLITE CONTROL FACILITY

I. Introduction

The Mission of the Space Systems Division of the Air Force Systems
Command is the development of Space Systems. A major portion of the
effort of the Space Systems Division is the development of satellite
systems. One of these systez.h‘s is the Discoverer Program which is a
research and development space program designed to demqnstrate Air
Force capabilities for the launch, stabilization, control and recovery of

instrumented capsules from orbit.

Inherent in the development of each satellite system is the development of
the capability to control its functio-ns-while in orbit. Once the sateliite
has been successfully injected 1£nto orbit, the fulfillment of the test
objectives depends on maintaining contact with the vehicle and controlling

its operations. This is the task of the Satellite Control System.

The Satellite Control System consists of the ground and space equipments
that are required to permit intelligent on-orbit operation of a satellite
system. This operation relies on the real time analysis of telemetered .

status data, the determination of the characteristics of the satellite's orbit,

the issuing of commands to precisely control the functioning of the payload

Section 3.3 : ' Page B/1
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and experiments, and the various communication links and computation
centers. The ground portion of the Satellite Control System is termed

the Satellite Control Facility.

II. Objective and Approach of the Satellite Control Facility

The primary objective of the Satellite Control Facility is to satisfy the
on-orbit control requirements‘of approved éatellite system development
programs. The Facility is required to support many different satellite
programs in the next few years. While there are some common satellite
control functions among each program, in general, each program and even
each flight series withina satellite program, ims peculiar control require-

mehts which must be met.

To meet these various requirements', the approach has been to provide a
Research and Development Satellite Control Facility tailored to accomplish
the ieal time, on-line, orbital control of satellites during their develcpment.
The Facility is an R&D tool thét must reliably provide on orbit satellite
control support during the flight testing period. In addition, the Satellite
Control Facility is used to sirﬁulate and test operational prototyp‘e Satellite
Control Systems; ‘Thus, the approach has been to maintain basic support
while testing and developing riew and advanced satellite control systems for

approved Air Force space programs.

Section 3. 3 ' Page B/2
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ITI. Satellite Control Facility, SCF

The SCF consists of the Satellite Test Center (STC)(sometimes called
Satellite Test Annex because of its Lockheed, Sunnyvale location) and
the Remote Tracking Stations of which there are ten. Dual tracking
stations exist at Vandenberg; Hawaii; New Boston; New Hampshire;
single stations are located at Kodiak;'Guam; Alaska; Indian Ocean; and a
northern site. The entire facility was developed to support Air Force
space programs which are for the most part highly classified. Additional
tracking sites have been deactivated and are referred to as mobile sites
available for MOL at SUVA or Okinawa. Communication between the sites
and the STC consists of voice and data. Data lines are 1200 bps phone
lines where these are available. From the IOS,data is transmitted over
100 wpm teletype (Note: The modems have a 50 kbps capability). The

present ground system configuration is shown in Figures 1 and 2.

The STC is equipped to support six satellites simultaneously. Its data

processing subsystems are divided into two groupings. There are nine

(160A's). Six 160A's are used as Bird Buffers for the six programs supported,

two 1 60A's are spare Bird Buffers and one 160A is a switching computer.
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The four 1604 computers(now being changedtofive 3600's) perform the extensive
computations forthe SCF. The STC has sixareasor complexes set aside for
the User Programs where orbit planning, #8ata analysis, and command
generation is performed. A Data Presentation Room has facilities for
monitoring each satellite and the portion of the network involved at any time
and making up status displays for the User Program Complexes, a Multi-Ops
Room and a Main Control Room.. The User Program areas providé a means

to analyze and control on-board systems. The Multi-Ops Room oversees
scheduled operations, detects conflicts and resolves operations and
maintenance difficulties throughout the SCF. The Main Control Room

has facilities for supervising all satellite operations and has six satellite
controller positions. Data Display and Voice communication are available
to each control position in Main Control, Multi-Ops and the User Program

Complexes.

The three dual tracking stations are capable of supporting certain combina-
tions of two satellites simultaneously. Each tracking station has four

main groupings of equipment. These are:

1, The antenna systems for tracking, acquiring telemetry signals,

and transmitting commands;

2. The subsystems used to convert raw TM to digital form, to

acquire the satellites, lock on and route range, azimuth, and
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elevation signals to the tracking computer, and to initiate

and verify command transmission

The Data Processing System which uses one 160A for track -
ing and the other for telemetry data compression, this system

interfaces with the STC

The Station Operator's Console which is used to monitor the
site operation and make adjustments to obtain the desired

performance.
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The SCF in MOL

The SCF may be adapted for MOL as easily as any other network and
mission control facility. This becomes particularly obvious when
planned improvements to the SCF are implemented. At the STC,
‘improvements include the addj.tion of computer generated display and
operator inquiry capability; Ileplacement of the 1604 computers with
3600 computers; and the replacement of the tape intercome system bet-
ween the 160A and the 3600's with disk files. The Bird Buffer complex
is undergoing study with a goal of replacing the (8) 160's with (2) larger
computers as a possibility. The computers would back each other up
and share memories. This change bc,ou_ld result in replacement of the
switch computer (160A) and the Computer Data Select and Cross Connect
Unit. User Program security would be maintained through a memory
protect device. A configuration like this is shown in Figure 3. The
Computer Select and Cross Connect Unit, the disks, and the 3600's Would
remain. The planned displays will make use of the existing STC closed
circuit TV system and may mix computer generated datab with slides

and data prepared ménually on forms. Routing of this data to User
Program Complexes may be under control of the Computer Select and

Cross Connect Unit or by computer switching of channels, Tracking

Section 3. 3 | Page B.1/1
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station inputs would be handled by the Input Multiplexor with the computer

performing a Bird Buffer as well as a Tracking Station Buffer function.

Such a configuration lends itself well to the present STC operations and

to MOL operations. The entire facility is assumed dedicated to MOL in
the following discussion although a subset could be used. All of the com-
puter equipment éould be dedicAated to a MOL mission which would be dif-
ficult with the present Bird Buff.ers; i.e., sharing of the mission data pro-
cessing and display generation can be assigned easier to two machines
which look like one than assigning portions of the job to six different
computers although the multicomputer approach is feasible. Any display
could access any of the system information. The use of more than one of
the 3600's for MOL however would not be justified and even that could be

aliminated if the new computers are large.

Station or Bird Buffers

The Station Buffers or Bird Buffers have and would continue to have the

following capability:

Executive Control This program controls the operating

sequence and input/output

Command This program verifies transmission of

commands to sites; processes and
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maintains command status; and prints

out commands in post-pass.

Prepass This program maintains an updated file
on TM processing tables, command messages,
antenna pointing data, scheduling messages,

and operator instructions.

Upon request, it transmits this data to the
site, verifies and records the transmission.

It also changes the TM mode on request.

Telemetry Processing This program accepts TM from the station,
( performs the data conversion to engineering

units, and prepares display or printer messages.

Tracking This program accepts tracking data from the
site, formats the data for display or printout, and
sets up the display or print flags; transfers data
to the (1604/3600) for updating of ephemerides;
detects alarms or status messages and alerts Pro-

gram Users.

Communications This program provides the capability of com-
municating with the 1604/3600 to obtain data

C from the 1604 /3600 for prepass, commands,
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and scheduling and sends data to the 1604/

3600 for vehicle tracking data.

Input Processing This program provides the operator interface
with the Bird Buffers and uses control cards now
and will use at a later time inquiry keyboards to
initiqte activities, request prepass data, obtain
information for display, send data to sites,
obtain scheduling data, request and verify
commands, send operator instructions to sites,
select or modify the TM mode, and other miscel-

laneous operator functions.

Computing Facility (1604-3600)

The 1604's/3600's are time shared by all satellite program users, with the
actual schedule of usage being prepared by the scheduling program and

multi -ops personnel. Four main functions are performed:

1. Orbit determination and prediction

2. Ascent and reentry calculations

3. Preparation of vehicle command messages

4, Production of operations schedules for the SCF
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Orbit determination and prediction involves the collecting of tracking
data from the launch site and tracking stations, and the use of these data
to generate ephemerides for the active satellites in the system. The
specific operations performed by the Orbit Determination and Prediction

programs are:

Receive raw tracking data from the launch site and tracking

stations via the Bird Buffer Subsystem

Screen and process the raw tracking data to obtain updated

orbital elements.
Print out the raw tracking data for visual analysis

Use nominal or actual orbital elements to calculate vehicle

acquisition rise and set times for SCF tracking stations

1

Use nominal or actual orbital elements to generate vehicle

ephemerides over designated time periods.

Provide for data fitting and tracking data prediction over an

orbit adjust.

Maintain the capability to select and combine orbital vectors

to obtain updated orbital elements.

Generate pointing data for driving antennas at tracking

stations.
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The Ascent and Reentry programs support the critical phases of a satellite's

operational life by performing the following operations:

Process nominal vehicle ascent parameters to provide track-

ing station antenna pointing data for vehicle ascent.
Produce a nominal ascent ephemeris.

Process data from weather balloons to determine wind shear and

its effect upon booster periormance.

Reduce ascent tracking data received from tracking stations

and determine orbital -injection parameters.

Provide the capability to establish a nominal orbit with nominal

injection conditions.

Predict the time to start the reentry thrust stage, based upon

desired impact location.

Determine nominal reentry impact location, based upon the

time of thrust start.

Receive, screen, and process raw reentry tracking data to

determine the impact point location.

Provide a reentry ephemeris and antenna pointing data for

driving antennas and for use by operations personnel.
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The vehicle command messages that are transmitted to the veh cle by
the tracking station are assembled and formatted by the Vehicle Command

programs. Operations performed by the Vehicle Command programs are:

- Generate Real Time Commands (RTC) and Stored Program

Commands (SPC).

Update command tables based upon transmission and veri-

fication of receptidn by the vehicle.

In general, analog or digital commands are transmitted to satellite systems

to perform the following types of functions:

Set or reset a Fairchild timer and shorten or lengthen timer
periods. (The Fairchild timer turns equipment in the satellite

on or off at predetermined times.)

Send Stored Program Commands (SPC's) to turn equipment on

or off at the proper time.

Turn beacons, payload, or telemetry systems on or off with

Real Time Commands (RTC's).

Adjust or calibrate internal systems; initiate special events

such as engine ignition, separation, or recovery.
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Operating Areas

The STC operating areas presently contain the Main Control, User Pro-

gram, Multi-Ops, and Data Presentation areas.

The Main Control Area presently has facilities to permit a satellite con-

troller and his assistant to monitor and control a particular satellite in

real time. These people are the interface between the users and the SCF

operations. Their station equipment includes TV displays which permit them
to obtain status data on the vehicle systems, commands, and results of

TM processing. Voice communication is provided with the site, the Users
and the Data Presentation personnel. In addition, the satellite controller
can request that pre-prepared slides be shown on the large screens in the
Main Control Room. There are eight screens on which 35 mm slides can be

projected so that they are visible to all Main Control Room people.

There are six controller positions in Main control. In addition, a super-
visory controller's position is located on a dais behind the controllers
and a Program and Test Director is located on a balcony overlooking the

Main Control area. The balcony area also accommodates a few VIP!s.

Main Control contains approximately 2000 square feet and is laid out

similar to the MOCR at the MSC. With computer driven display (as planned)
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and allocation of functions to controllers by MOL MCC requirements
such as Spacecraft systems, Flight Surgeon, Network Control, etc.,

the room would be similar in capability to an MOCR.

The User Program Areas (six) each contain approximately 1, 000 square
feet. They are divided into sub areas for data analysis, orbit planning
~and command generation. Presently these areas have closed circuit TV
and printers driven by the 160A through the Computer Select and Cross
Connect Unit. Each area is closed off from all of the other Program areas.
Voice communications with the §0ntrollers and other STC personnel is pro-
vided. These rooms could be used as staff support rooms for MOL and

would have the equipment required.

The Multi-Ops area which contains approximately 400 square feet has
a 1 60A driven printer, closed circuit TV, and voice communication for
scheduling and controlling the SCF in conjunction with the scheduling

program. A similar function is required for MOL.

The Data Presentation room contains approximately 1300 square feet.

Personnel in this room monitor and direct operations at the site through
voice contact; focus TV cameras on 160A printouts, update status forms
manually which are picked up by TV cameras; advise the satellite con-

trollers verbally of station performance; initiate and monitor changes
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in the computer program operation; and perform record keeping functions.
These personnel have closed circuit TV displays, a printer, and teletype.
They will have the new display when it becomes available. In general |
they support the satellite controller by preparing material he will need,

implementing his requests for action, and assisting in monitoring the

over-all operation for each program.

In addition, there are six rooms which contain closed circuit TV and voice
communication. These are used by the Test Directors as offices and to
monitor their system during non-real-time operation. These rooms vary
in size from 200 to 400 square feet. These will also get the new display

( system when it becomes available.

The SSD baseline document states that the MCR and support areas would
require approximately 6,200 square feet of floor space. The STC operating
areas contain approximately 11,000 square feet exclusive of communications,

computers, maintenance, and other support.

C
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TRACKING STATION CONFIGURATION - SINGLE SITE COST

ITEM "NO.

EACH SITE TOTAL160A SYSTEM

160A Main Frame 2
166-2 Printers 2
169-2 Memories (16K) 2
167 Card Readers 2
603 Tape Drives 8
161 On-Line Typewriter 2
162-3 Data Synchronizer 2

2250

690
200
460
550
262
600

4500
.1380
4000
920
4400
524
1200

16924

4 Single Sites (Each 16, 924) 3 Dual Sites (Each 3384§)

BIRD BUFFER CONFIGURATION - SINGLE

ITEM NO.

EACH BB TOTAL

160A Main Frame 1
166-2 Printers 4
169-2 Memory (16K) 1
167 Card Reader 1
603 Tape Drives T4
161 On-Line Typewriter 1
162-3 Data Synchronizer 1

2250
690
2000
460
550
262
600

Cost per Single BB

8 BB and 1 Switch Control

2250
2760
2000
460
2200
262
600
10532

Computer (Each 10532)

STC BLACK ROOM CONFIGURATION - 160A

USED FOR CLASSIFIED PROJECT

Section 3.3

Approx.
8, 000

SYSTEM

160A SYSTEM

Page B.2/1

SUB
TOTAL

%169, 240

SUB
TOTAL

% 94,788
* %264, 028

'SUB
TOTAL

8,000
*%272, 028
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' AF/CPDC TEST BED AT SDC FOR BB/ TS PROGRAM CHECKOUT

ITEM NO EACH  CPDC TOTAL
160A Main Frame 3 2250 6750
166-2 Printers 5 690 3450
169-2 Memories(16K) 3 2000 6000
167 Card Readers 1 460 460
603 Tape Drives 12 550 6600
161 On-Line Typewriter 3 262 -+ 786
162-3 Data Synchronizer 3 600 1800
Total SDC/CPDC RTS Installation 25846 %25, 846
*%297, 874
STC - PERIPHERAL SUPPORT COMPUTERS (2-160A's)
Approximate Figure *13, 064
*%310, 938
AF/CPDEC Peripheral support computers (2 - 160A's)
Approximate Figure *14, 000
*%324, 938

PART II, 3600 COSTS (Although Several 1604's are yet in system, they are
in process of being phased out and replaced;monthly rentals were approximately
same).

ITEM NO. TOTAL
3604 Processor & Console 1 13, 000
3603 Core Storage 1 10, 000
3606 Data Channel (900 ea.) 5 4,500
3623 Mag. Tape Controller . 1 2,900
606 Mag. Tape Transport (825 ea.) 8 6, 600
3602 Com. Module 1 2,000
3644 Card Punch Controller 1 675
3649 Card Reader Controller 1 325
405 Card Reader 1 400
415 Card Punch 1 295
3659 Line Printer Controller 1 700
501 Line Printer 1 865
3691 P~-T Reader Punch 1 310
3681 Data Channel Converter 1 275
3682 Satellite Coupler 1 175
3000/7000 Data Channel adapter (Approx), 1 1,000
7631-2 File Control 1 835
1301-1 Disk File 1 2,100
731 Typewriter(Approx). 1 45
TOTAL SINGLE CONFIGURATION: 47,000

CONFIGURATIONS IN SCF: 5-STC;2-AF/CPDC;l1-ASCO * 376, 000
TOTAL SCF MONTHLY CDC LEASE % % *700, 938

Section 3. 3 Page B. 2/2
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The following equipment is on lease to SSD for the Satellite Control Facility:

Qty.

7

20

Machine

523

026-1

010

056-1

082-1

519-1

557-1

407A-1

826-2

083

066

068

7631-2

1301-1

7360

Section 3.3

IBM CONFIDENTIAL

Description

Card Punch

Alpha Printing Punch

Card Punch

Alphabetical Verifier

Sorter

Document Orig. Machine

Alpha Interpreter

Accounting Machine

Card Punch

Sorter

Data Trans. Print Card

Data Trans. Telephone Signal

File Control Unit

Disk Storage Unit

Special Char. Printing Device
Code

Monthly Rental

$

Total

745,00

$1,350.20

$

$

$

$

$

10.00

111.00

496.00

656.00

898.00

$6,900.00

$

$

$

$

120.00

119.00

248.00

170.00

$4,300.00

$10,500.00

$

10.00

Page B.2/3
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SUBJECT: CDC Computers Purchased by SCF

TO: MOL Project Notebook

In a call January 25, 1966, on Max Kostiner, head of CPDC
at SDC, I learned that the CDC computers recently purchased
were;

1~ 1604 stored now at SDC

1-1604 now installed at the STC

1-1604 stored at the STC

Mr. Kostiner felt that these 1604's would go on an Air Force
availability list and not be used in the SCF.

R. G. Krause

Section 3,3 Page H/1
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January 31, 1966

TO: Mr, J. J. Selfridge
FROM: W. Derango, &, West
SUBJECT: Trip to Los Gatos and Palo Alto to discuss the SCF

Proposal (28 Tanuary, 1366).

Our design concepts for the SCF Real-Time Data System were discussad
with Dick Crus {ASDD) in Los Gatos. Befors joining IBM, Dick worked

for LMSC at the Satellite Test Center in Colonel Alton's organization for
about four years. He was surprised that the Bird Buffers might be replaced
by another system of data buffers and believes, as we do, that the

ultimate solution to the STC's computer problems is the integration of Bird
Butfer and 3600 functions into a single computer complex. He agreed that
we should not attempt to levy extensive requirements on the 3600 computers
to support our proposed real-time system, but should instead strive to
maintain a "hard" interface with the on-demand processors.

He considered our design concepts reasonable, in light of his experience,
but felt there would be a security problem with a multi-processor con-
figuration at the STC. The persons levying requirements for one of the
highly-sensitive projects have a reputation for "unreasonableness". Dick
did not contribute any new concepts for our proposal, but promised to let
us know if he had any subsequent thoughts about the matter.

We next called on Arnold Peckar and John Bridges (FSD) in Palo Alto., We
hoped to get an idea of the future processing requirementis for the satellite
program in which IBM has been engaged. For security reasons they could
not discuss the detailed support requirements that are being proposed but
they were able to indicate that very little in the way of orbital support
(other than payioad data collection) would be required for their satellite
program. The bulk of the processing workload would be payload data
reduction which is not the responsibility of the SCF,

I Qe

G. West
GW:jh / .
Distribution: C.B.Brown/ '
W.B.Gibson,
J.E.Hamlin,
MOL Group.
Section 3.3 ' Page H/2
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MOL STANDARDIZED CALL/TRIP REPORT

Customer/Prospect Name (1) _ Satellite Test Center o (15)
Individual(s) contacted (16)  See List Below C (59)
Your Name (60) TJ. J. Selfridge (70) Date (71)__February 18, 1966 (76)

SCF Project Manager
Summary of Facts Covered:*

Attendees:
M. Burke, IBM Lt.Col, Alton, Test Wing
W. Derango Major Kuhn
R. K. Johnson Major Mullarz
R. G. Krause Major Clearwater
J. J. Selfridge Capt. Wallace
Capt. Leonard
Lt. Grove

Our briefing to the Systems Operations people under Lt.Col. Alton started
about 9:30 a.m., continued to 12:30, discussions continued through lunch.
The Air Force people had another meeting at 1:00 p.m. We resumed the
briefing at 2:00 and continued to 3:30 and then briefly toured the STC.

We had excellent technical constructive criticism from Col. Alton. We had
anticipated most all of Col. Alton's questions in our briefing. On a number
of points he asked if we had considered something and we were able to say
"We will expand on that on a later chart.” During the briefing, if we said
something which was incorrect, incomplete or difficult to understand, he
advised us on the best way to make the point in future briefings. We could
not have asked for a better audience. Our approach is correct although it
needs improvement in the communication and system diagnostic areas. No
exceptions were taken to any of our computer, software, or display subsystem -
design. Col. Alton did not discuss anything proprietary to the Air Force

in the way of plans.

Major points of discussion were as follows:

1. System Control will be at the STC with diagnostic control at the
tracking stations. System diagnostic capability must be greatly
improved.

2. Communications is a system-wide problem with many facets: rates

from TTY to 50 Kb; secure and non-secure semi-fixed, dial and
conferencing capability; some communication satellite commitments
are already firm.

*If two unrelated subjects were covered, please fill out two forms (i.e., Bio-Med and
Checkout).

Section 3.3 more - Page H/3
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Briefing to Lt.Col. Alton and Staff Page 2
Satellite Test Center

February 18, 1966 IBM CONFIDENTIAL
3. The implementation schedule will be tight.
4, Data security is a severe problem.

The following points were raised during the briefing and are itemized below:

Remote Sites:

1. SGLS will not go through the TDP-2 but is selected independently.
2. The 670 has been troublesome and some of its functions should be
part of the station computer (as per our expanded system approach

for two SGLS bit streams with STL). The 670 will be replaced.

3. Col. Hedrick does not want mission control capability at the sites.
Diagnostic control at the sites is necessary.

4, We should expand the number of sensor and control status indications
brought into the computer through the Data Control Unit, 1827.

5. If SGLS became the only TM link, the sites would need only one

computer.
Communications:
1. Sensing of Red switches with same device used to sense Black

switches may be considered improper.

2. SCF will have complete encoded voice system with the new data
system.

3. Operations people not convinced they can ever do voice switching on
a scheduled basis. Nor are they convinced of reasons for doing
so.

4, Teletype circuits to the sites as well as other geographic points is

a necessity.

5. There will be a wide band (50KC perhaps) link to the launch complex
for prelaunch and powered flight.

6. There is also a wide band link to STC for non-real time (i.e., 461
data analysis) which must be considered.

Section 3.3 - more - Page H/4
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7.

10.

11.

12.

13.

14.

Communications system must include a local dial and conferencing
system and voice circuits to the sites all of which are not encrypted.

Teletype store and forward circuits for internal and external use may be
a necessity. They hope they can omit paper tape.

Although they believe comm. switching under computer control with
scheduled interval switiching is pretty fancy, they see a need for
Goddard-type (490) syste. (IBM has been asked informally to improve
thig).

Communication switching should possibly be under control of a
separate computer.

Conferencing of digitized voice circuits is a severe problem in red
switch area. (Philco, in Philadelphia, has demonstrated a system
called a HUB controller for conferencing digitized voice.)

The MOL program will use a 50 KC COMSAT channel in 1971.

They wanted to know our credentials in digitized voice, commercial
error detection and correction equipment, EDAC, and line monitoring
for quality. They suggested that line problems are transient in
nature rather than slowly deteriorating.

They suggested we work with Lt.Col. Paul at SSD in the communications
area.

Satellite Test Center:

1. They suggested we refer to System Control rather than Operations
Control.

2. They suggested we develop a demonstration for the data security
problem if we want to convince project people.

3. Computer scheduling of support; i.e., Scrabble, may be scrapped after
a year's evaluation. They don't believe they have answer yet. We
did not get into our approach to computer-aided scheduling.

4, There is a class of data which requires a separate computer system
and a secure link to the 3600's.

5. There is a need for large board display for status information; e.g.,
the display FSD built for DCA to show communication lines. CRT's
will not meet all needs of Multi-Ops.

Section 3.3 -~ more - Page H/5
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Programming:
1. Suggested we pitch simulation hard to SSD and Aerospace since

it is overlooked by them and may take place of rehearsals and aid
in training.

Implementation:

1. Remote Sites will not be easy because of space problem and need to
tie into more sensing and status points.

2. QOur schedule is optimistic; implementation will start later and end
earlier.

3. The present system will not be operating after 1968.

4, There will not be any computers in the present building when the
new system is in. .

5. The 3600's will remain in the system. The investment in programs is
too great to replace them; although by 1968, 60% of the programs
will be in JOVIAL.

6. The STC addition will require DOD approval which will impede the
schedule, making installation in November 1967 at the STC very
optimistic.

Miscellaneous:

1. Col. Hedrick had to report personally to Dr. Flax on the 4M overrun
on SGLS.

2. They may allow as much as 90 days for proposal preparation followed
by 60 days for evaluation. RFP perhaps two to three months away.

3. The MOL Project will define its own mission control requirements.
This may be a way of getting MOL funding for the SCF.

4, They would like some data on programmers' effectiveness using
JOVIAL or other higher order languages. They had heard there was
a 2 1/2-times improvement in programming efficiency.

S. They wanted to kﬁow if the 1827 was actually available.

- more -

Section 3.3 Page H/6
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6. We have an opportunity to go back and give more detailed briefings
on such subjects as communications, security and system control;
i.e., scheduling.

7. Col. Alton is willing to spend a day at Houston with us. He suggested
that Bob Krause arrange this with Tom Carr of Aerospace.

Followup:

1. Russ Johnson should be provided with data on higher order language
for Col. Alton as an opportunity to assess briefing.

2. Teaming or communications should be investigated with W. E., ITT
or Philco.
3. Ask Col. Alton for data to improve site diagnostics. (Major Bond

refused us this data).
4, Provide Col. Alton's group with information or demonstrations on
( large boards such as the San Jose development on the Nortronics

system we installed at Goddard.

S. Provide Col. Alton with exact data on progress of FAA implementation.

Sy

1,7. Selfr{dge
SCF Project Manager

JJS:jb

cc: Messrs. C. B. Brown
M. Burke
F. E. Chappelear
W. B. Gibson
J. E. Hamlin
R. K. Johnson
J. Klotz
R. G. Krause
G. McClure

C MOL Group (one copy)

Section 3.3 Page H/7
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March 18, 1966

SAN FRANCISCO GEM

MEMORANDUM
TO: Mr. W. B. Gibson
MOL Project

LOS ANGELES AEROSPACE BUILDING

SUBJECT: Your Letter of January 17, 1966

The penetration of the Satellite Test Annex has been successfully
initiated. Mr. R. E. (Bob) Curtis, Systems Engineer, has been intro-
duced into the account. The STC accepts his presence, and he has been
given a desk. Some initial activities are in process relating to 1301
file application. In addition, I have been making regular calls and
have been able to meet a growing number of people in the activity.

Col. Alton accepted my suggestion that a briefing of STC operation would
be helpful to us. He will give us this briefing as soon as security
clearances have been established for us at STC. The lack of security
clearances, yet, do inhibit our penetration, but we hope to have them
soon. :

I have managed to learn the following information on the new
building:

1. Start date is targeted for January 1, 1967.

2. Completion date is targeted for February 1, 1968.

3. It will be a four-story building of 40,000 square feet
per floor-~total 160,000 square feet. Ceiling height
is currently planned as 13' including a 3' space under

the floor for housing of cabling, etc.

4. Some apprehension exists that the height of the building
makes it an overly conspicuous one for Air Force tastes.

Section 3.3 | ' ' Page H/8
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Mr. W. B. Gibson -2 - March 18, 1966

S. The building will be devoted almost entirely to technical
and computer equipment with little space devoted to other
facilities. No space is allocated under present planning
for technical representatives, for example.

6. Approximately 300 MOL personnel will be assigned to
the new facility.

I have been unable to learn who the contractors are, or will be,
for the building. I have not yet been able to learn either the status of
LMSL or Philco in the eyes of the AF STC personnel. :

Lt. Col. Alton certainly appears to be a key decision maker at
the STC because of his very close liaisons and associations with the
future plans. :

Further information on this subject will be passed on to you as
it is learned.

/"\

J f |
R. K ]ohnson
RK]/jag
cc: Mr. Herb Funk
Section 3.3 Page H/9
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April 5, 1966

MEMORANDUM TO:  The File

SUBJECT: Satellite Control Facility

Phone call from Russ Johnson confirmed that Col. Alton is being
transferred from the STC in Sunnyvale to be General Hedrick's
right-hand man in charge of the ADP Committee. General Hedrick
wants Col. Alton to continue to be in charge of all electronic
equipment procurement and action. Col. Bond from the SCF, Los
Angeles, is being transferred to Sunnyvale to take Col. Alton's
place.

Col. Alton commented upon our recent PL 1 presentation to the

effect that the JOVIAL language has had some recent revisions which
caused substantial improvements. We are attempting to verify this.

s S G
W. B. Gibson

WBG:jb

Section: 3.3 Page H/10
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April 5, 1966

MEMORANDUM TO: The File

SUBJECT: Mellonics.

DP Salesman Vince Ziogas, in San Jose, called on Bernie Dove who
is an old friend. Bernie veclunteered the following information:

1. They have just received an additional $500,000 program-
ming contract for the Satellite Control Facility.

2. He is convinced that Mellonics will get the programming
contract for the monitor portion of the upcoming data
systems procurement.

3. Mellonics has some programming coniracts from Philco
but is having difficulty working with Philco well.

4, Dove does not believe that Philco has a chance of winning
a major programming sysiems contract in this area.

By copy of this memo to Bob Krause and Glen McClure, I am asking
them to verify what area the recent contract is in.

G5 )
W. B. Gibson
WBG:jb

cc: Messrs. R. G. Krause ~ LA Westchester
G. T. McClure - FSD, LA Aerospace Bldg.

Section 3,3 Page H/11
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FEDERAL SYSTEMS DIVISION
Los Angeles, California
May 9, 1966

MEMORANDUM FOR RECORD

SUBJECT: AFSCF Proposal Planning Meeting, May 6, 1966

Our marketing data indicates that the RFP will be released during May.
Because of this, a meeting to determine an IBM course of action in re~
sponding to the AFSCF RFP was held in the Westchester GEM conference
room on May 6, 1966.

Attendees:
C. B. Brown, MOL Project

H. G. Hoyt, Westchester GEM
R. G. Krause, Westchester GEM

R. G, Finnegan, FSD Marketing
J. P, Jones, FSD Marketing

R. Harris, Jr., FSC WC Manager

J. E. Hamlin, Advanced Programs
J. V. Klotz, Advanced Programs
J. J. Selfridge, Advanced Programs

R. B, Talmadge, FSD Space Systems

A proposal organization and teaming considerations were presented and
discussed. Everyone present generally agreed that the RFP will require a
systems response with standard computing equipment, special equipment,
engineering services and programming. Thus, FSD should plan to respond
for IBM.

The attached organization chart illustrates the responsibilities delineated
below.

Mr. J. E. Hamlin, as Proposal Manager, will be responsible for IBM's
systems bid, making sure that our response is complete, competitive and
timely by using all necessary IBM resources.

Mr. R. G. Krause, SSD and Aerospace DP Account Representative, has
customer account responsibility. He will be Prcposal Manager for the

Section 3.3 Page H/13
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DP portion. Since the account is a DP account and since Mr. Krause
has IBM responsibility for it, he must concur with all phases of the pro-
posal's development, develop the marketing plans associated with it,
and approve the final proposal itself before submission.

Mr. J. V, Klotz, Advanced Programs, will be responsible for the Manage-
ment Proposal, including the Program Office Organization, Functions, Plan,
Personnel and Facilities.

Mr. J. J. Selfridge, Advanced Programs, will be responsible for the
Technical Proposal including the system design, equipment configuration,
programming, systems sngineering, and the detailed project implementation
plan. Mr. Selfridge will integrate the efforts of the FSD Engineering Lab
and SDD Special Engineering.

As explained by Jon Klotz, FSD intends to bid prime at this time. Outside
of preseat SCF coniraciors, there does not appear to be any advantage to
teaming. An arrangement with one and not the other of the present SCF
integrating contractors may not look proper to the USAF. Since only one
of the present contraciors is interested in teaming with IBM, we plan to go
prime deferring final decision until receipt and analysis of the RFP,

Other points covered in the meeting were:
a. The need for a kackup equipment configuration for the STC.

b. The need for further technical meetings and agreements between
the people concerned with the technical proposal.

Note: In regard to {a) and (b) above, meetings will be held in
Poughkeepsie starting on May 10, to develop a backup equipment
configuration and tc determine the SDD support available for the
proposal and coniract implementation.

c. MOL Project support to the proposal will be provided through
Mr. R. G. Krause.

d. DP will, as a separate course of action, continue to market IBM
' standard products io other blddfigs.

%

Selfridg
J18/pc
cc: Attendees
F. E. Chappelear T. Gill
G. B. Gerrich J. W. Haanstra
W, B, Gibson C. E. McKittrick, Jr.
Section 3.3 Page H/14

5/20/66




Proposal Manager
J. E. Hamlin

R.G. Krause

Westchester
G.M,

MOL Project

Technical
Proposal
J. J. Selfridgd

IBM CONFIDENTIAL

Management

Proposal

J. Klotz
Engineering
Laboratory

C.J.Hesner

System Desigy
and
Implementatio

is}

® Standard and

Special
Engineering
Poughkeepsis

Special Equipment

e Programming

ADVANCED DATA SYSTEM

MANAGEMENT ORGANIZATION FOR THE PROPOSAL

C Section 3.3
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MOL STANDARDIZED CALL/TRIP REPORT

Customer/Prospect Name (1)_Air Force Satellite Control Facility (15)

Individual(s) contacted (16)Col. H.R. Minckler, SCF Advanced Planning _(59)
Office

Your Name (60) R.G. Krause, J. Klotz (70) Date (71)___5/16/66 (76)

Summary of Facts Covered:

The purpose of the call was to discuss the SCF posture on lease versus
purchase. The subject was very timely inasmuch as Colonel Alton and
Colonel Minckler had just returned from Washington where Colonel Alton
had been giving his briefings on the upcoming RFP to replace equipments

in the SCF. Colonel Minckler met with Colonel Alton frequently while in
Washington and made the following comments about the Washington briefing:

"The problem of lease versus purchase came up again. GAO, which
thinks in terms of commercial machines, was trying to fit the SCF into
its commercial views. These people do not understand the SCF's

R&D role, nor its systems approach. Colonel Alton presented Colonel
Hedrick's view that he firmly believed in lease since it allowed him to
retain flexibility. Colonel Hedrick would like to move equipment in
and out as needed instead of being stuck with purchased equipment."

This is one more substantiation of earlier expressions by Colonel Hedrick
on this subject, both in his trip to Poughkeepsie, and in the call Bob Evans
made in February. In practically every conversation with Air Force and
Aerospace personnel concerning data processing equipment, I have been
asked if that item could be leased; therefore, it is absolutely essential
that any computer equipment bid to the SCF be made available for lease.

R. G, Krause

RGK/Ir
cc: Mr. C. B, Brown
Mr. F. E, Chappelear
Mr. W, B. Gibson
Mr. J. E. Hamlin
Mr. H, G. Hoyt
Mr. J. Klotz
Mr. C, E. McKittrick, JIr.
Mr. J. J. Selfridge

Section 3.3 Page H/16
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MOL STANDARDIZED E¥XCX/TRIP REPORT

Customer/Prospect Name (1)__IBM - Poughkeepsie, N, Y, (15)
Individual(s) contacted (16) __SDD Personnel (see below) (59)
Your Name (60) G. West (70) Date (71)_ May 18, 1966 (76)

Summary of Facts Covered: J. Selfridge, C. B. Brown, R. Talmadge and G. West
met with SDD personnel in Poughkeepsie on May 10-11, 1966, to discuss the
computer hardware requirements of the SCF project. Joe Terlato, Dave Dossin,

Jim DeRose, Chuck Harden, Ron Hurley, and Lloyd Cudney of SDD were present
at the meeting.

We reviewed the features of the Model 9020 which led to its tentative selection
as the STC buffer computer. We then inquired concerning feasibility and cost
of having similar features developed for the Model 44 as a backup STC configura-
tion in the event the rental price for the 9020 cannot be obtained or determine
that the STC application requires more compute power. The features needed,
listed in order of priority, are as follows:

a. A multi-processor configuration; i.e., shared memories and cross

communications between processors;
b. Malfunction detection and configuration control;
c. Stand-alone storage and compute elements.

Joe Terlato indicated that the 2 and 3-processor shared memory configuration of
Model 44's is known to be feasible but doubted that a 4~processor configuration
would be practical. The primary problem is a lack of space for additional circuit
boards in the Model 44. He estimated that the engineering cost to develop
9020-type error detection and reconfiguration capability and stand-alone memories
would be on the order of three quarters to one million dollars. This expense does
not seem justifiable for the STC application alone. We were not certain that the
3-machine configuration of Model 44's can accommodate the I/O components
required for the STC. A second HSMPX channel is needed, and the space usually
occupied by that circuitry may be taken up by the shared-memory boards.

We requested clarification of the error detection and fault isolation capabilities
of the RTS shared-memory 44's. A list of questions on the Model 44 was compiled
to be answered by the engineering people at Hursley. The questions were:
1. Explain the error-checking technigues in the Model 44 processor.
What triggers the machine check indicator?
2. Is it possible to have two HSMPX channels and the shared-memory
feature by rearranging the circuit boards ?
3. Does a four-plex configuration of Model 44's appear feasible?
4, Can anything be done to improve the error detection capability of
the machine?

Section 3.3 Page H/17
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The call to Hursley was not completed while we were there, but Dave Dossin is
to provide us the answers,

Joe Terlato promised the full support of SDD in our SCF proposal effort and
assigned Dave Dossin to work with us on any problems that might arise.

G. West
GW:jh

cc: C. B, Brown
D. Dossin
R. Hurley
J. J. Selfridge
R. Talmadge
J. Terlato
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MOL STANDARDIZED €211,/TRIP REPORT

Customer/Prospect Name (1) IBM - Atlantic City - FSD (15)
Individual(s) contacted (16) FAA Project Staff (59)
Your Name (60)__ G. West (70) Date (71) May 18, 1966 (76)

Summary of Facts Covered:

G. West (FSD, Los Angeles) and T. Sawyer (DPD - Westchester Branch) met with
FAA project people in Atlantic City concerning the characteristics and status of
their real time control program for the Model 9020. The management personnel
for the Project were busy dealing with FAA people and we were able to see them
for only a few minutes.

Jack Duey gave us a rundown on the plans and status of the control programs, and
answered our technical questions. It appears that a good portion of their program
design is directly applicable to the SCF control program. However, the FAA
computer program itself will by no means satisfy the SCF requirements. The
principle differences are the following:

a. The FAA software does not have to run in a secure environment, hence, it
has, at best, a rudimentary memory protect scheme.

b. Since data from one flight can be mixed with other data from other flights,
all processing routines cycle through their message queues prior to exiting.

c. Data is passed via common "message queues" which are not secure.

d. The sequence control portion of the SCF control program should be compatible
with the Model 44, while the FAA monitor need operate only on the Model 9020.

e. Some of the I/0 components in the SCF differ from the FAA configuration. The
FAA program has no capability for handling disks or 2250 displays. However,
this display code could be used with minor modification.

The FAA control program (excluding OEAP) will have about 12k words of code, and
it appears that the direct labor cost will be 9-12 man vears. Hank Warren
discussed the I/0 portion of the control program with us.

Some design documentation has been produced, and we desire to have copies of
the existing documentation and to be placed on the distribution list for future
documents concerning the control program. Art Geiger recommended that we make
a written request for this material.

G. West

GWTS:jh T. Sawyer
cc: C, B, Brown, E., Chappelear,
W, B, Gibson, J. J. Selfridge
Page H/19
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GEM Region
Air Force Programs
Washington, D, C.

June 1, 1966

MEMORANDUM
TO: Mr. W, B. Gibson
LA Aerospace
SUBJECT: SCF Advanced Data System

We learned this week in calls at USAF R&D that financial considerations
continue to be a major concern in this procurement. The RFP will not be
released until funding is resolved, probably after the first of July. According
to R&D, the announcement of the procurement in Commerce Business Daily
was premature and SSD has been so advised.

As mentioned in my memo dated May 26, initial operating capability of ADS

is planned for January 1969. The competitive RFP will address only the Bird
Buffers and Remote Tracking Computers, however, and the 3600's may be re-
placed sole-source with 3800's. An operational date of January 1969 makes
it feasible to consider purchase of the installed 160A's. As a result, the
160A's are on the Air Force "Buy List" and will be bought as soon as purchase
funds are available.

R. P, Bruns
RPB:mr
cc: Mr, J. W, Richardson, Local

Mr. H, G, Hoyt, LA GEM
Mr. R, C, Strang, FSD

Section 3.3 Page H/20
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TO: . R G. Krause-

SUBJECT: Status Report of SCF Simulation as of July 20, 1966

The simulation of the proposed 9020 System for the Satellite Tracking
Center using 7094 GPSS III has reached a point where some progress can
be reported. The model for simulating the 9020 System assumes the

following:

1. a configuration of 4 CE's, 4 IOCE's each with multiplexor and
3 selector channels and 8 memory boxes of 262K bytes each.

2. that there will be 10 tracking sites communicating with the STC
via dual 2400 baud lines.

3. 14 missions will be supported simultaneously.

4, 3 2314 disk file units which will communicate between the
3600's and the 9020 System.

The model presently simulates the following:
1. message traffic from the tracking sites via 2400 baud lines.
2. 100 wpm teletype message traffic into the system.

aitention interrupts from the 14 mission control rooms from the
2250's.

4., updating of displays and 2311 disk files in the system control
area and mission control rooms as a result of 1, 2, and 3.

5. updating of 2314 disk files as aresultof 1, 2, and 3.

6. updating of 2311's in mission conirol rooms as a resultof 1, 2,
and 3.

The results of this data can be summarized as follows:
1. |utilization of core and CE's is low (1-14%).
2. utilization of 2314 is about 30%.

Section 3.3 Page H/21
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3. queues as defined in the model practically do not exist with the
exception of those waiting for updating of 2260's in system conirol
area--these still are not large, max. length of 4

4., additional modification and additions to the model will include
simulating the following:

a.
b'

c.

d.
e.

inputs from the 3600's via the 2314

generation of attention interrupts via the 2250's in
the system control area

message transmission to the 10 tracking sites via
the 2400 baud lines

100 wpm teletype message output

make further verification 1o see model simulates real
world.

The conclusion that can be drawn from what has been learned up to the
present date is that the simulated 9020 System, as indicated above,
(/ has not come close to becoming saturated.

KIF:jle

K. I, Friedman

cc: F. E, Chappelear
J. J. Selfridge
W, B. Gibson
C. B, Brown
T. H., Sawyer

Section 3.3 Page H/22
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CUSTOMER NAME: Satellite Control Facility
Remote Sites
Space Systems Division, AFSC
Inglewood, California

REGION: GEM

DISTRICT: Western

BRANCH: Los Angeles Westchester
BRANCH MANAGER: Skip Hoyt

ACCOUNT MANAGER: Ed Chappelear

DP SALESMAN: Bob Fairbanks
Bob Krause
Bob Oller

FSD REPRESENTATIVE: Johnny Jones

Jim Selfridge
Glen McClure
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B.2 EQUIPMENT INSTALLED AND SYSTEM DESIGN

CURRENT SCF EQUIPMENT

AND COST

160 A COSTS (MONTHLY LEASE RATER)
TRACKING STATION CONFIGURATION - SINGLE SITE COST

SUB

ITEM ‘ NO. FEACH SITE TOTAL 160 A SYSTEM TOTAL
160 Main Frame 2 2250 4500
166-2 Printers 2 690 1380
169-2 Memories (16K) 2 200 4000
167 Card Readers 2 460 920
603 Tape Drives 8 050 4400
161 On-Line Typewr. 2 262 524
162-3 Data Synchron. 2 600 1200
| 16924
4 Single Sites (Bach 16,924) 8 Dual Sites (Zach 33, 848) 169, 240

Section 3. 3.1 Page B. 2/1
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VHF RF
PCM TELEMETRY
SYNCHRO TRACK DATA
COMMANDS
TLM-18 PEMONE Az, EL, RANGE RATE. STATUS
ANTENNA GITAL
TERMINAL,
T
256 BIT SYNC
PCM
SLAVE ALLOW
SYNCHRO SLAVE BUS
TLD
ANTENNA N
SYNCHRO POSITION X
AZ, EL, TRANVERSE,
N €
apT | RANGE RATE, STATUS
q DIGITAL COMMANDS
! ANALOG COMMANDS
SGLS ANALOG ECHO CHECK
(PRELORT) | DIGITAL ECHO CHECK
ANTENNA SYNCHRO SLAVE BUS
A
SYNCHRO SLAVE POSITION
v
( RpT | AZ: EL: RANGE, STATS
- LS DISPLAYS
NSO|
DISC-ON-ROD | SYNCHRO SLAVE BUS
OR FLAT- -
PLANE ARRAY |_SYNCHRO POSITION
ANTENNA

AZ,EL, RANGE RATE,
STATUS

)

E>200%% ZOo™H»R®W

ox>Oow
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Aétachment 2. PCM Telemetry Ground Station Subsystem and Interface Units
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PRELIMINARY

BRIEF OF EXPECTED RFP FROM AF SSD FOR
~ REMOTE TRACKING STATIONS

PART I.v HARDWARE CHARACTERISTICS AND REQUIREMENTS

The Remote Tracking Stations (RTS) of the Air Force Satellite Control Facility
(SCF) ére believed to rejuire upgrading to meet new and expanded requirements
for tracking, commanding and telemetry. An RFP is expected from AFSSD which
will delineate Improvements which are required in the digital handling subsystem.
The digital data handling system iﬁbludes computer equipment, associatedperipheral
equipment, real time input-output channels and software. Specifically, the existing
subsystem expected to be replaced includes the presently installed CDC 160A
computer real time I/O peripheral devices and software. In addition, bidders

will be expected to submit alternate proposals which include incorporation of
functions now performed by the existing Input/Output Buffer (IOB) and the
Computer Communications Convérter. This would enable the computer channels
to interface with the Command Loglc Equlpment(CLE/ , the DlgltalCommamf
Buffer (DCB), the Station Operators Console(SOC), Timing Data Genefator(TDG)
Computer Data Terminals (CDT), Antenna Servo Control Registers, the KG-13

and teletype(TTY),

Alternate proposals are believed acceptable especially in computer real time
channels and control equipments. Alternate(s) préposals should, if possible in-
corporate: Display consoles of the computer driven CRT type which permit the

station operator to monitor and modify station operation through access to

through a keyboard; the functions of the Telemetry ia Processor Mod. II{TDP-2)if

Section 3.-3.1 : : Page E. 2/8



the functions it performs can be performed economically in computer and/or

channel equipment; Digitizing of analog telemetry data, and decommotation of
PAM, FM/FM and PCM now performed by TM ground stations in the RTS maj
also be considered for inclusion in the proposal if overall station performance
can be improved, leads to greater standardization and is economicaliy feasible
(in any case the computer equipment proposed should have the basic capability

to integrate these functions at a later time.

1/O equipment now interfacing with the present computer is formatted into 12
bit words. Some of these equipments have been designed to be expandable to
larger word sizes. The current equipment configuration is shown in attachment
1 and ’2 . The proposed Systein should optimize the interface word length to

increase speed and minimize interruptions.

The use of CRT displays will, in effect, cause certain of the functions now
performed by the SOC or CLE to be redundant. Alternate proposals should

clearly delineate portions of the SOC, DCB or CLE which may be eliminated.

"The proposed systems should provide a multiprocessing capability, i.e. all
processing units should have access to all preliminary storage so that programs,
tables, and data are available to all processors. The multiprocessing approach
selected should provide a fail-soft capability without the need for complete

redudancy of computer elements.

Section 3. 3.1 ' " Page E.2/7
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Input/Output at the Remote Tracking Stations consist of telemetry inputs from

the Telemetry Data Processor Mod. II;

Operators Console;

inputs from and outputs to the Station

inputs from and outputs to the STC at Sunnyvale (CCCj);

inputs from and oufputs to the Digital Command Buffer; and a variety of contrcl

signals and data to and from other station equipment. The data channels

SOC In
Out

Command In

Equipment

Out

Site/STC 1In

Communications
Out

TTY In
Out-

Section 3.3.1

to output words greater in length than

12 bits).

(4) individual control bits
(2) 4 decimal digit numbers
(1) 2 decimal digit numbers
(26) individual condition bits
(4) 5 decimal numbers

(22) individual condition bits
(5) 2 decimal digit numbers
(4) 6 bit quantities

(1) 5 bit quantity

(3) 12 bits :
(4) 2 decimal digit numbers
(1) 4 bit

1 :

required and data rates - assuming 16 bit in/out channels - are as fcllows:
Equipment Channels Rate
Telemetry 1 (Note: the TDP-2 may be modified 80 KC, 12 pit

words per sec.

less than 1/sec.
less than 1/sec.
less than 1/ sec.
less than 1/sec.
less than 1/sec.
less than 1/ sec.
less than 1/sec.
less than 1/ sec.
less than 1/ sec.

2500 wps max.

~

less than 1/ sec.

1/sec.

100 12 bit words/sec

with parity check

100 12 bit words/seac
with parity generatic

60 wpm
60 wpm

Page E. 2/8
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_4_
Timing In (17 bits) | 1/sec.
(20 bits) : 1/sec.
(10 bits) less than 1/sec.

(Note: 10 bit input is presently
from 1/0 typewriter)

Antenna 1In 2 12 bits, 10/.sec.
(RAE) Out 3 12 bits, 20/ cec.
Status In 24 (Individual bits) less than 1/sec.
Switching In 18 (Individual bits) less than 1/ sec.

1 (2 bit indication) less than 1/ sec.

TELEMETRY DATA PROCESSOR MOD, II.

The TDP - Mod. II is a buffering and multiplexing device capable of handling:

(4) digitized PAM FM/FM inputs at 900, 12 bit, words per seéond; (1) continuous
analog data PAM or FM/FM at 40, 000 samples per second for which the TDP-1I
also performs scanning and digitizing; (2) low speed, 256 bits per second,

VE LA-PCM data stream; (3) medium to high speed PCM parallel inputis,
typical speeds are iO,.QOO and 83, 000, 12 bit words/second. The TDP-II outputs
12 bit words, status or data td the telemetry computer. Each word contains
source identification (1 to 8 sources) in addition to Sync. identification. status or

data bits.

The TDP-II also provides the System Time Code Word to the telemetry processor

on a separate output channel,

The maximum data rate fromthe TDP-II is encountered from high speed PCMI
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at one megabit. One input word would be required at each frame and subframe

indication. Outputs to the TDP-II is one 12 bit word to select one of eight

TDP-II channels or input words (data or status).

STATION OPERATORS CONSOLE

Inputs from the SOC are used to inhibit STC Communications, select the

Command Mode, computer or manual, to start and stop manual commanding,

to set the command reject level, and to enter and verify the number of the current

and next vehicle to be commanded.

digits. Command reject level réquires 2 decimal digits.

One bit outputs to the SOC are as follows:

‘Section 3.3.1

Computer verified ,
Acquisition program in process
Acquisition program ready
TM ant enna manual
TM antenna search

TM antenna slaved

Automatic Tracking

Radar manual

Radar search

Radar slaved

Locked-on

Command equipment not ready
Command equipment ready
Timing ready ‘
Timing not ready

TM ready

TM not ready

Radar tracker ready

Radar tracker not ready-

FEach vehicle number requires 4 decinial

Page E.2/10
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(, Command computer ready
Command computer not ready
Radar tracker digital
Radar tracker analog
Computer Auto Commanding ready
Computer Auto Commanding in progress
Computer Automatic Commanding Completed

Outputs to the SOC also include 5 decimal digits for each of the following
indicators:
Estimated Time of Arrival (ETA) Current Vehicle
Estimated Time to Track (ETT) Current Vehicle
Estimated Time of Arrival (E A) Next Vehicle
Estimated Time to Track (ETT) Next Vehicle

Each input or output to the SOC normally occurs at speeds greater than once

‘per second and are negligible in any I/O timing or interference calculations.

- COMMAND EQUIPMENT
The command equipment is presently known as the Command Logic Equipment
and will be replaced by the Digi’cal Command Buffer. Inputs from the Command

Logic Equipment are as follows:

One bit inputs ;

. Command Transmit Request
Analog Manual
Remote Enable
Computer Automatic
Master Control & Display Unit
"Computer Command Advance
Reject Count Clear
Accept Verifications
Reject Verifications

_ Digital Manual
C ‘ Single Command

Section 3. 3.1 | Page E.2/11
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Analog Long
Repetitive
Repetitive Stop
Computer Automatic Stop
Error Override :
Manual Verify
Spoof Reset
Command Verify
Analog Command Error
Verification Accept
Verification Reject

Eight bits or two decimal digit inputs
Command Number Select
Repetitive Number Select
Reject Level Select
Vehicle Verification
Transmission Count

( Six bits inputs are
- Master Control & Display Unit Command Number
Master Control & Display Unit Command Data
Analog Command Verification
Analog Echo Check

Five bit inputs are
Echo Check

Outputs to the Command Equipment are as follows:

One bit outputs in three words
"V'" command bit
"O" command bit
"T"" command bit
End of Word
Storage reset - 2 commands, 1 ms and 50 ms.
Command error
Spook
Complete block
Analog verification error
Iraproper command
. Verification not received
( ' Command reject
Command accept

V)
~
}_J
Do

Section 3. 3.1 ‘ Page E. ¢



Reject level reached
Analog select
Digital select -
Eight bits or 2 decimal digit outputs are:
Analog command number
Improper command number
Reject count
Repetitive count number
Four bit outputs are:
Pulse width
Inputs from the command equipment are mostly manual with the except of
command verification.
Outputs to the command equipment in the present system could occur at =

maximum reate of 2, 500 words per second, i.e., a 99 word table cutput a

a 25 per second rate.

DIGITAT, COMMAND BUFFER (DCB)

.The DCB will replace the CLE and the command functions of the IOB in the
ICS (Integrated Cémmand System) and it will provide the ICS with considerably
more command énd verification capability than that provided by the CLE, It
will comprise Command Buffer logic, Authentication Buffer logic, and Command
Selection Logic.

() Command Buffer Logic

This section of the DCB will comprise the logic required to

interface the computer (through the CCP) with the SOC and

Section 3.3.1 | Page E.2/13



the SPB. Computer outputs and inputs will be formatted
and routed to and from proper destinations by means of
function code logic similar to that em?loyed in the ICE,
Command bits will be formatted and transferred by means

of logic similar to that employed in the CLE,

(b) ~Authentication Buffer Logic
This section of the DCB will comprise the logic required to
interface the computer with the Model 670 Telemetry
Processor. By means of this logic, the computer will provide

"~ the 670 with addresses to enable the 670 to decommutate the
proper verification and authentication channels. The logic will
also provide means for transferring verification and authentica-

tion data from the 670 to the computer.

(c) Command Selector Logic

This sectic;n of the DCB will provide the logic required to

select command sources, command transmission configurations,
command transmission bit rates, verification sources, and the
DCE. 1t will also provide echo check logic, loop-test logic, and

simulated verification signals for checkout of the ICS,

Section 3.3.1 , Dage E.2/14
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DIGITAL ENCODER EQUIPMENT (DCE)

The DCE is a new equipment which will operate only when the DCB is the
selected command source. The DCE will accept the formatied digital command
bit stream from the DCB, modify it, and forward it to the command transmitter,
When the DCE is in use, echo check signals will be obtained from the input to

the DCE rather than from the output of the command transmitter.

NOTE: The 670 stored-program telemetry data processor decommutates
command verification and authentication data and provides it to the computer

through the DCB.

STATION OPERATORS CONSOLE (SOC)

A new SOC command panel complex will be used with SGLS and the DCRB, The
new panel complex will not affect commanding operations when the CTU is in
the CLE mode, except possibly to add additional capability. The new command
panel complex will comprise a Primary Panel, an Analog Command Panel, a
Stepper Switch Command Panel;, a Command Status Panel, and SOC Status
Displays.

(2) The Primary Comma‘nd Panel will provide the following

éapabilities: |

(1) Selection and display of a four-digit command number.

(2) Selection and display of a two-digit repetitive number.

Section 3. 3.1 " Page B.2/15
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(3) Selection of a'one-digit reject level.

(4) Display of a one-digit reject count.

(5) Display of a three-digit transmission count.
(6) Selection and display of one of four command
sources,

(7) Selection and display of one of up to twelve

command modes.

(8) Selection and display of one of eleven command
transmission configurations.

(9) Selectionand display of computer control of command
transmission configuration.

(10) -Selection and display of one of eleven command
transmission bit fates.

(11) Selection and display of compufer control of command
transmitter.

(12) Selection and display of one of four verification

and control modes.

(13) Selection and display of the DCE, and display of

computer selection of the DCE,
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(14) Selection of a Transmit Signal and display of
Transmission in Progress;

(15) Display of Improper Command.

(18) Selection of Restricted Command Enable and display

of Restricted Command.

(17) Display of Transmission Alarm and selection of
Transmission Alarm Reset.

(18) Display of Verification Alarm and selection of
Veriﬁcation Alarm Reset.

(1,9) Digplay of Spoof Alarm and selection of Spoof Alarm

| ( Reset.

(20) Display of Reject Level Alarm and Selection of Reject
Level Alarm Reset.

(21) Display of Verificati on Accept, Verification Reject,
Verification Not Received, and Verificafion Error.

(22) Selection of Computer Command Advance.

(23) Display of Authentication Error.

(24) Selection of Repetitive Stop and display of Repetitive Stopped.
(25) Selection of Computer Auto Stop and display of Computer Auto
Stopped.

(26) Display of DCE Alafm and selection of DC¥® Alarm and

(: selection of DCE Alar{m Reset.

(W]
~.
’_.vl
Q
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(d) The Command Status Panel will provide the following

displays:

(1)
(2)
(3)
(4)
(5)

Computer Cmd Ready, In Progress, and Complete.
D DE Ready, In Progress, and Complete.

VHF Command Subsystem MSAP or ZZZ Control.
Prelort Encoder Analog or Digital Mode.

Display of Decommutator numbers 1, 2, 3 and 4 Sync & Out of

Sync.

(6)

PCM Decommutator numbers 1 and 2 Sync and OCut of Sync.

(7) UHF Command Subsystem Status.

(e) The SOC Status displays will provide Ready, Not Ready, and

Configuration indications for the following equipments:

(1)
(2)
(3)
(4)
(5)
~(8)

VHF Command Tfansmission Subsystem.
UHF Command Traﬁsmission Subsystem.
Command Antenna Complex.

DEC

DCB.

SGLS,
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COMMUNICATIONS TO AND FROM THE STC

Site/STC communications are handled by 1,200 bps phone lines and ieletyne.
The phone lines are connected to the data processing system via modems

and encryption equipinent. Inputs to and outputs from the enc;‘yption eguipment
in the present system is performed by a Computer Communications

Converter (CCC). The CCC perfoz:ms serial to parallel and parity checking
on input data. Parallel to serial and parity generation are performed on

output words. Additionally the CCC, 1in the present sys{em, selects the proper
computer for data input énd alternates between computers after each transmit
and receive operation. The CCé provides status of itself and the auto—symé
(ASU) equipment (associated with the encryption) and accepts control commands

for itself and the auto sync. equipment.

Data is transferred at a 1200 bps rate over two half-duplex lines; i.e.,

the CCC can receive on one line and transmit over the other simultaneously.

Teletype at 60 wpm can be received and transmitted at each site. TTY for the
computer is not presently entered automatically. It must be manually entered/

output via a paper tape reader/ punch.

OTHER CONTROL SIGNALS AND DATA

Timing:

‘The System Time Code Word (STCW) is input to each computer once
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each second from the Timing Data Generator. The SYCW is 17 bits in length.

The Veﬁicle Time Code Word (VTCW) is input to the computer once each
second from the VICW Interpolator. The VICW is 20 bits in length. An
additional 10 bits are used and provided through the computer typewriter to
indicate VTCW offset from the STCW. The offset is used to indicate

differences in actual and predicted time associated with tracking data,

RADAR AND TELEMETRY ANTENNA DATA

R, A, E Range Rate and Status from the Radar and TM antennas are input
to the computer as 12 bit words. These data could occur as 24 bit words. Each

antenna is read once per second for a total of 120 bps for each antenna.
Outputs to the R, A, E acquisition servos are three separate output words.
One word from each of three output channels to each acquisition servo. These

occur at the rate of 20 wps.

EQUIPMENT STATUS AND SWITCHING

Status of the station; equipment; 1i.e., ready, search, in progress, etc.,
as indicated at the Station Patch Board, SPB, is input to the computer.

One bit inputs are as follows:

Section 3. 31 , Page E. 2/20
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TM Auto tracking

" TM slaved

TM search

TM manual

TM tracker ready

MCDU ready

MCDU complete

Remote Command equipment ready
Remote Commanding in progress
Remote -Commanding completed
Radar tracker 1 on

Radar tracker 2 on

TM tracker 3 on

FM/FM 1 on

FM/FM 2 on

PAM Ground Station 1 on

PAM Ground S:tation 2 on

Decom 1 Sync Out

Decom 2 Sync Out

FM/FM rcady

TDP ready

PAM Ground Station ready

Panel is also input to the computer.

One bit indicaticns are as follows:

Section 3. 3.1

TLM Inhibit
T & C Inhibit
CCC 1A TM
CCC 1B TM
CCC 2A TM
CCC 2B TM
CCCIAT&C
CCC 1B TM
CCC 2A TM
CCC 2B TM
CCC 1A T& C
CCCIBT&C

2
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CCC2A T & C
CCcC2BT&C

T & C Computer 1,2,3 and 4
TM Computer 1, 2, 3 and 4
Command Lquipment

CCC ready

TLM Fade

T & C Fade

Two bit indications are as follows:

TDP-1

The above status and Switching data would not be likely to occur at a rate
exceeding once per second. More likely it would be ready by the computer once

per pass.

PERIPHERAL EQUIPMENT

Auxiliary storage is requifed at the RTS for program storage, data logging,
and other functions. . This storage may be tape or disk. Disk is preferred to
avoid errors which may arise in station setup and operation due to mishandling

of tapes by opcrators.

Card reading and punching equipment is required to enter program changes and

would not normally be performed as part of the real time operation.

Hard copy output printout is required at the station in advance of a PASS

~operation to provide operating instructions as received from the Satellite Test
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Center, to provide a printed record of events, and to assist in programor
equipment maintenance. This information could possibly be desired via CRT
displays at the SOC console. Real time display of data may alsc be desired at

the SOC Console.

Section 3.3.1 ' 4 Page E.2/23
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PRELIMINARY
BRIEF OF EXPECTED RFP FROM AFSSD FOR
REMOTE TRACKING STATIONS

PART-1I SOFTWARE CHARACTERISTICS AND REQUIREMENTS

OPERATING SYSTEM DESIREMENTS

The programming and operating system will be integrated for the new RTS

Data System. It will include an Exeéutive Monitqr; assembled library routines,
input/output control program for 511 peripherals, a JOVIAL Compiler, an
assembler and aloader. All RTS programs must operate under control of the

Executive Monitor.

o Executive Monitor Characteristics
The EM will control operations on both CPU's and will permit
easy transition between RTS moaeé éf operaticn by previously
scheduled information or by manual opefator intervention. An
example of this transition would be entering an STC—scheduled
Satellite PASS operation during the printing of non real-time
data in a POSTPASS mode. Information on interrupted in-process
jobs should be saved'so that processing may be completed at a
later time. Additional characteristics of the EM should

guarantee the .following:

[Ta

AV)
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a) Standard communications between the CPU's aﬁd any
operator-user.

b) Real-time access to the RTS library programs to take
full advantage of written, tested code,

c) I/O assignment tables with automat‘ic handling of hardware
locations and flags aé’sociated with traps, interrupts and
special registers.

d} Standard linkage from object programs and system programs
to commonly used subroutines within ‘t’ne EM.

e) Task assignment to available processors in prioritized
order using a multi-processing philosophy.

»f) provision of a job execution status report upon request.

g} Standard job accounting and record keeping routines for RTS

operations.

Multiprocessor Philosophy Characteristics

A multiplicity of program execution is scheduled by the EM
which also controls the time éharing of 1/O, memory, and
processors. This should be accomplished by use of a job table

specifying a list of current programes and their status, and a

($])
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memory map specifying available, in use, or unavailable (locked)

areas. The EM will also maintain tables containing file information

-

2
‘

and concomitantly control ‘{lsage of eac‘h 1/ O device. Accordingly,

a single program should be able tc be executed truly simultaneously
by the two processors referencing different sets of data. Generally,
the EM must insure the programmer the ability to believe that he

is using a single conventional computer, Sfet never let a piece of

the total system remain idle.

o System Program Sample Design
Tne design of the total set of RTS system programs will not be
designed in detail, but a2 sample design outline of important
components will be contained in the RFP to illustrate and restate

design objectives.

1) assembler -EM interplay
Assume a brogram has been read into memory for
execution. Specified program points should enable program
segmenis to operate in paraliel. When these points are reached,

the EM is entered. The action of the EM at these entrance

points depends on the itype of executive call made., iany
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entrances will be required; declaring parallel program
segments will be different from declaring the end of a
segrment. Entrances will also be required for timing, loop

s

control, job delineating statements, etc.

- Job definition and segment flagging should be possible by

means other than a transfer instruction to a symbolic
entrance name. This m‘eans should be as close to a natural
language expression as possible with no need for artificial
symbology. The assemb‘ler or compiler must be able to
accept the imperative statements of the programmer which
direct the EM to a course of action and translate these state-
ments into entrance instructions for the EM. In adaition,

the assember must construct all other entrance parameters

and a job table.

Job Table - a complete set of job tables should be loaded
by the EM to guarantee that the monitor has knowledge of

all possible parallel processing at that moment.

More considerations of system design
- Debugging on simulation tocols must be available, as well

as the ability to run the program totally on one CPU,
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= the compiler should not demand that the task to be

performed is done on rultiple processors.

= prioritization scheduled tasks should be able to be
changed in real-time. New tasks should be able to

be defined at any time.

- It should be possible to resclve memory conflicts
when CPU's are attempting to get to the same memory

module.

CENTRAL 1/0O CONTROL PROGRAM

Input and output to the CPU's will be conirclled by a Central I/ O control
program (ICC) which is, of course, controlled by the EM. The I0C will:
a) Contirol the reading/writing of records
b) Provide for overlapped I/O reading, writing and computing
¢) Perform automatic blocking and deblocking of disc file records
d) Check reading and writing errors and correct program corrigible
errors., Error analyéis should be attempted in all cases,
e) Provide sequential and random processing of data on the disc
tile.
£y Schedule the use. of disc file arms including automatic handliing

of arm failure.
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g) Alter I/O unif assignments if necessary at execution time by
means of manual intervention.

h) Insure that RTS disk packs are properly formatted and contain
standard labels. 'Labels should be written upon output and read on
input.'

i) Check/Process end-of-data file conditions

i) Write recovery-flags to facilitate restart recovery.

The IOC will provide for standard operator program communications, It

must be accessed operationally by on system program by means of
appropriate assembler/compiler MACROs, No program should be able to
initiate I/O directly without the use of these MACRO's, Execution of MACRO-
constructed instructions will necessitate entry to the Executive, and the

Executive will control and monitor the ICC,

The computer console will be consideredan I/O piece of gear, and accordingly

will function under control of the ICC,

STORAGE PROTECTION

A storage protection feature shall be provided to preserve a program if
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another erroneously attempts to store over it, whether the storage medium
is core or disc., Storage operations either from a CPU or Channel will be

subject to this feature.

Programs should be self-checking, with program or machine error producing
a unique interrupt condition so that the cause of the error may be easily

ascertained.

Software must automatically initiate corective action to the fullest possindle

( extent.

Examples of neces’s‘ar.y and desifable interrupt conditions are as follows:

A. Internal (Processor Generated) Interrupts
1) TIllegal instruction executed
2) Halt instruction executed
3) Arithmetic overflow
4) Real-time clock overflow
5) Attempt to write out of bounds
6) Parity error from memory

' “ 1 )‘ Interrugt a computer
C o ‘é) Tnitiate 1/O

9) Store interrupt mask register
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10) Store memory bounds registers

11) Exe cutive call

B. External Interrupts:
1) Interrupt from the other processor

2) Failure of an I/O device to respend
when interrogated

3) Primary power (which had falled) is
now restored

4) An 1/O operation is completed

Checkout of New Programs

The operating system should provide for facilitating the checkout of new
programs. Simple procedure for loading new nrograms with test environ-
ment and operating it must be provided. Test tools (such as console snaps,

memory dumps, tape dumps, trace, etc.) should be available.

The EM will control and monitor the operation of all programs - including

programs being debugged and associated test tools.

Automatic Graceful Dég‘radation

The principal aim of the RTS multiprocessor is to guarantee supportactivities

Section 3. 3.1
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with just one processor functioning. This requirement must specifically

guarantee that:

a) I/0O activities can be initiated on any channel from any CPU,
b) The EM is not to be permanently associated with either of the

CPU's, nor does it require the complete attention of a whole CPU.

c) CPU's must respond to all types of interrupts, including 1/O
interrupts. To avoid duplicate handling of I/O interrupts, one CPU

could be designated to receive such interrupts at any one time.

(v,: ' d) Programs must be capable to operate correctly on either CPU, ovr
if both are available. If a system component fails during task execution,
the EM must be ableto sense the condition, reassign I/O units, and
continue operations. If necessary, it snould be able to take sieps to

service tasks in a degraded mode.

In particular, if one CPU fails, the EM must reassign its current task to the
other CPU, Possible methods for notifying one CPU that the other has mal-
functioned might be:

1. A unique interrupt signal is generated, by & malfunction which

interrupts the other CPU,

Section 3. 3.1
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2. The malfunction make s’;a status register - aadressable by the
other CPU and tested each time the EM is operated therein - to
change state.
NOTE: In either case, the EM when op‘erated by the still-functioning CPU
should take note, institute recovery action, and output appropriate alarm

messages.

As mentioned earlier, both CPU's must be able to receive and act on I/ O
interruptions, but onlyvone CPU is so designated at any one time. When the

EDM schedules tasks to a CPU, or attempts to find tasks and fails, it determines
which CPU has the lowest priority activity and selects that one to receive /0
interruptions, until the next task assignment is considered. I a malfuncticn
occurs in the designated CPU, the EM should automatically switch 1/C

interrupts to the operable CPU,

If component failure is so serious that full operation cannot continue, the
Executive must decide which functions to perform and delete. It is conceivable
that the type of failure would determine which tasks would be performed;
however, in general, selecting the tasks to be retained would be done: 1) on
the basis of the predetermined priority associated with each task, or, 2)

by shifting some <i the tasks normally performed at the RTS to the STC, or, 3)
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by a combination of 1) and 2).

Job Accounting

Standard job-accounting and record-keeping programs will be provided. The

Executive will account for elapsed time on each CPU and on each I/C device

according to program (Satellite Project) office. The job accounting code will
be provided at the same time as tﬂe job request is made. During vehicle-

related activity, the vehicle number may serve to correlate to the zopropriate

[ N

accounting code. Start, stop, and elapsed time figures for each job, and
related statistics, will be displayed or sent over the 2400 bps lines uoon

request.

PROCESSING PROGRAM REQUIREMENTS

& TLL Program Characteristics
Telemetry programs should be able to accomplish the
: following: |

1) Input’data from up to eight sources

‘2} Demultiplex data

3) Establish synchronization

4) Compress and proces s data
a) Normalization
b) | Compression algorithms (flexibility, several aléorithms

operated on same point)
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c) Ability to group individual TLM points
d) correlation of telemetered events with transmitted
command

e) Time-tagging of data

Data display at SOC
Data transmission to STC
Digital recording of TLM data (excluding one megabit PCM)

STC Control of TM processing

Tracking and Commanding Program Characteristics

1)
2)
3)
45

5)

0y

Calculation of pointing data from minimum parameters
Input and processing of tracking data

Output of pointing data

Data tranSrnission to STC

Data display at SOC (TRK and CMD)

Digital recording of TRK data

STC control of report rates and antennas

STC control of commanding

CMD data transmission to STC

- 10; Command rates of up to 10 XC

Section 3. 3.1 Page E.2/35
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11) Extensive echo checking and CMD verification
12) Ability to make command mode changes
13) SOC control of site computers

14) Digital recording of CMD data

NOTE: Software RFP may request that Diagnostic and Utility programs be

integrated with the operational sy‘stem.

C - i
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REMOTE TRACKING STATIONS - SATELLITRE CONTROL
’ FACILITY

The proposal IBM submitted in Jult of 1964 to the Air Force Space Systems
Division and Aerospace Corporation recommended a two machine configuration
of System 360 Model 40 operating in the multiprocessing mode to provide load

sharing and a fail-soft capability. This proposal was unsolici ted and it was

intended that System 360 would replace two CDC 160A's each operating independ =

are leased at an approximate rental of $16, 900 a month, With shared memory an
two Data Communication Channels {29XX) our Model 40 system rented for

approximately $24, 450 a month.

Since July, 1964, IBM has announced {he Model 44 and the 1800. The customer -
has been continuously supplied with information on these equipments. This has
led to them being conditioned toward a Mcdel 44 multiprocessing system with
an 1800 front end and an OEM Channel. This could permit them to add more

of the telemetry preprocessing to the computer system.

Section 3. 3.1 ‘ Page §.3/1
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RPQ's SCF REMOTE SITES & BIFD BUFFERS

Below is a listing of the subject RPQ's with quantities and acceptable
prices. Note the price of a particular RPQ is not significant in itself,
except as it affects the total site configuration costs. The site rental
(bottom line of attached equipment lists) is the important figure.

Remote Tracking Sites

F16233 Shared Processor Storage - M44 12 300

F16584 Switch, Program Controlled, 3 x 3 3 500

F16585 Attach 2814 to M 44 9 n/c

F16587 Switch, Program Controlled,; 2 x 2 6 300

F16676 Quick Disconnect Cables - 2250-1 15 20

F16677 P4 Phosphor - - 2250-1 15 20

) F16xxx Shared Processor Storage, 3-way - M44 9 300
(, Floxxx Telemetry Instruction - Special - M44 21 200
Fl6xxx Direct Data Connection - 32 bit 21 200

Floxxx Simulation Instructions - M44 21 300

Bird Buffer

Fl6xxx Telemetry Instruction - Special, 9020 2 200

Fl6xxx Attach 2814 to 9020 6 n/c

F16xxx Switch Unit - Voice Line 1 1,100

Fl6xxx 2902 with 10 SDA Adapters 2 4,000

c Section 3.3.1 Page E.3/2
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Unit

CPU's
2044-F
©'3895
5248
4598
4560
6415
RPQ
RPQ
RPQ
RPQ
RPQ

Displays
2814-1
2250-1

1002
1245
1880
5855

RTS SINGLE SITE - DUAL CPU - 360/44

Description

Processing Unit, 65K bytes
External Interrupt

Mpx Channel

Hi Speed Mpx Channel - first
Hi Speed Mpx Subch. add 1lst
Second Single Disk
Telemetry Inst.

Simulation Insts.

DDC Channel

Shared Processor Storage
Storage Protection

Switching Unit

Display Unit

Absolute Vectors
Alphameric Keyboard
Character Generator
Program Function Keyboard

Communication

2701-1
7862
7696
3815
3855

Data Adapter Unit
Teletype Adapter Type 1
Sync. Data Adapter Type 1
Extended Capability
Expansion Feature

Digital I/0

1827-1
3284
3289
3262
3286
3285
3296
3295
3612
6125

Data Control Unit

Digital Input Basic

Digital & Analog Output Base
Digital Input Adapter

Digital Input-Voltage

Digital Input-Contact

Digital Output Control
Digital Output Adapter

Elec "Contact" Operate
Register Output

Additional Options:

2501
2311

‘Section 3.3.1

Card Reader & 1443 Printer-Switched

Disk (1 control, 2 drives)

Qty.
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Rental

$ 9,330
60

700
1,300
250
460
400
600
1,600
600
300
15,600

125
700
300
50
300
100
1,575

400
150
400
50
160
1,160

380
140
140
80
280
32

30

30
120
46
1,278
$19,613
1,435
2,450
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Unit Description
CPU's
2044-~F Processing Unit, 65K
3895 External Interrupt
5248 Mpx Channel
4598 High Speed Mpx Chan.
4560 High Speed Mpx Subch. add 1st
6415 Second Single Disk
RPQ Telemetry Inst.
RPQ Simulation Insts.
RPQ Direct Data Channel
RPQ Shared Processor Storage
RPQ Storage Protection
Displays
2814-1 Switching Unit
2250-1 Display Unit
1002 Absolute Vector
1245 Alphameric Keyboard
1880 Character Generator
5855 Program Function Keyboard
Communication
2701-1 Data Adapter Unit
7862 Teletype Adapter - 1
7696 Sync. Data Adapter
3815 Extended Capability
3855 Expansion Feature
Digital 1/0
1827-1 Data Control Unit
3284 Digital Input Basic
3289 Digital & Analog Out Basic
3262 Digital Input Adapter
3286 Digital Input-Voltage
3285 Digital Input-Contact
3296 Digital Output Control
3295 Digital Output Adapter
3612 Elect. Contact Oper.
6125 Register Output

RTS DUAL SITE - 3 CPU - 360/44

Additional Options:
2501 Card Reader & 2 1443 Printers-Switched
2311 Disk (2 controls, 6 drives)

Section 3.3.1
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Rental

$13,995
90
1,050
1,950
375
690
600
900
2,400
900
450
23,400

250
1,400
600
100
600
200
3,150

600
225
600
75
240
1,740

570
210
210
120
420
48
45
45
180
69

_L,917

$30,207

2,510
4,700
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RTS SYSTEM SELECTION CRITERION

Central Processor Units
CPU requirements for the RTS and typical of tracking stations. They are:
High reliability
Fail Soft Capability
Automatic System (Minimum operator intervention)
Load Sharing
High Speed data acquisition
High Speed Scientific Computing
Minimum possible physical space

Price

The following CPU's were evaluated against the above requirements:
System 360/40-44-50
9020

1800

Of these 5 CPU's the System 360/44 comes closest to satisfying all require-
ments, with Price/ Performance, planned data acquisition capabilities, and

space required as the major advantages.

Memory Size - 16K 32 bit words per processor.

The present system is built around CDC 160 A's with 24K,12 bit words

Section 3.3.1 Page E. 3/14
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per processor. This is considered to be roughly equivalent to 8K 32 bit words

on the 7044,

The requirements of range are increasing three ways:

1. More Satellites
2. More data per satellite
3. Higher Transmission speeds.

The 16K 7044's will handle more than twice the present RTS load. The shared
memory will allow one mo del 44 to handle the total job in a degraded mode in

case of failure.

The JOVIAL compiler available for the 9020 will require modification to operate

in this size core.

Disk
Each CPU has access to 2 sets of 2311's and 1 internal single disk.
The disks are attached through two High Speed Multiplexor subchannels. A

single failure can cause the loss of less than one half of the total disk capacity.

During normal operation, the disk major assignment is:
Internal disk - Programming Systems Residence and Telemetery
mode tables.

Section 3. 3.1 Page E. 3/15
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2311's. - Log input telemetry data during satellite pass.

These disk functions are presently performed by 16 magnetic tape drives.

The telemetry data recorded during a 10 to 15 minute satellite pass, will
fill up to six disk packs, requiring physical pack replacement during the pass.
A minimum of two operational 2311's per satellite tracked are required. Degraded

operation due to a system failure will met this minimum.

2250 Display Consoles

The 2250's are used for input & aisplay as the major portion of the SOC (Station
Operators Console). There are two 2250's per SOC, The first is used primarily
for Tracking and Commanding information. The second is used primarily for

Telemetry data.

In case of 2250 failure, the displays serve as backup for each other. In case of

2840 control unit failure, the 1443 line printer serves as backup.

OEM ¢ hannel (DDC)

The high speed input to thev system is through the TDP#2. The present data

rate is 80K 12 bit words/sec. This data rate will be increased in the future
(approximately doubled). The increased speed will be both in the form of longer

word length and faster word transfer.

Section 3. 3.1 Page E. 3/16
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The OEM Channel is required to minimize the inteference inherent to the

byte mode of transfer, and to provide ease in hardware interfacing.

1827 Data Control Unit

The 1827's are included to handle the miscellaneous digital inputs and outputs
from the Station Operators Console and the radar positioning indicators.
Backup is recommended here by the manual changing of a patch panel to tie

in a particular 1827s Digital inputs and outputs.

2701 Data Adapter Unit

The 2701's are included to provide the communication capability to the STC,
via both the telephone and the teletype lines. For backup, it is recommended
that manual switching be done on the telephone and teletype lines themselves.
Switching at this point is considerably simpler than switching at the input to the
2701 or the input of the Dataset. In addition, this approach provides backup to

the Datasets as well as the 2701's.

2701 & 1827 vs, 2909 or PAM (7289-02)
Features similar to the communication and Digital 1I/O specified in the 2701

and 1827 could be accomplished ina 2909 or a PAM (7289-02) .
All features supplied in the 2701 and the 1827 are standard or close to
standard and therefore supply attractive pricing.

Section 3. 3.1 Page E. 3/17
12/15/65



IBM CONFIDENTIAL

The 7289 could be more seriously considered if rental prices were

available.

The 2909 could be mor e seriously considered if it were approved for the

360/44. The present base price on the 2909 is too hi gh.

Section 3. 3.1 Page E. 3/18
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Department B70
Building 951
Extension 5-7202

April 21, 1966

Memorandum to: Mr. W, B, Gibson

Subject: Our Meeting of April 13, 1966 ~ MOL

Referring to the notes that I took, here is my summary of the key points
discussed in our day-long meeting:

1)

(2)

(3)

(4)

)

Present information on the current status of the RFP is that it has
been written, has begun final review and sign-off procedures, and
is due out between May 1 and May 15.

The RFP will call for a technical response in the following areas:

(@) remote site hardware

(b) bird buffer hardware

(c) control programs for both systems

@) diagnostic programs for radar and communications equipment
(e) communications switching

For remote site hardware a single engineering design based on
triplex 360/44's will be pursued. This design will permit a duplex
system to exist by disabling the circuitry for the 3rd CPU.

Because of the requirement to maintain a 1.25 us storage cycle, the
physical configuration of the triplex system will be as shown in
figure #2 of D, D. Dymond's letter of February 23, 1966. Mr. Ted
Charbonneau accepts the responsibility to obtain Field Engineering
concurrence that this configuration is maintainable.

It was pointed out that RPQ #F16955 (special switch for voice grade
lines) has been submitted to SDD but was in suspense because
Mike Burke of FSD was working on a solution. FSD's progress on
this special switch was unknown. More information on the switch

will be obtained by SDD to see if it is a product of interest to Raleigh.

Section: 3.3.1 Page £.3/19
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(6)

(7)

(8)

(9)

(10)

(11)

(12)

IBM CONFIDENTIAL

FSD plans to write a single control program multiprocessing
operating system with the following characteristics:

(@) capable of operation in both the 360/44 and the 9020
(written with reduced instruction set).

(b) will be completely re-entrant.

) will feature multi-tasking and use a common task table.

(@) will have a single 10S,

(e) will have a multi-level priority scheduling system.

(£) will have a security system very much like that currently
planned for 0OS/360 (software security).

(g) supports both store and fetch protection.

(h) will have an interface to the standard unit diagnostics so

that they may be run under control of the operation system.

FSD states that no checkpoint/restart function is required and will
not be written,

FSD estimates that the magnitude of the programming system will
require approximately a 100 man effort.

All application programs for MOL are to be written in JOVIAL

(SDC version). Since no JOVIAL compiler exists for the 360/44,
FSD had hoped that SDD would modify JOVIAL to produce only
re-entrant code, and use only the 44 instruction set. J. M, Terlato
stated that SDD would not undertake this modification and requested
Mr. J. Selfridge to include this effort in the FSD cost estimate.

DPD expects SDD to provide a System Diagnostic Monitor and unit
diagnostics ior all IBM hardware. This was agreed to by Mr. Terlato.

The hardware definition of triplex 360/44's was felt to be weak in a
number of areas. SDD accepted the responsibility to rewrite the
specification to more clearly meet the job needs and to provide
engineering with more precise guidance,

An alternate plan for the central facility is to be developed in
Poughkeepsie (this work is now scheduled to begin with FSD
participation on April 26). Among the guidelines offered by
Mr. Gibson were:

(a) central facility must have at least 3 CPU's
(b) a compute-power growth play is desired
(©) security partitioning is a requirement

(@) price limitations are unusually severe

Section 3.3.1 Page E.3/20
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Alternate configurations suggested (not necessarily in order of
DP preference) included:

()
(b)
(c)
@)
(e)
(£)

9020 without IOCE - possibly with 2909 channels

triplex/44's

dual/65's with one/44

twin configurations of dual/44's

triplex/67's

speed improvements on 9020 storage (since judged impractical
because of high development cost).

(13) The possibility of including limit and event checking instructions in
the 360/44 were discussed with Mr. K. Gajewski. A proposal for 2
special instructions to meet this need were sent to Messrs. Gibson,
Charbonneau, and Gajewski on April 19, 1966.

JDR/cmg

cc: Mr.,

James F. DeRose

P. A. Beeby

Mr, C. Brown {Los Angeles)

Mr.
Mr. W. Derango
Mr.
Mr,
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.

T. M, Charbonneau "
D, A. Dossin
{. A, Gajewski
C. R, Harden
E. V, Hofler

J. P. Manning
M, Needle "
J. M. Terlato

J. Selfridge "
G. West "
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y 3100/ 5200

orices for the 3300 "r;.ﬁiC'ﬁ ‘p
impacted. Only the very smal

3300, See examvles below.

EATaTa
LRI
[SEXOAWAY)

Minirmun Systems

Rental 2y
2100 CPU, 4K, one channel and integrated 2, 7006 292, CCU
console
3100 C‘-”’J 8K, two channels, I/OT. W. & 3,820 144,000
“N,Ol'c i
3200 CP“, 8K, two channels, I/O T. W. & 4,300 203, C00
display console
3300 CPU, 8K, two chanrnels, I/OT. W. & 3, £30 192,000
display console
16X Scientific Systems
3100 CPU, 18K, 2 channels, ©lit.Pt., I/0 5, 230 252,200
T.W. & console
3200 CPU, 16K, Z channels, Fit. Pt., 1I/0O 5,410 229,00
T. W. & console
This would virtually eliminate the possibility of CDC bidding the 3100
for any of the gites involved in this application.
The 3300 is a 3200 with an improvem %L in the time-sharing area, oifering
a 111 rogramming option for dynamic allocation and re 10Ca213.”. of program
instructions, data and I/O in mem ory ’\/Jemo y expansion up to 202@. WOras
is @ lso provided by the MPO option. Provision is also made for dual
PU's. The basic CPU and memory units are the same as the odOu, out
ae foliowing price changes have been made:
2300 3200
Rental Purchase nmesnwal urcihsss
CIPU, 8K, 2.Channels 3, 450 155,000 4. 300 209,020
8K wds 1,100 50, 000 1,220 o0, G0
16K wds 1, 900 86, 000 2, 220 105,000
lt. pt. option 6o 30,000 700 35,wu
Dec. hdw. pky. (50 35, 000 e 38,020
Total 7, 860 356, 000 ¢, %30 443,020
- more -
Section 3.3.1 Page G.1/2
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A

o o 82K goneral processor system, tne total c.“" n L
would be 31, 380. Note that the avove reduced units con ;3;'13@ RN
vy

)
general processor syslem. This represents a 18% reduct 1or on the CPU
and necessary units for a large system. If we assume that the CPU and
memory represents 50% of a large ystem and since the L/O prices hove -
not changed, then this would equal a 7. 5% reduction on a complete system

Program Suoport and Delivery

The new 3300 system has been promised 1oz delivery for the first quarie
1

The following programming suppoxt has been promised for the 32C0:

eal-time tape-oriented SCOPH i@ LECo
t{em time dissk-oriented SCOPE 20 1888
Time-sharing monitor for scientific installationsZ( 10C6
Time=-gharing monitor for business installaticns 4@ 1uZ8
”MASTER” operating system 1Q 1987
MATS (Multi-access time-sharing) 1Q 16377

Periormance of 3300

The following analysis indicates the internal speed of the 320
son to the IBM 7094 and the IBM 360/44. Yiote that ”“ anz

=
- S))
wn

done for the 3200 but the 3300 has the same speed. The estimated 7. 5%
price reduction has not been included, wut the 360/44 swould still show 2
definite advantage in the short performance area, which would apply in

this case.

- more -

'J
5]
O
0]
(&)
}..-.l
~.
[o¥)
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380/44 = Performance

TENT T e

Kermel 7094 360/44
— STANDARI HI-PEiF
a ® © O © @
Polynomiai Eval. 89.0 150.0 105.85 .84 362.75 .42 99,60 .89 334, A2
(2 _
Address Arithmetic 34.0 39.50 .86 29.2 16
3.
Float. Point Arith., 163 114 7412 .85 284,40 40 6B.67 .91 279.15 ]
'fr
Forfran IF Statements  29.1 46.49 &3 30.74 .95
L5
Matrix Multiply {(5x5) 3552 5677 4786 74 11413 S50 B904 9% 1038 o4
{All times above in micro seconds)
Assumptions:
Kernels #2 and 74 weighted 10% each
Kernels 1,3,5 weighted 80%
Price -Performance 3200 Versus 360/44,
System Rental _%ZE Purchasc P/P
CDC 3200 22,500 0.40 1,091,000 0.47
360/44 {STD Short) 18,015 0.32 821,180 0.35
© 360/44 {STD Long) ‘ 18,015 0.51 821,180 0.56‘
360/44 {Hi Perf. Short) 18,715 0.28 850,580 0.31
360/44 {Hi Perf. Long) 18,715 0.45 850, 580 0.49
P
Section 3. 3.1 Pags G. 1/4
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History of Discounts

The following pages list several discount situations involving the
CDC 3100/3200 and other CDC computers. Several other discount
situations existed with the 6000 series, especially in the educational
allowance. At Oakridge, CDC offered 100% trade-in allowance on

a 1604 toward purchase of 6400.

Section 3.3.1 Page G.1/5
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ADDITIONAL SCIENTIFIC MIXES are included which show the capability

of the 3300,
IBM CONFIDENTIA L

-CDC 3200
MiX 1
Inst.

- Time %o Total
Div 12,0 2.0 .24
MPY 10.4 5.6 .58
FAD/FSB 12.0 9.5 1.14
LD/ST 3.75 28.5 1.07
LD/ST Indexed 3.75 3.6 .14
Other Indexed 3.75 18.9 71
Test 3.2 13.2 .42
Others with Op. 3.75 11.3 .42
Others without Op. 2.5 7.4 .19

4,91
MIX 3
LD/ST 3.75 31.2 1,17
Add/Sub 2.50 6.1 .15
CAS 3.2 3.8 .12
TRA(C) 3.2 16.6 .53
FAD/FSB 12.0 6.9 .83
FMP 29.0 3.8 1.10
FDP 29.0 1.5 .44
MPY 10.4 .6 .06
DIV 12.0 .2 .02
Shift 2.65: 4.4 .12
Logical 2.5 1.6 . 04
No. Ref. Stg. 2.5 5.3 .13
Indexing 0.0 18.0

4,71

Section 3.3.1 | Page G.1/86



LD/ST
Add/Sub
CAS
TRA(C)
FAD/FSB
FMP \
FDP
MPY

DIv

Shift
Logical
No. Ref. Stg.

CDC 3200

Inst.
Time

3.75
2.50
3.20
3.20
12. 00
29,00
29, 00
10,4
12.0
.65
5

NN NN

.

SCIENTIFIC MIX

LD & St.
Index
Testing
FAD/FSB
FMP
FDP
Misc.

Section 3. 3.1

)
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Average of 4 Mixes: 5.22

IBM CONFIDENTIAL

R

Total

L

[\V]
00O 3D

1.43
.19
.15
. 65
1.01
. 36
.52
.08
. 02
.14
. 05
.16

- .

3V

O WNOOIRDNODUGO
=

c:w.cn

5.76

.07

V]
[e=]
[5)]
o

13.2 .42
.14

ey

5
5.6
2.0 . 58
8.7 70

5.53

Page G.1/6.01



DISCOUNT HISTORY
Conirol Data Corp.

)
o
ot
§ Daote Situation Competitive System "D_l§9‘o_g.11c~ Diqu_.@igg
w
o Jan.63  USATF Climatic Center CDC 1604/1¢0 ’ 40% 7040 ordered
' " Offercd 100 hr. use plan at
60% of base rental
June. 63 AMR (2)CDC 3600 71/2 Ordered 2-3600's
Estimated discount by the
AF Program was 7-1/2%,
This is the same discount
allowed on 2-1604's in the
GS Contract. There are no
discounts for multiple 3600's
Sept. 64  Argonne National CDC 8080 30% CDC 8090 ordered
Laboratory CDC offer eo an "educational
' allowance''ina situation which
would not qualify for the IBM
educational allowance,
Dec. 64  NASA, Goddard CDC 3200 12% 6 systems(Purchase)Ordered 4
Not entered in GS Contract 10/\, 1 systems (Purchase) CDC 3200
s 3 systems (Purchase)
Dec. 64 National Science C13C 3200
Foundation Pr Ob%b]y an ''Tducational 20% No extra use charges Ordered C1>2 3200
Allowance"
:
Uf? Jan. 65 U. S, Forest Service 20%(cstimated) 4 - CDC 3100's ordered
W Sased on customer information
o CDC would have hadto have offered
I _ a 20% discountto arrive attheprices
o indicatedby the cusromer, Not enten

cdin GS contract, (e above di :‘wouni
mayinclude o reductionin maintenance
chargeswhichhavebeenenteredin the
GS Contract),
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Date

April "85

May '65
- May '65

May '65

June '65

- June '¢H

|
|
|
June '65

Situation

Aerospace Corp.

Army Map Service

D. Brown Associates

NRRL

VA Hospital
Washington, D. C.

NIH

NASA Goddard
D. C. Dept. of Highways

SPADATS Mobile

Section 3.3, 1

11/19/65
DISCOUNT HISTORY
Control Data Corp.
Compelitive System Discount Disposition
CDC 6600 ' Unknown No Decision

CDC offered Aerospace the following:

Unlimited test time

Two hours per day free test time numedlately on a test center machin
Guaranteed 7094 simulator

65K processor at 32K prices

No extra shift charges

Al e

CDC 3600 ' 30% (est.) 7094 ordered
CDC offered two 3600's at $1. 9 million
each. The configurations offered would normally
- sell for $2. 7 million each

CDC 3100 10% CDC 3100 ordered
In addition to the above discount, CDC
agreed to buy back 20% of prime shift time.
Would be too early to appear in the GS Contract

CDC 3870 35% CDC 3870 ordered

CDC 3200 20% CDC 3200 ordered
We were unable to give an educational discount

CDC 6400/6600 20-25% 360/65 ordered

CDC 6400/6600/6800 20-25% 360 Systems ord.

CDC 3200 20% 360/30 ordered

Offered to buy back
$2000 of prime shift for one year

CIC 3600 klug 30% (est.) 360 ordered

Page G.1/7




June '65  ARO

July '65  Center for Naval Analysis

Aug. '65 Navy Fleet Weather
San Francisco

} Section 3. 3.1

CDC 3100
Trade in 3 old ERA 1102
$105 toward purchase on CDC 3100

CDC 3400
3 CDC 3100's

1 CDC 3200
Special package discount

IBM CONFIDENTIATL

15%

RA 520 ordered

3400 ordered

3 CDC 3100's orc’-‘
1 CDC 3200 ord.

Page G.1/8
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Comments on Discounts

Since CDC has impacted both the CDC 3100 and the CDC 3200
with the release of prices for the CDC 3300, it is reasonable
to assume that the CDC 3100 will be bid at reduced prices in

special situations. Since the CDC 3200 and the CDC 3300 are
basically the same, the new prices for the CDC 3300 may be

applied to the CDC 3200. This move with the CDC 3300 price
certainly places CDC in a unique position for discounting the

CDC 3100. ‘

Additional discounts on the CDC 3200 and the CDC 3300 are not
expected to be as large as in the past for the CDC 3200. However,
it is believed that where several systems are involved, as in this
case, that CDC would discount from 10% to 15% on the CDC 3300.

Section 3. 3.1 Page G. 1/9
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1966 GSA Contract Terms

Basic Monthly Rental
Unlimited Use

Extra Use Charge
Educational Discount
Multiple Discounts

Purchase Option

Maintenance

Program testing & compiling

Section 3. 3.1
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176 hrs.

120%

7 - 14%

20% R/P

Old Systems
160, 924, 1604

Current tape drives
7.5% - 30%

% of total rent paid
807% - 2 yr.
40% - 2 yr. +
70% - max.
Edu. Discount
52% - 2 yr.
32% - 2 yr. +
70% - max.

"on-site"
$30, 000 and up

"on-call"
No chg. for RM
during PPM

$15/hr. 2 hr. - min.

180 days

Page G.1/10
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Systems Configurations

Section 3. 3.1 Page G. 1/11
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CDC 3300 -~ System/360 Model 44

IBM CONFIDENTIAL

PRICE COMPARISONS ON REMOTE SITES

1. Current remote site price using
CDC 160A's (allows one extra site).

2. IBM System/360 Model 44's

3. CDC 3300's including recent price
increase on CPU and core memory.

4, CDC 3300's same as above but at
20 percent discount.

Section 3.3.1

$186,164/mo.

$188,686/mo.

$204,065/mo.

$163,252/mo.

Page G.1/13
2/18/66
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(\ RTS SINGLE SITE -~ DUAL CPU - CDC 3300
Unit Description Qty. Rental
CPU's
3304 Processing Unit 2 8,600
3309 8K Words Memory 2 2,750
3302 16K Words Memory 1 2,380
3306 Std. Channel (12 bit) 6 900
3307 Std. Channel (24 bit) 2 500
Ixxx Special Instructions 2 400
15,550
Disk
3438 Disk Control (Dual) 1 1,050
854 Disk Storage Drive 3 1,410
2,460
Displays 1,575
Communication
3276 Comm. Term. Control 2 500
316 Data Set Adapter 2 50
C 3xx TTY Adapter 2 50
600
Digital 1/0
Ixxx Digital I/0O Controller 2 400
3xx 1/0 Points 2 800
1,200
21,385
Less 20% 4,277
$17,108

Additional Options:

405 Card Reader & 3152 Printer Switched 1,425
854 Disk (2 additional drives) 940
Page G.1/14
C 2/18/66

Purchase

310,000
100,000
86,000
33,000
17,000

16,000

630,640

47,000
35,400
82,400

63,000

25,000
2,500

—2.500

30,000

18,000

35,000

53,000

859,040
171,808

$687,232

67,800
37,600

Section 3.3.1 (replaces 2/11/66)
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RTS DUAL SITE - 3 CPU - CDC 3300

Unit Degcription
CPU's
3304 Processing Unit
3309 8K Word Memory
3302 16K Words Memory
3306 Std. Channel (12 bit)
3307 Std. Channel (24 bit)
3xxx Special Instructions
Disk
3438 Disk Control
3xx Two Channel Switch
854 Disk Storage Drive
Displays
Communication
3276 Comm. Term. Control
316 Data Set Adapter
3xx TTY Adapter
Digital I/0
3xxx Digital I/0O Controller
3xx 1/0 Points
Less 20%

Additional Options:

ty.

= NN W W W~ & w

w

w W

405 Card Reader & 2 - 3152 Printers

854 Disk (1 control & 4 drives additional)

Section 3.3.1

Rental Purchase
12,900 465,000
5,500 200,000
2,380 86,000
1,350 49,500
750 25,500
600 24,000
23,480 850,000
1,020 45,000
200 8,000
1,880 75,000
3,100 128,000
3,150 126,000
750 37,500
75 5,000
75 5,000
900 47,500
600 27,000
1,200 -92,500
1,800 79,500
32,380 1,231,000
6,476 266,936
$25,904 $964,064
2,250 107,300
2,490 99,600
Page G.1/15
2/18/66

(replaces 2/11/66)
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REMOTE SITE REPROGRAMMING COST

An analysis of the programs now being used on 160A's in Remote Sites
indicates that the following CDC 160 programs must be converted before
the last 160A can be taken out of the first Remote Site being upgraded.

CDC 160 Instructions

A. Prepass 17,000
B. Pre-Aquisition 16,000
C. Pass 46,000
D. Post Pass 6,000
E. Diagnostics* 47,500
F. 1/2 of Plotter/Printout Routines 11,000

143,500

*highly time dependent

Since these 143,500 CDC instructions are approximately equivalent to
48,000 instructions in the 360 Model 44, we estimate that this will require
approximately 22 man years costing $500,000 to reprogram.

In perspective, this is a one-seventh increase in the yeéarly cost of program-
ming Remote Sites for one year.

Section 3.3.1 Page G.1/16
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UNIVAC 1230 at REMOTE SITES

The system priced below is the rough equivalent of the
duplex 360/Model 44 configuration shown on page E.3/4. The
CPU is hardened, has 2 us core, and uses a 400 nanosecond
read-only storage.

Sperry won 40 APOLLO Remote Sites with this system. General
Dynamics, San Diego, is doing some of the programming.

Typical instruction times are:

Add, subtract, logic 2 to 4 us
Compare, mask, branch 4 us
Multiply 10-15 us

The instruction set is similar to a 7040. A real-time control
program exists, but we do not have a description. The system has
both a FORTRAN IV and NELIAC Compiler as well as normal utilities,

The system has 81 discreet external interrupts and 32 channels
of 30-bit parallel information.

PRICE: (Skimpy information, estimates only)

Qty. Purchase _Estimated Rental
2 CPU and 12K woerds core $800,000 $19,000
reader, punch, printer
4 Tapes and Z controls 6,100
2 Data Communications Terminal 1,400
(2701 equivalent)
4 1/0 channel switches , 925
2 Parallel input/parallel output 140
2 1827 eguivalents 1,278
1 2250 systems 1,575
2 Shared storage {estimate) 600
TOTALS $800,000 $31,018/month
Section 3.3.1 Page G.1/16.001
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CDC 160A SIMULATOR

Introduction

A preliminary study was made to determine the cost and performance
feasibility of a 160A Simulator for System/360. The following paragraphs
will deal with the special considerations, assumptions, design goals,
preliminary results and conclusions concerning this study. This preliminary
study is intended to be used as a tool in determining which approaches
appear to be feasible and to select the approach in line with the marketing
philosophy for the SCF.

The System/360 Model 44 with high speed registers was chosen as
the machine used for timing the 160A Simulator. However, at this time
the machine which will be proposed has not been selected, but the Model
44 appears to be the best price/performer. The 9020 System is also under
consideration and has some unique hardware features which make it more
adaptable to implement a simulator (emulator). The ROS of the Compute
Element (CE) of the 9020 System allows for easier implementation of special
instructions which can increase the performance of the simulator. The CE
also has the standard instruction set of System/360; whereas the Model 44
has a "scientific" subset of the System/360 instruction repertoire. The

above features are important in attaining the design goals of the simulator.

Section 3.3.1 Page G.1/17
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The simulator, in the ideal case, should run at 160G speeds with the lower
limit being 160A performance. Another important goal is to keep hardware
modification and programming costs to a minimum. These design goals are
of prime importance in the design of the simulator and in the evaluation of
other approaches to the solution of simulating the 160A. Since the 160A is
a relatively small machine with minimal capability, a translator may be the
quickest, cheapest solution and should be investigated. Another solution
would be to reprogram all or part of the real time applications programs.
There are approximately 85,000 words of programs required for the present
satellite load. Detailed flow charts are available for these programs which
reduces reprogramming time. The frequency of use and response time of
any one program must be determined to analyze which programs may be run
under simulation in a degraded mode. If some of the programs can run in
degraded mode, a program simulator with no hardware assistance (cost saving)
can execute these programs until phase-out occurs. An analysis of satellite
operation concerning response time, planned obsolescence and the processing
modes of pre-pass, pass and post-pass can supply valuable information to
determine which programs must be reprogrammed or which can run under
simulation. Configuration control and the monitor program changes are
important factors in simulation mode operation and must be closely studied for
efficiency and cost. The remainder of this document will analyze the programmed
simulator approach to the program execution of existing applications.

-2 -
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Before describing the simulator, the assumptions and special

considerations must be stated. These are:

(1) No input/output or interrupt operations will be simulated.

(2) One's complement arithmetic is not téken into account.

(3) The simulation is done strictly with the standard Model 44
instruction set.

(4) Although the minimum design goal was to execute standard 160A
instructions at 160A execution speeds, no special consideration
was given to Model 44 core requirements and configurations or
special instructions implemented on the 160A for satellite support.

(5) All the timings and mixes used in this analysis are for completely
programmed simulation with no hardware assistance.

Simulator

The programs will be executed after the original 160A machine language
(binary) decks have been pre-processed. The pre-processing will reformat
the 160A words and also compensate for 1's complement arithmetic. After
initializing the program (setting constants, instruction counter) it is
estimated that the housekeeping for each instruction execution is 16ms.
The total time for execution, which includes housekeeping, operation decoding
and execution, and effective address generation, is approximately 34ms. The

following table shows a mix of instructions timed under the simulator and 160A
- 3 —
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operation. For lack of a better word, let's call this group of instructions

the MOL Mix. The makeup of this mix was chosen because of the following
criteria. SCF "real time" data must be scaled, linearized, normalized and
compressed for transmission to the STC. These voperations require arithmetic
and shifting operations and loop control. Since the 160A does not have
multiply or divide instructions, an alogorithm is used. Hence, the large
number of add and subtract instructions. Another important data reduction
function is the analyzing of events. Since the 160A does not have mask
instructions to analyze bit patterns, the logical product (and) instruction is
used extensively in conjunction with various shift instructions. The MOL Mix

shows that the simulator is running about 2.35:1.

MOL MIX
Instructions % 160A Simulator
Logical Product 15 19.2 30.75
Shift Replace 5 19.2 40.25
Replace Add One 5 19.2 39.75
Load 10 19.2 30.75
Add 35 12.8 35.00
Store 10 25.6 39.25
Shift 10 6.4 26.50
Miscellaneous 10 15.0 37.50
100% 14.6 Avg. 34,3
Simulator — 34.3 - 2.35
160A 14.6
-4 -
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Although the ratio of the simulator to 160A operation is only 2:35
to 1, it must be remembered that no I/0 operations or interrupts have been
serviced under the simulator.

Conclusions

Hardware assistance will be required to increase the performance of
the simulator. Special instruction(s) should be implemented which will
execute automatic branches to subroutines depending on the op code. Special
hardware fo handle interrupts more efficiently than the present System/360
capability is required. Interrupt processing is extremely important in real
time data acquisition and expanded capability in this area can realize an
advantage over the 160A. The input/output functions can be perfofmed with
less interference and faster on the System/360 machines. However, a
special routine will have to be written to implement 160A I/0 on a System/360
machine. As an alternative, all 160A input/output instructions could be
implemented in the hardware of a particular machine. Hardware simulation
of instructions or increa séd hardware capability for the interrupt functions
will probably be expensive. However, the 9020 System CE has ROS which

hopefully will make hardware simulation cheaper. There should be detailed

follow-up meetings with the appropriate special engineering groups to determine

the feasibility and cost of hardware assistance in instruction execution and

interrupt servicing for both the Model 44 and 9020 System CE.

Section 3.3.1 | | ‘Page G.1/21
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Using a simulator along with standard S/360 programs in the same
operating system will present an additional programming problem to the imple-
mentation of the monitor program. This additional cost coupled with the
additional hardware costs may cause the total system cost to be beyond the
customer's acceptable price range. Therefore, the cost of a translator or
the total reprogramming effort should be investigated and compared to the
simulation cost. The latter two approaches could be part of the programming
contract and not affect the hardware price, making the hardware contract
more price competitive.

Implementing special instructions in the S/360 Model 44 will definitely
increase the performance of the simulator. Itis hoped to increase the
performance of a particular routine by three times. The following routines
should be implemented with one hardware instruction:

1. One's complement arithmetic

2. Op code decoding

3. Effective address generation

4, Data packing

One's complement arithmetic will need special handling because of the
plus and minus zero possibilities and the different tests performed on zero.

System/360 uses two's complement arithmetic.

Section 3.3.1 ' Page G.1/22
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Input/output can best be handled by special instructions also. There
are two types of I/0 for the 160A; namely, buffered or normal. Buffered I/0
is like a high speed multiplex channel operation; normal I/O operation is a
character-by-character operation. There are also I/0 operations which
transfer characters to the accumulator directly. For buffered 1/0, the
instruction can proceed to a particular area of storage which has the initializa-
tion data. | Then the input/output can proceed in a normal manner on the
Model 44 High Speed or Standard Multiplex Channels. With the present
configurations, the high speed channel will transfer data in packed form
to the storage. The standard channel will transfer data to storage ’in the
byte mode. This data will‘be unpacked and will take a special program to pack
it before it can be used. Although the configurations use both Model 44
channels to simulate buffered I/0, there appears to be no problem, except
packing, in handling data from external sources; e.g., telemetry, etc.
The normal input and I/0O transfers to the accumulator; e.g., communications,
printer, card reader, console inquiries, etc., will be handled by the standard
multiplex channel. Since these data transfers will be of relatively low speed
and low frequency, a programmed subroutine should haﬁdle these data transfers
more efficiently than the 160A. The subroutine will handle data transfers in
the normal System/360 Model 44 Multiplex Channel mode and put the data in
the proper storage locations as prescribed by the 160A program.

-7 - » KAG
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RTS SINGLE SITE CONFIGURATION

Qtv. Model Description
2 8401 Processing Unit
2 8454 Memory Module - 16,384 Words
2 8456 Three-Way Access ‘
2 8413 Power Fail Safe
2 8414 Memory Protect
2 8416 Additional Register Block
2 8471 Multiplexor I/0 Processor
2 8481 Selector I/0O Processor
* 2 8482 Additional Selector Channel
* ] 8495 System Supervisory Console
2 8457 Six-Way Access
2 7010 Keyboard/Printer
2 7201 RAD Controlier
4 7205 RAD Storage - 1.5 MB
1 (2250) Display Capability
2 (2701) Comm. Capability
2 (1827) Digital I/0 Capability
1 7120 Card Reader, 400 CPM
1 7440 Line Printer, 600 LPM

*Unknown Requirements

Section 3.3.1
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Lease (4 Yr.) Purchas:
$ 5,500 $220,0(0
4,600 184,000
250 10,0C0
50 2,000
250 10,000
150 5,060
1,000 40,000
750 30,0C0
500 20,0060
690 25,060
600 20,000
300 12,000
400 16,0(0C
2,700 108, 6L0
19,015
1,575 -—-
1,160 -—-
1,278 -
400 16,000
875 35,000
1,275
$24,303
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RTS DUAL SITE CONFIGURATION

Description

Processing Unit

Power Fail Saie

Memory Protect

Additional Register Block
Memory Module (16K)
Three-Way Access

Six-Way Access
Multiplexor I/0O Processor
Selector I/0O Processor
Additional Selector Channel
System Supervisory Console
Keyboard/Printer

RAD Controller

RAD Storage - 1.5 MB

Display Capability
Comm. Capability
Digital I/O Capability

Card Reader, 400 CPM
Line Printer, 600 LPM

*Unknown Requirements
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Lease (4 Yr.) Purchasz
$ 8,250 $330,000
75 3,000
375 15,000
225 7,500
6,900 276,000
275 15,000
900 30,060
1,000 40,000
750 30,040
500 20,000
625 25,000
300 12,000
600 24,000
4,050 162,000
24,825
3,150 -—-
1,740 ———
1,917 -—-
400 16,000
_ 1,750 70,000
2,150
$33,782
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LOS ANGELES AEROSPACE BUILDING
Manned Orbiting Laboratory Project

January 18, 1966

TO: Mr. C. E. McKittrick, Jr. - GEM

RENTAL PRICES ON 3020

You were previously informed about the combination of the Remote Site

and Bird Buffer RFP's into one package. As you know, we plan to bid
shared memory 44's for Remote Sites. Purpose of this letter is to ask

your assistance by having the GEM Region formally request rental prices
on the 9020 system for the Bird Buffer. A typical configuration is attached.
The customer will require two such systems. One to be located in
Sunnyvale in the Satellite Test Annex and the second to be located at
Systems Development Corporation for programming checkout and backup.

You should be aware that the I/O configurations are not firm; but, since
these are essentially standard equipment, these I/O configurations do
not affect the problem of getting a rental price on the 9020.

Your prompt action would be appreciated.

Ly 3 Y z’%?}
W. B. Gibson®
WBG:jb
attachments

Section 3.3.1 Page H/1
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January 12, 1965

MEMORANDUM TO FILE:

Subject: Meeting with Golonel Hedrick.

Bob Krause and I met with Golonel Hedrick on January 3, 1966. In our P'keepsie
meeting Golonel Hedrick said that he had expected to discuss our approach

to AFSCF problems. He said that our July, 1964 proposal had been well
received and he thought we would have shown how we could extend or

improve that proposal.

He said he has funds programmed to completely install SGLS throughout

the network and to upgrade his data system (i.e. Remote Tracking Stations
and Bird Buffers). He feels that his funds may be cut by the Vietnam situ-
ation and he will know for sure after the President's budget goes to Congress.

He indicated some concern for his overall data system design and, in fact,
said he was considering having a PDP wherein he would have companies
like IBM, GCDG, etc., supplied with data on their system design,
anticipated growth and problems which they would use to develop under
contract a new system design which he would then procure. He also dis-
cussed the possible application of Gomsat or military satellites as the
communication link between remote sites and the STG. This may provide
higher bandwidth transmission and allow smaller or perhaps no computers
at the remote sites. He recognizes that waiting for a PDP or communication
satellite would delay satisfying immediate requirements and that not waiting
may cause him to have an outdated system in a few years.

As a result of this meeting, Bob and I realized that we must present our
overall design to Colonel Hedrick as soon as possible. Our system would
permit the growth he needs, without tying him to obsolete equipments.
Accordingly, we are preparing a presentation and working session with him
for January 18, 1966. In the meantime, Bill Grisham, Bethesda, is
investigating tradeoffs in the phasing and costs of commercial and military
communication satellites operating at wide bandwidths in the next several
years. The material developed by Gri sham should be part pf our presentation.

JJ8:jh
cc: W,B.Gibson, J.E.Hamlin, J.P.Jones, R.Krause.
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Federal 3ystems Division
Pield Marketing~Los Angeles
February 2, 1566

Mr. W, Peavy

Subject: SGLS/PCH4 Data Handling Equipment

In a discussion with Jarry Trobaugh, TRW Subcontracts, the following in-
formation came to light:

i.

2!

3.

TRW expects an AFP calling for system production in the next 30
days,

Unlass there is ¢ drastic change in AF requirements, the PCM Data
H#andling Equipment will be procured using the present proposals.

TRW will be glad to review our technical approach with us; however,
it would be best to do thia after they receive the AF RFP.

The IBM bid is high when compared to others they have received,
possibly caused by the use of a computer in the system. (This
indicates that the use of a computer is the exception rather than
the rule.)

Jerry did not want to say more untll he has seen the engineering
recommendations.,

Assuming that item 4 13 carrect, we will have to re~axamine our approach
and list the advantages vs. the disadvantages as the customer would see

them.
TRW at the earliest possible time.

If the comparison is favorable, the results should be presented to

) /?é
Z54C e

B. L. Reynolds

BLR/ ek

CC:

Mr, J. P, Jones
Mr. G, T, McClure
Mr. J. ], Selfridge <—

Secfion 3.3.1 Page H/5
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Date :

m {Dept, Loc):
.elephone Ext.:

February 9, 1966

MOL Project - LA Aerospace EM

Subject:

Reference:

To:

Model 44 Programming Translation IBM CONFIDENTIAL

Mr. W, B, Gibson, MOL Project

Per your suggestion, I contacted Otto Alexander in Poughkeepsie. Our
discussion brought forth the following:

o BPS FORTRAN, Assembler and utilities were analyzed on a Model 40
using a hardware monitor to determine the frequency and use of non-
Model 44 instructions. Analysis of the results indicated that brute
replacement of these instructions would suffice in the generation of
M44 software.

o These programs were converted using 46 man/months at a cost of
about $60,000 including machine time. 36 of the 46 man/months
were student (new) programmers.

o The resulting FORTRAN compiler was 99,200 bytes in length while the
original is 74,400 bytes in length.

o Degradation of compiler execution time is about 10%.

o  The instruction production rate came out to about 1800 instructions
per man/month.

o He will be sending the code substitutions, usage analysis and a
technical paper on the topic.

g

7z
e '//é/

Mort Needle

NOTE:
MBN/1r
cc: Mr. C., Brown

Mr. B. Cahaniss

The above indicates the
feasibility of supplying

Mr. W, Derango JOVIAL compiler and/or
Mr. G. West PL 1 compiler for Model 44
if required.
WBG
Section: 3.3.1 Page H/6
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February 11, 1966 -
MEMORANDUM TO FILE:

TRIP REPORT TO SATELLITE TRACKING STATION
at New Boston, New Hampshire.

IBM ATTENDEES: AIR FORCE:
W. Derango Colonel Smotherman(Commander)
R.G.Krause - - Lt.Col.Hammond(Tech.Ops.Director)
W.Patterson-Cambridge Lt.Welch{Data Systems Coordinator.
J.J.Selfridge Sgt.Delaney(Computer Operation)

Others, approx. 8 officers,
10 senior non-comms.

Colonel Smotherman and staff spent most of the day with us. A System/360
briefing was followed by a description of our Tracking Station and STC
. real~-time data system design. From the questions we believe the audience
(/ followed the briefings completely and were interested in giving us ideas to
~improve the design or use. Examples of significance were:

~.1, Possible use of one computer at a single site and
two computers at a dual site,

2. Maintaining security at a dual site if only two
computers were used,

3. Providing a_.program.for orbit updating at site,
possibly in real-time with inputs fromthe first
several numbers of pass,

4, Provide a capability for supporting multiple
command operations in one computer at a dual
site,

5. Provide a means for assembling telemetry modes
from a number of standard tables.

A good deal of interest was expressed in System/360 FLT techniques and
c machine diagnostic programs.

Section 3.3.1 — Page H/7
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Trip Report - STS '~ February 11, 1965
New Boston, New Hamps . ) e

During the last half of the day we toured the site (main buildings and
antenna subsystems) and showed the System/360 Graphics Film. —
It was learned that at New Boston the basic CDC system now is leased
for $30,000 per side, $4,000 is required for additional core now being
installed and $6,000is required for extra shift -maintenance. Total cost
is $40,000 per month.

It was an extremely worthwhile trip, in that it confirmed our design
and previous marketing data.

Philco wanted to attend the meeting-and seemed to believe they should
have been included. One Philco man _attempted to discuss potential
(v teaming with W. Derango. Will pleaded ignorance.

Win Patterson, Cambridge, will follow up by delivering a set of our

briefing charts to Colonel Smotherman and showing the Gemini film
(2250) at the Tracking Station.

&Q /M/ (40/

OI,/J Selfridge |

TIS:J'h e Manager',” SCF Project
- '/) Sy - C
Cﬁ/%{‘\ GUSNS ‘
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2/18/66



or

Date:

From (location

1ail address):
Dept. & Bldg.:

Telephone Ext.:

May 23, 1966

P. O. Box 1117
Lompoc, California
93436

(805) RE6-7594

Subject:

Reference:

To:

DCA's Communication Satellite Series

Charles Brown, FSD, Los Angeles

Dear Charlie:

You will recall that you asked me for information on DCA's forthcoming
communication satellite series. The first is the IDSCP (Interim Defense
Communications Satellite Project), the second is the ADCSP (Advanced
DCSP). Unfortunately, only the IDCSP is defined (by hardware) so that
capabilities can be defined. The ADCSP will be let as an RFP sometime
this Fall.

The parameters that describe the systém are attached, but in a nutshell,
links can be established between the Mark 1B ground terminals capable
of 38,400 bits/sec or 16 channels at 2400 bits/s.euc.

If you wish further information, the most recent can be found in Electronic
News, May 9, 1966; and Electronics Magazine, May 2, 1966.

Sincerely,

/ F "' V(/’J//’/./K/
W. H Grisham

whg:dp

Attachment

Section 3.3.1 s 7 Page H/9
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(/ IDCSP SYSTEM CHARACTERISTICS

Satellites:
Booster: Titan III-C, 8 sats per booster
Orbit: Near synchronous, random
Prime Vendor: Philco
Weight: 100 lbs.
"X" band frequency: 8 g.c. "up", 7 g.c. "down" (approximate)
RF power: About 2.5 watts
Gain: About 8
Effective power: About 20 watts (+13 dbw)

Ground Station:

2 60 ft dishes (stations) at Fort Dix, and Camp Roberts
8 40 ft dishes (stations) designated AN/MSC-46 or Mark 1B
( 12 15 ft antenna stations, designated AN/TSC-54 or Mark V

Capacity for Mark 1B Links:

2 high quality duplex voice (SNR = 53 db)
or 16 vocoded voice channels (duplex)
or 5 low quality voice channels

Section 3.3.1 Page H/10
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