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Evolution of Space Sration Freedom is ju saed  for reasons which vary &om more effedvely u g the m w e d  base to providing a 
means for incorporating new technologies as they come become available. Increasing or, more importantly, balancing the resources 
that are provided to the users is very critical to effectively utilizing the station. At permanently manned phase of the program, there 
will be four crew members that will be supporting and monitoring laboratories. Accepted user mission databases have shown a 
demand for more crew, power, and volume than is provided by the baseline. As the work done in space by NASA continues to 
expand, the station will take a more active role in the missions. New functionalities for its operation and support of other missions 
will be required. One important driver for growth, particularly in the area of structures, is the inability of the baseline codiguration to 
store a l l  the ORU spares that will be required on-orbit. New technologies drive growth by providing a means of streamlining 
operations and possibly reducing the demand on EVA. They will also ensure that the station does not become plagued with obsolete 
equipment. 
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Critl~al Evolution Weeg~irements 

Since the ISPDR, the evolution requirements contained within the PRD have been reduced from 45 to six. The six critical 
requirements are as follows: 1) the ability to increase the total power generation and distribution capability of the station, and the 
ability to distribute growth power to the baseline elements; 2) the ability to increase the Thermal Control System heat rejection 
capacity commensurate with power growth; 3) the ability to increase data processing, transfer, and storage capability of the Data 
Management System; 4) the ability of the station to accommodate an advanced Extravehicular Mobility Unit; 5) the ability to 
augment the transverse boom with growth structure; and, 6 )  the ability to add pressurized volume. When considered during the 
initial design process, these six requirements will provide a basic flexibility for Space Station Freedom to evolve, independent of the 
specific evolution path (e.g., SEI, expanded R&D, etc.). 









Ekctrlcal Power *stem Gr~Mkr 

The requirement for power generagion states that the station shall allow for evolution to a cap&iiity of 150 kW orbitai average power. 
This growth power level resulted from multiple utilization analysis iteratiom using varying allocation assumptions. The requirement 
that the Power Management and Distribution (PMAD) design shall allow for the distriiution of growth power (power generated by 
additional power modules brought to orbit during the buildup toethe evolution phase) to the baseline loads will be added by directive 
to the PRD. This requirement was inadvertently dropped from the CR during the final editing process. 

Replication or retrofit of the baseline EPS hardware (i.e., MBSUs, power modules, SPDAs, etc.) constitutes the minimum impact 
approach of achieving the growth power generation and distribution requirement. Installation of the associated growth electrical 
utility lines can be defened until they are needed for distributing growth power. Deferral of these two aspects of the EPS growth is 
necessary because of the weight associated with the equipment and the current state of the baseline weight allocations. 

The Solar Alpha Rotary Joint provides the following three functions: 1) sun tracking rotational movement of the PV arrays; 2) 
structural load transfer between the inboard and outboard buss members, and; 3) t~ansfer of 160 VDC power and 1553B data across 
the Alpha Joint. Increased load transfer capability could be attained by replacement or retrofit of the SARJ trundle bearing packages, 
and, subsequently, the drive motors and Rotary Joint Motor Controllers s). The hpact  on non-OR?J components of this 
method of structural upgrade is currently being investigated. Power and data are transferred across the alpha joint by means of the 
Utility Transfer Assembly (UTA), which is an ORU. The baseline UTA design contains 18 power "roll rings9' (4,4 wire channels) 
and 24 data "roll rings9'. The minimum impact approach to power and data transfer upgrades would entail changeout of the baseline 
UTA with the UTA designed previous to Restructuring (24 power roll rings and 48 data roll rings), A study is underway which 
addresses the details of the evolution requirements for the SARJ and the means of satisfying them. 





Eie~=lrlcaB Psswsr System GroWk: (Cont.) 

A "growth" inertia requitement is being levied upon the design of the drive system. Analysis is underway to determine whether the 
equipment to be located outboard of the alpha joints during the evolution phase of the station has inertia properties that exceed the 
capability of the motors. The rotation capability can be upgraded by replacing the drive motors and RJRlCs, as was presented on the 
previous chart. However, the design-limiting factor of this upgrade is the load carrying capability of the race bull gear, which, as an 
integral part of the bearing assembly structure, is not an orbital replaceable unit (ORU). Similarly, replacing or adding trundle 
packages on-orbit will allow for greater load transfer, but could also cause the race ring and "skirt" (non-ORU) to buckle. 

There are several potential impacts to the baseline that result from these minimum impact solutions, although the degree of impact 
varies. One impact that is common across all distributed systems is reserving volume/access for growth hardware. A prime example 
of this impact is the identification of volume required for additional or upgraded 1Ml8SUs (required because there is a minimal number 
of spare RBIs within the baseline configuration). Placement of the electrical utility lines associated with the growth of the EPS will 
need to be identified. As a result of being a nokORU, the SARJ bearing assembly, which consists of the skirt, race ring, ribs, 
T-rings, and hubs, will need to be sized for growth loads. 





Thermal Control Systerea, GPaWh 

The inknt of the gowth 'l"hema1 Cone01 System VCS) r ment is to emuhe that the desim of the system atlows for upgrading 
the heat rejection capability consistent with the increased heat loads g e n e r a  by the power system, crew, and equipment during the 
evolution phase. An initial assessment of the endpoint heat rejection capability during the evolution phase results in a growth load of 
= 165 kW. 

Placement of "growth" radiators on the station has been severely constrained as a result of the the Pre-Integrated Truss (PIT) design 
which came out of restructuring. The location of the h4T prohibits growth of radiators in the +X direction, and the PIT prevents 
growth in the +/- Y direction. The option of extending the radiators in the -X direction at the current baseline location is being 
investigated. 

The minimum @act approach to increasing the capabilities of this system consists of ORU replacement and retrofit of the TCS 
equipment (ie., pump module assembly, thermal radiator rotary joint, radiator panels). One "brute force" option that is under 
consideration would place growth radiators and equipment on growth structure. The specific details of the options available are 
currently being investigated through an advanced study at JSC. The main potential impact to the baseline is, once again, preserving 
volume for the growth equipment and structure. 





Pressurized Volume GroWh 

The hei i t  of t r " i  i ~ L 2 ~ ~ 1 i i  is erfiiiie that the Spa= S t d ~ f t  desigr? d ~ w s  for &IS e q ~ n s i o n  ~f &I: m-odiIre pattern via laborafories, 
habitats, resource nodes, airlocks, ACRVs and log modules. The need for this requirement is driven by the results from numerous 
utilization analyses based upon accepted user mission data. 

The minimum impact approach to implementing growth of the module pattern would defer the work until post-EMC. This is true not 
only for the pressurized canisters, but also the common berthing mechanisms and utilities required for installation of the elements. 
The critical impact to the baseline design is the reservation of volume, both internal and external, for the elements and supporting 
utility lines. More specifically, for the elements, node ports need to be made available for future use as a module path. The utility 
line issue is somewhat more complicated. Not only is volume required for the growth lines, but also a means of connection to these 
lines. 





Truss Structure Grovrlh 

Tl%SS Czt? W C G F ~ % O ~ ~ ~  th3 8d&~01! 0f g0Wh S a ~ W l e  

along and orthogonal to the transverse boom. It also allows for the addition of the growth utilities associated with the increase in 
resources. 

Structure added along the transverse boom will be required for accommodating growth power modules. Structure will be added 
orthogonal to the transverse boom to accommodate additional subsystems, spares storage, utilities, technology payloads, and EOS 
and/or spacecraft servicing facilities. All structure will be added only when needed after PMC. 



Truss Structure Growth 

@ PRD Rev D Requirement 
- 3.4.5.4.2 the SSMB structural design shall allow for addition of 

power generation capability along the transverse boom, 
addition of truss orthogonal to the transverse boom, and for 
utility distribution associated with growth resources 

@ Minimum impact Approach 
- Add structure orthogonal to the transverse boom post-EMC 
- Augment the transverse boom along the Y-axis for power 

system growth post-EMC 
- Defer utility lines for growth 



Truss Structure GroWh QConf .) 

The acidition of stru in either m ~ d e  will be pssible ~ d y  if h ~ h g s  and connectors, as well as volme, are provided in the 
baseline configuration. Langley is currently identifying the configurations for the phases of the station beyond PMC. Studies are also 
underway that are addressing the issues of transition smcture, loads analysis, and growth utility placement and support. 



Truss Structure Growth 

Continued 

@ Potential Baseline Impacts 
- Provide fittings at specified locations to allow the attachment of 

structure orthogonal to the Pre-Integrated Truss (PIT) 
- Provide fittings and connectors at the ends of transverse boom 

for power augmentation 
- Reserve room along faces of the transverse boom for utilities 

@ Structural loads analysis has not been completed (baseline or 
growth) 



EVA Systems GrolwBCa 

The WAS growth requirement states that "the SSF design shall allow for upgrade to a station-based EVA capability using an 
on-orbit serviceable EMU". Work is being done tkrough the advanced studies program that will trade competing EMU life support 
technologies and candidate c o n f i ~ o n s ,  and identify highly probable growth paths. Potential growth paths include support of an 
on-orbit serviceable high pressure (3500 psia) oxygen system, on-orbit hydride-based heat rejection systems, and data interfaces 
necessary to support automated checkout and servicing of an advanced EMU. 

The minimum impact approach to fulfYling the requirement is to defer installation of the EMUS and the associated support equipment 
and hardware. Volume for this growth equipment needs to be identified and reserved during the baseline design of the airlock. More 
important, however, are the penetrations in the airlock shell and MM/OD shielding that need to be drilled during the initial 
manufacturing process. Several of the growth scar airlock shell penetrations currently exist in the baseline design (i.e., 900 psia 02, 
low pressure Hz supply, 100-200 psia Hz, 120 VDC, and 1553 data bus), but others remain to be baselined (i,e., 62/35 OF cooling 
supply and the cooling return). 







Data Management System Growth 

PRD Rev D Requirement 
- 3.4.5.4.3 The SSF design shall allow for growth in data 

processing throughput and function, data storage capacity and 
performance, and network communication bandwidth by 
providing expandable and upgradeable system designs 

@ The PDRD recognizes the evolutionary nature of this system 

@ Linkages bet en the PRD and PDRD have been identified for 
this requirement by ARMS 

Evol Sym DMS &9l 





Next Step 

@ Work Package visits to review draft PDRD Evolution 
Requirement CR 
- Work Package 1 - August 12 
- Work Package 2 - TBD 
- Work Package 4 - August 20 

@ Support WP assessment and flow-down of requirements into 
Level III documents 
- Assessments must be performed at the detail design level 
- LaRC and Advanced Studies task managers available for 

support 

Ewl Sym Next b e p  B/D1 



Space Station Freedom Evolution Quotes 

Numerous statements concerning the capability of Space Station Freedom to evolve are 'bekg m d e  bd  k ~ i d e  mcl o~tside the 

agency. Extensive analysis has been performed in support of identifying those resources that are critical for evolution of Freedom, 
and work is currently underway that will determine the follow-on and evolution phase configurations for the station. A considerable 
amount of these studies have been done from outside of the "work package baseline design process". To ensure Space Station 
Freedom retains the capability to evolve, the results of these studies need to be factored into the Level III work that is being done on 
the baseline design. 



Space Station Freedom Evo u t i ~ n  Quotes 

"We realize the value of retaining a growth capability and have 
done so wherever possible" 

- Dratt testimony for the W '92 SSF Budget hearing 

"The NASA response to the 9 ay assessment will include a 
capability growth strategy beyond the initial phaseg9 

- 1/91 Lenoir letter to Congress 

"The design should not preclude future expansion in structure, 
power and crew size to enable its evolution ... BY 

- 12/90 Aldrich memo to Lenoir regarding restructuring 

" We fully expect that as we build this station we will, in time, 
meet the requirements of the principal scientific research ... 9 9 

- 3/91 Fisk statement in response to NRC, SSB 
criticism of the restructured PMC design 

LaRC SSFO 

Ewl5ym Quotes am 1 




