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An Integrated Solar Upper stage would permit such realignment to smaller vehicles but would 
also change the current expendable stage paradigm to a reusable one. ISUS would remain with 
the satellite following orbit insertion and function as its electrical power and propulsion 
subsystems. Since a satellite's power subsytem represents as much as 30% of its total mass, using 
the upper stage to replace an onboard photovoltaic/battery system will purchase additional mass 
for sensors and communication packages. The timely demonstration of an ISUS system, before 
the turn of the century, will permit such devices to be fielded in the early 2000's and in time to fly 
aboard major satellite block changes. 

1.2 PURPOSE OF PROGRAM 

The ISUS ATD program was established to demonstrate the feasibility of designing and 
fabricating an integrated upper stage that can deliver a payload to orbit and be operated for 
several years. The purpose of this phase of the program, was to establish a design concept that 
could be developed further into a qualified spacecraft without requiring new technology 
development. 

A team of engineers representing the Phillips Laboratory, Naval Research Laboratory, NASA-
LeRC, the Idaho National Engineering Laboratory and industry experts have developed a baseline 
space demonstration system definition for ISUS during Phase I of the technology development 
program. A conceptual design of the three major ISUS subsystems RAC, CATS and CSPFS 
( Receiver Absorber Converter, Concentrator Array and Tracking System and Cryogenic Storage 
and Propellant Feed System) has been produced and will provide the basis for Phase II of the 
program which is component development and testing. 

Solar concentrators have been functioning in ground applications for many years and the 
technology is well known. However, the requirements of space operation are quite different. 
Concentrator mass must be minimized by using a light weight construction of  aluminum or 
composite materials. In addition, the concentrator must be fabricated in sections on the ground, 
stowed in the launch vehicle during launch, and then deployed to final position on orbit. 
The effect of the space environment on materials, especially atomic oxygen, must be considered 
and thermal gradients across the concentrator must be minimized to prevent excessive surface 
distortion. 

Much of  the current technology for solar concentrators in space was developed in the 1960's by 
the same personnel who performed the work on this project for APEC Corp. Improvements in 
materials and processes using aluminum or graphite composite structures have been made since 
then, and the basic technology is well developed and documented. The purpose of this 
Concentrator design effort was to produce a conceptual design for the ISUS ATD flight 
demonstration. 
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1.0 INTRODUCTION 

The Air Force Phillips Laboratory (PL)  has a current progam to develop concepts and quantify 
benefits of an Integrated Solar Upper Stage ( !SUS ). It is a bimodal configuration which 
generates both thermal thrust and electrical power, and is being considered for future space 
applications. 

This unique concept, which utilizes concentrated solar energy as the power source, has been 
analyzed in a feasibility study and was proposed for further development. The bimodal engine 
concept is based on technologies that are at an advanced development status, and therefore an 
early flight demonstration is considered attainable. The Phillips Laboratory recently entered into a 
more detailed Phase I conceptual design of the proposed concept to evaluate technology, cost 
and schedule for an advanced technology ground and flight demonstration in the 1997 /1998 time 
frame. 

The NASA Lewis Research Center was selected to provide solar concentrator design support 
because of the technology recently developed for the: 

• Space Station Freedom ( SSF)
• Solar Dynamic Ground Test Demonstrator ( SDGTD )
• Two meter diameter concentrator advanced technology project
• Application of micro sheet glass to aluminum or composite substrates.

This report describes the work conducted by APEC Corporation on the Integrated Solar Upper 
Stage Advanced Technology Demonstration (ISUS ATD) program for NASA LeRC. The work 
was conducted under subcontract to Analex Corporation. 

1.1 BACKGROUND 

Air Force Space Command has identified lack of affordability and responsiveness as the two 
primary deficiencies of this nations space launch architecture. Placing satellite systems on-orbit is 
an increasingly expensive proposition, relying on l 950s-era ICBM technologies and one-of-a-kind 
satellites that hamper payload and vehicle processing. A truly operational spacelift capability 
requires inexpensive, responsive space launch systems. 

While efforts are ongoing within the national community to define requirements for evolved 
expendable launch vehicles ( EEL V ) and reusable launch vehicles ( RL V ), little work has 
focused on the upper stage, a device that is required for high-orbit payloads. With a significant 
fraction of  military and civilian satellites going to high orbits ( e.g. geosynchronous), a high-
performance upper stage could minimize the need for costly booster programs and help answer 
spacelift's key deficiencies. By permitting smaller vehicles to launch large payloads, significant 
reductions in launch costs can be enabled. Additionally, smaller launchers tend to have shorter 
processing requirements, improving responsiveness. 
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1.3 PROGRAM REQUIREMENTS 

The mission statement of the ISUS ATD program is defined in Figure i. The objective of the 
Phase I design was to make the many trades between launcher, payload, bus and engine 
subsystems to show that an ISUS ATD can be launched with a user designated payload by 1998. 
As the program progressed, system requirements changed often and evolved based on information 
developed during the program and from potential payload users. The major requirements are as 
follows: 

Envelope 

Payload mass 

Orbit transfer 

Orbit 

Power 

Life 

- Titan IIG Fairing 

- 330 kg (720 lbs) 

- From LEO to Molniya in 30 days 

- Molniya 12 hour orbit 63.4° inclination

- 1000 watts from the thermionic diodes to the payload 

- 3 years in orbit 

On orbit repositioning- 90° in 72 hours 

To assure program success, these requirements must be met within the established budget and 
schedule constraints. 

1.4 SOLAR CONCENTRATOR DESCRIPTION 

The ISUS solar concentrator system consists of primary and secondary concentrators. The 
primary focuses solar flux into the secondary which further concentrates it into the receiver, 
absorber, cavity ( RAC ) of the ISUS engine. Two concentrator arrays are located 180° apart, 
one on each side of the Titan IIG launch vehicle, Figure ii. 

The primary concentrator consists of three panels wrapped around the liquid hydrogen ( LH ) 
tank during launch. In orbit, the panels unfold and the primary concentrator is deployed on a 
boom to the offset geometry. The reflective surface is pointed toward the sun and maintained in 
that position by a solar tracking device. A spot positioner device between the boom and primary 
corrects for deployed position errors. 

The primary concentrator is an asymmetric portion of a paraboloidal surface determined by the 
offset geometry. The baseline design is of aluminum sandwich construction, although graphite 
composite facets are being constructed and evaluated by NASA LeRC as an alternate 
construction method. The panels are stiffened in areas where hinges, positioners and locks are 
attached or where mount points are required for launch support. 
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The secondary is a Winston compound parabolic concentrator ( CPC ) and is mounted at the 
RAC aperture but is thermally insulated from it. The secondary is actively cooled by heat pipes 
surrounding the reflective surface to maintain an acceptable operating temperature. 

When the ISUS ATD program was organized, the design of the primary concentrator and the 
overall optical design of the concentrator system were assigned to APEC Corporation. 
Deployment , tracking, and secondary concentrator construction details were assigned to other 
organizations with peripheral participation by APEC Corporation. 

2.0 STATEMENT OF WORK (SOW) 

The SOW for the conceptual design of the Solar Concentrator was established to cover the 
anticipated tasks for the ISUS program based on knowledge available at the start. The overall 
role for APEC was to support the NASA LeRC and the Air Force Phillips Laboratory in 
generation of an ISUS concentrator concept design that could be used to demonstrate the 
readiness of the ISUS for a useful application. Tasks were established based on this role and 
knowing that the work assignments could not be defined specifically at that time. The Phillips 
Laboratory personnel stated that many trades were expected and flexibility in making many 
iterations would be required. The SOW agreed to by APEC and Analex was defined by APEC 
ER 1010, "Conceptual Design of a Deployable Concentrator for the Integrated Solar Upper Stage 
( ISUS) Advanced Technology Demonstrator ( ATD )". 

The task descriptions are summarized as follows: 

Task 1. Prepare sketches of potential concentrator concepts and packaging/deployment 
schemes 

Task 2. Define requirements and perform analyses of several concentrator designs. 

Task 2a. Define concentrator engineering requirements. 

Task 2b. Conduct trade studies to optimize concentrator conceptual design. 

Task 2c. Perform ray trace analyses of primary/secondary concentrator combinations to 
predict performance characteristics. 

Task 2d. Perform limited structural analyses on selected concentrator designs. 

Task 3. Prepare a detail conceptual design for the concentrator system selected in 
Task 2 including development plan, cost estimates, and schedule. 

Task 3a. Conduct structural, thermal, and dynamic analyses on the final selected 
concentrator design. 
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Task 3b. Evaluate candidate materials of construction for the concentrator. 

Task 3c. Prepare conceptual layouts of the final selected concentrator design. 

Task 3d. Identify tests and hardware required in the ATD development phase to qualify 
the concentrator for flight. 

Task 4. Prepare bi-weekly progress reports, presentation material for program reviews, 
and a final report. 

The initial schedule called for completion of the above tasks by June 1, 1995 but the Phillips 
Laboratory revised the program schedule and completion was extended into July. 

3.0 SUMMARY OF RESULTS 

The Concentrator conceptual design for the ISUS ATD program was accomplished per the plan 
prepared by the Phillips Laboratory. The initial portion of the conceptual design was directed 
toward establishing the requirements. This resulted in several decisions that impacted the 
concentrator design since space vehicle selection and payload size and power requirement 
underwent several iterations. The final selection of the Titan IIG space vehicle and a 1000 watt 
payload power requirement produced a much larger concentrator than was originally envisioned. 
Requirements were originally established in the Requirements Review meeting at NASA LeRC on 
March 2 & 3, 1995 and further defined at the Mid-Term Program Review at Phillips Lab on 
March 28 & 29, 1995. 

Following selection of a final launch vehicle and payload power requirement, the concentrator 
concept configuration was selected. The concept consisted of two primary concentrators on 
booms, 1 so0 apart focusing into two secondary concentrators located at the inlet to the RAC. 
The next phase of the program evolved trade studies to finalize performance estimates, 
deployment mechanisms, materials of construction, reflective materials, and envelope details. 
The results of this effort were presented at the concept Design Review held at NRL on May 16 & 
17, 1995. 

During the final portion of  the program, the concentrator design was further refined to provide 
details of  mounting and attachment to the launch vehicle, designing a fine pointing actuation 
system to adjust for tolerances in manufacture and construction, and finalizing performance 
estimates. In addition, the concentrator section of the final report was written and a cost estimate 
for ground testing of the concentrator prepared. The results of this work were presented in a 
Final Program Review at Phillips Lab on June 21 and 22, 1995. 

The technical details of the concentrator program are presented in Appendix A and consist of the 
written work presented to Phillips Lab for inclusion as Section 5 .2, Concentrator System, in the 
Air Force final report. 
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The cost estimates for the ground test demonstration are presented in Appendix B and consist of 
the estimates supplied to Phillips Laboratory for inclusion in the Air Force final report. 

In summary, the ISUS ATD concentrator conceptual design was completed by APEC Corp. for 
Analex and NASA LeRC as required. All technical requirements were met and the concentrator 
conceptual design was conducted on schedule and within budget. 

4.0 CONCLUSIONS 

The ISUS ATD concentrator concept design has been completed. It is concluded that present 
solar concentrator technology can result in the design and fabrication of a concentrator that can 
be launched to operate on orbit and meet requirements. There are some issues and concerns 
related to design and fabrication that should be attended to in order to constrain costs and meet 
schedule milestones to launch. They are identified and discussed in appendix A so that the solar 
concentrator contractor is made aware. 
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ISUS A T D  
Mission Statement 

While satellite assets continue to 
demonstrate the value or space to both 

military and civilian users, placing 
payloads on orbit is an increasingly 
expensive and inf1exible proposition. 
Boosters require months or years or 
preparation, at costs or hundreds or 

millions of dollars per launch. The high 
cost and complexity or these systems 
prevents all but the largest national 

programs from developing space systems 
to meet their requirements. 

The Integrated Solar Upper Stage A T D  is 
intended to improve the affordability and 

responsiveness or the US spacelin fleeL 
High-performance propulsion, coupled 
with electrical power production in a 

single integrated stage, provides drastic 
weight reductions that permit (1) large 
payloads to be moved to smaller, more 
operable boosters; and (2) operational 

payloads to be launched from very small 
boosters, without a substantial increase in 

the transfer time to final orbiL 

P IMARY OBJECTIVE 
Demonstrate the feasibility 
and operational utility of a 
solar bimodal system for 
military and civilian space 
applications 

SECONDARY OBJECTIVES 
• Provide tactical users with 
access to space via a
combination of small launch 
vehicle and low cost payload 
• Shift the paradigm from 
expendable boosters and stages 
to integrated systems and 
standardized bus architectures 
• Permit large space assets to 
be launched from smaller, 
cheaper, more operable booster 
systems 

N a m  ReNal'Ch Labontory 
Washingion. OC 2037S-  

Figure i ISUS ATD Mission Statement and Objectives 
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Figure ii Integrated Solar Upper Stage Advanced Technology 
Demonstration ( ISUS ATD ) 
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