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1.0  Introduction 

The study effort reported in this document was initiated under Subcontract 
Number A-3089(6697)-288 to Battelle Columbus Laboratories on May 5, 1983, and 
completed on December 9, 1983. The effort is defined by the statement of work 
shown in Appendix A of this document. 

The study requested The Boeing Company to describe two or more Transatmos- 
pheric Vehicle (TAV) concepts that could provide 5,000 lb to 30,000 lb in low 
Earth orbit utilizing horizontal takeoff (HT0). A brief list of system 
requirements and goals were defined in the statement of work. Possible 
missions and threats for the TAV were developed and updated by Battelle 
throughout the contract. The last update was provided on August 15, 1983, by 
Battelle document number D83-02434 (revised 7/29/83, Secret). "Final 
Requirements for a Transatmospheric Vehicle Concept Development." 

The Boeing Company has been continuously involved in recoverable booster 
studies and developing the technology for these systems from 1953 through the 
present. Our early efforts allowed us to win the Air Force competition for 
Dynasoar, the first recoverable space vehicle. This work led to to the Boeing 
participation in the Saturn Program as well as numerous early recoverable 
booster studies. Boeing was deeply involved in the concept definition phase 
of the Space Shuttle Program and has maintained an IR&D technology program on 
reusable aerodynamic space vehicles for the last ten years. Using this 
background, we believe that the three concepts: (1) two-stage HT0 fully 
reusable system, (2) sortie vehicle, and (3) reusable aerodynamic space 
vehicle (RASV) meet the intent of the TAV requirements/missions (to different 
levels of capabilty) and could provide the Air Force with a revolutionary 
operational weapon system. 

The contents of this document as shown on the adjacent page has been 
structured for reader clarity. The approach was to provide to Battelle 
presentation-grade viewfoils on one page and a technical description of the 
viewfoil on the facing page. The key sections of the document dealing with 
the vehicle concepts and a brief description of the sections contents are as 
follows: 

2.0 Executive Summary - Brief Overview of All Three Concepts 
3.1 Concept B-l - Detailed Description of Two-Stage HT0 Concept 
3.2 Concept B-2 - Detailed Description of Sortie Vehicle Concept 
3.3 Concept B-3 - Detailed Description of RASV Concept and 
Appendices B, C, and D - Optimized B-l, B-2, and B-3 Vehicle Trajectories 
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RASV TAV COST SCENARIO 

COST CATEGORY 

COSTS TN MILLIONS S 1983 
1    TAV 

ORBITER 
TAKE OFF SUPT. 

VEHICLE OTHER' TOTAL 

DDT&E COSTS t 
# 

SYSTEMS DESIGN 

TEST ARTICLES FABRICATION AND. 
.  TECHNOLOGY DEVELOPMENT • 

GROUND AND FLIGHT TESTS AND 
EVALUATION 

SUBTOTAL S3.752.00     1 $521.00 $   630.00 $ 4,900.00 

HARDWARE/FACILITY INVESTMENT COSTS 

REPRODUCTION FACILITIES 400.00 

VEHICLE PRODUCTION 11,214.00 

AIR FORCE FACILITIES 
(4 + DDT&E SITE) 

$2,960.00 

SUPPORT EQUIPMENT \ 824.00 
AIR TRANSPORT VEHICLE 

SUBTOTAL 

64.00 

$11,614.00 $1,281.00 $3,788.00 $16,683.00 

OPERATIONS COSTS • 

PERSONNEL (NUMBER/TYPE/COSTS) 

TAV 3YSTEK PROPELLANTS i 

REPAIR PARTS/SPARES 

OTHER 

SUBTOTAL   t>                       1 $ 5,612.00 

SCENARIO TAV PROGRAM TOTALS .     "     | j                   ($27,195.00! 

t>    BASED ON   TEN SITES; TEN FLTS/SITE/YR. 

NOTES: 

1.    TAV PRODUCTION SCENARIO    ASSUMPTIONS 

(A) FLEET SIZE:    ORBITERS—50 (PRODUCTION AND DELIVERY OF TEN ORBITERS PER 
YEAR BETWEEN 1995—2000) 

BOOSTER/CARRIERS—NUMBER REQUIRED TO SUPPORT ORBITER SPACEFLIGHTS 
(CONSTANT RATIO) 

(B) FLIGHT RATE:    100 FLIGHT PER YEAR 
(C) OPERATIONAL PERIOD:    20 YEARS 
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TRANSATMOSPHERIC VEHICLE 
CONCEPT DEVELOPMENT AND EVALUATION 

SUBCONTRACTOR STATEMENT OF WORK 

1.0  INTRODUCTION 

The USAF Aeronautical Systems Division has initiated a two phase program to 
evaluate the military utility of a Transatmospheric Vehicle (TAV). This work statement 
addresses the Phase 1 subcontractor effort and has primary focus on the definition of TAV 
concepts. In Phase 2, follow-on effectiveness analyses will evaluate TAV against 
alternate system concepts, both aeronautical and space-based, and assess the status of 
relevant TAV technologies. 

Battelle's Columbus Laboratories (BCL) will provide the integration function 
during Phase 1. This includes securing subcontractor support from several major 
aerospace corporations to develop the TAV design concepts and to support the develop- 
ment of a Phase 2 program plan. From the concepts provided by the subcontractors, two 
to four will be recommended by Battelle and selected by the Air Force as candidates for 
Phase 2 studies based upon a set of selection criteria to be defined. 

Battelle recognizes that the TAV program is highly competitive and represents 
a potentially high payoff to the aerospace hardware contractors« Battelle therefore 
assures that all information provided by the subcontractor during this effort will be given 
only to the U.S. Air Force. 

2.0 SCOPE 

The TAV concepts shall be designed to perform multimissions including 
strategic offense/defense, global force projection, tactical interdiction, and 
reconnaissance/surveillance in the post-1995 time frame. They shall be capable of 
weapon delivery, primarily against terrestrial targets, but secondarily, their potential for 
low Earth orbit ASAT/DSAT operations shall be considered in the design. 

Baseline operational requirements include: 

(1) Manned Flight Operation 
(2) Global Range 
(3) Sortie Operations 
(4) Rapid Response 
(5) Flexible Basing 
(6) Horizontal Take Off and Landing 
(7) Launch and Landing Operations in Adverse Weather. 

The TAV shall be designed to operate from main operating bases but shall be capable of 
recovery at secondary bases. 

N...-VM- 
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Design goals include: 

(1) Response time—5 minute launch (from alert status) 
(2) Turn around time—consistent with 2 missions/day 
(3) Fully reusable system 
(4) Single stage (ground launched) 
(5) Baseline payload—20,000 pounds to low polar orbit 
(6) Maximum on-orbit stay of a few orbits. 

3.0 BACKGROUND 

During 1982, a number of TAV activities were initiated by ASD, including a 
TAV Brainstorming Seminar, a Futurists Conference, and a TAV Conference. The latter 
was jointly sponsored with Space Division. In this conference, both government and 
industry participants presented their past, current, and proposed investigations in the 
areas of missions, vehicle design, and technology. 

The consensus of the TAV conference was that the TAV will provide a new 
dimension in aerospace operations. It will provide the first truly military operations 
capability of man in space and could enable us to exploit the 100,000 to 500,000 ft 
altitude regime for certain missions. From an overall viewpoint, the TAV is an aerospace 
vehicle which could conduct nairplane-typen operations. That is, it will be a reusable 
sortie-type vehicle capable of all azimuth, on-demand launch and omni-directional 
encounter of threats. It would operate from current main operating bases and take 
advantage of conventional logistics concepts. A cost effective TAV would have 
reliability, availability, and reusability similar to aircraft and be multimission capable. 

In summary, the TAV in the post-1995 time frame could provide the USAF 
with an unparalleled capability to meet the needs for flexibility, global range, and rapid 
response identified in the AF 2000 study. The Air Force Systems Command (AFSC) has 
also identified future roles for the TAV in the AFSC Space Plan published in December 
1982. 

SUBCONTRACTOR TASKS 

Task A. Provide Existing TAV Related Information 

The subcontractor shall provide Battelle information related to TAV concepts, 
missions and potential threats in the post-1995 time frame that currently exist within the 
subcontractor's organization. The total conflict spectrum shall be considered from lower 
level (terrorism, insurgency) through theater (conventional, nuclear) to strategic (limited, 
central nuclear, prolonged). This information shall be provided in the form of a briefing 
to Battelle during the second week of the contract at the subcontractor's facility. Copies 
of all vugraphs from the briefing and supporting material such as reports and white papers 
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shall also be provided. Additionally, information concerning performance codes related to 
TAV shall be provided. 

Task B. TAV Concept Development 

The subcontractor shall develop at least two (2) TAV concepts which can meet 
the operational requirements indicated under the scope statement Battelle will expand 
these requirements and provide you with the following: 

(1) Preliminary TAV Requirements Definition—May 9, 1983 
(2) Updated TAV Requirements Document—June 1, 1983 
(3) Final TAV Requirements Document—July 1, 1983. 

The proposed TAV systems should have a technical basis in the contractor/subcontractor's 
own government sponsored or IRAD activities, or be derived from government sponsored 
contracted or internal studies [Aeronautical Systems Division/Air Force Wright Aero- 
nautical Laboratories (ASD/AFWAL), Air Force Space Division (AFSD), NASA, DARPA, 
etc]. The TAV concepts shall meet the stated design goals, and subcontractor rationale 
shall be presented for variations from these goals, if they can't be met. 

In particular, the subcontractor shall address at a minimum* design 
advantages/penalties associated with: 

(1) Fully reusable vs. partially reusable systems 

(2) Single stage (ground launched) vs. two-stage: TAV + carrier aircraft (air 
launched) systems 

(3) Payload variations (range 5,000 to 30,000 pounds). 

If two-stage TAV systems are proposed, the subcontractor shall address at a 
minimum*: 

(1) Supersonic vs. subsonic launch 

(2) Current vs. new design first stage carrier aircraft 

(3) Alternate military missions for the first stage carrier aircraft. 

Design drivers associated with response time and turn around time goals shall 
be identified. 

Specifically, the subcontractor shall define at least two basepoint TAV 
configurations by (1) describing the design and sizing criteria, (2) providing the 
performance over the entire flight envelope and a group weight statement, and (3) 
providing a three-view external arrangement drawing, an inboard profile, and a structural 
diagram of the TAV. 

* Battelle may add to this list during the first month of the study. 

ATTELLE    —    COLUMBUS 



DI 80-27669-4 
APPENDIX A, PAGE 407 

For two-stage systems, a three-view external arrangement drawing, an inboard 
profile, and a structural diagram shall be provided of the first stage carrier aircraft and 
an installation drawing shall be provided showing the TAV mated to the first stage 
aircraft. 

Other pertinent TAV characteristics, such as observables to the degree 
necessary to support a Phase 2 effectiveness analysis, shall also be provided. 

Using a SAC base as a baseline, the subcontractor shall describe operating 
base logistics and support capabilities applicable to TAV and identify additional require- 
ments peculiar to the TAV (i.e., vs. aircraft baseline). 

The subcontractors shall also provide ROM costs for their concepts including 
development, investment and O&M costs. 

The subcontractor shall rank order his concepts based upon technical risk 
including estimated technology costs, projected availability dates, and schedule 
sensitivities. 

Task C. Provide Input to the Phase 2 Program Plan 

The subcontractor shall provide Battelle inputs to the Phase 2 Program Plan, 
which will include TAV effectiveness analysis and technology assessment The 
effectiveness analysis will compare the selected Phase 1 TAV concepts against alternative 
aeronautical systems and space-based concepts in the mission/threat environment of the 
post-1995 time frame. The technology assessment will determine current status and 
projected availability dates of critical TAV technologies. Additionally, the subcontractor 
shall provide their best projection of technology development and system development 
schedules and costs. 

REPORTS, DATA, AND OTHER DELIVERABLES 

The subcontractor shall provide three briefings. The first briefing shall occur 
during the second week of the contract at the subcontractor's facility to satisfy the 
requirements of Task A. The second briefing shall occur approximately 2 months after 
authorization at Battelle and shall provide a review of the subcontractor's progress to 
date. The third and final briefing shall occur approximately 3 months after authorization 
at the subcontractor's facility. At the final briefing, the subcontractor shall (1) present 
his final design concepts and inputs for the Phase 2 Program Plan, and (2) provide a draft 
technical report summarizing his activities. The subcontractor shall provide a final 
technical report one month after the final briefing. The subcontractor shall provide 5 
numbered copies of all briefing material at each briefing. 

Additionally, monthly progress and cost reports (including man hours) shall be 
provided by the subcontractor to Battelle no later than the twelfth day of each month. 
The deliverables are summarized in Table 1. The exact dates for submission will be 
mutually agreed upon by Battelle and the subcontractor, after contract authorization. 

,-t :_v-",<'::: ." '     ......     ::< 
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TABLE 1. SUBCONTRACT DELIVERABLES 

Item 

Task A Briefing, Briefing Materials, and 
Supporting Documentation 

Midterm Briefing and Briefing Materials 

Final Briefing and Briefing Materials 

Draft Final Report 

Final Report 

Progress and Cost Reports 

Delivery Date 

2 Weeks After Authorization 

2 Months After Authorization 

3 Months After Authorization 

3 Months After Authorization 

4 Months After Authorization 

Monthly, No later than the 
Twelfth of each month 
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