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Space based servicing of an Orbit Transfer Vehicle (OTV) has been outlined 
in sufficient detail to arrive at OTV and support system servicing requirements. 
Needed space station facilities and their functional requirements have been 
identified. The impact of logistics and space servicable design on the OTV design 
is detailed. 

INTRODUCTION 

The President's proposed Space Station (SS) will provide an excellent base 
from which to operate a reusable space based Orbit Transfer Vehicle (OTV). 
Using the SS as a launch and refueling platform will allow the decoupling of the 
Space Transportation System (sTS) earth to low earth orbit (LEO) and the OTV LEO to 
geosynchronous earth orbit (GEO) legs of payload delivery to GEO. The shuttle will 
no longer be forced to launch in a window dictated by the payload delivery, but 
rather on a periodic basis which would allow optimization of ground resources for 
routine flow. The burden of meeting the launch window then falls upon the SS/OTV 
system. This implies the need for a highly dependable OTV and OTV support system 
if the launch windows are to be reliably met. 

The OTV support system will in part consist of SS facilities capable of 
doing routine maintenance and certain contingency repair procedures. It will need 
an efficient logistics function, as well, to provide needed spares and consumables 
in a cost effective, timely manner. Implied by this is a highly developed health 
monitoring system for the OTV and its subsystems. This system must be capable of 
diagnosing items in need of attention early enough so that the necessary 
preventative action can be scheduled and lengthy downtimes avoided. All this is 
made very challenging by the fact that the SS will be able to provide only very 
limited manned support due to the restricted number of men available, the extreme 
difficulty of working in the space environment, and the demands of other SS 
activities. 

GROUND RULES AND ASSUMPTIONS 

Since none of the hardware actually exists, it is necessary to make a few 
assumptions and establish sensible ground rules to allow the task to proceed. 
These are shown in Table 1 and will be briefly discussed below. Since the 
objective of the present study is to identify engine impacts with regard to 
servicing, detailed design of the SS support facilities, etc., won't be attempted. 
Also, assumptions which ease the task of determining representative OTV design and 
subsequent engine impacts will be made fully realizing that they may not be real. 

* This work was performed under Contract No. 127985 with Pratt and Whitney 
Aircraft, West Palm Beach, Florida 
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For instance, all refueling operations are assumed to be performed on the SS 
instead of at a remote propellant farm. Operationally, the only impact is to the 
timeline. The operations to be performed remain similar. The major assumptions 
show up in Table 1 while many of the smaller assumptions will be noted in the text, 
as appropriate . 

The present study ground rules are: the use of the space station as the OTV 
base, STS shuttle as the launch vehicle, manrating of the OTV, L 0 2 / ~ ~ 2  
propellants, and the use of an aerobrake with a low lift to drag ratio. From a 
servicing standpoint, L02/LH2 propellants, manrating, and the aerobrake present 
the greatest drivers. While the aerobrake itself may not need much servicing, a 
fixed aerobrake restricts OTV maneuvering about the SS, drives hangar design, and 
complicates engine servicing. Manrating implies a high degree of 
reliability/redundancy which in turn impacts the integrity of servicing 
operat ions. L O ~ / L H ~  propellants have a major impact on the propellant storage 
and transfer systems and to a lesser extent impacts the engine servicing 
requirements. Principally, the latter will be concerned only with engine changeout 
implications and the required health monitoring system and its requirements. 

As mentioned above, all space based OTV servicing is assumed to be at the SS 
and means to maneuver the OTV about the SS are provided. Specifically, 
the hangar and refueling depot are assumed attached and controlled from a permanent 
OTV control station at the SS. The OTV control station will control all OTV 
related operations: data-handling, refueling, line of sight (LOS) proximity 
operations, maintenance scheduling and procedures (except extra-vehicular activity 
(EVA)), and SS inventory control. The OTV is assumed to be under ground control 
for the LEO-GEO-LEO phase of the delivery missions. Both the baseline Rev 6 
mission model and the SS Mission Model (ref. 1 Vol. 3) indicate an OTV launch 
frequency of one every two weeks to one month. Therefore, a two week turnaround 
will be used as the groundrule. 

OTV MISSION FLOW 

Given the above assumptions and ground rules, the general OTV servicing flow 
can be sketched as shown in Table 2. From this list of operations, those pertinant 
to engine and OTV servicing are further broken out so that an operational and 
functional analysis can be performed which will reveal the SS facilities needs and 
the engine servicing impacts. These will be used as a baseline against which 
alternate servicing concepts will be explored/evaluated. 
Also, contingency operations such as unscheduled maintenance will be discussed 
relative to the impact on the baseline functional flow. 

A "top down" approach was first used to divide up the nominal two week 
turnaround so that the maximum available time to do tasks could be delineated. 
Next, specific individual tasks were considered "bottom up1' in that actual times 
and equipment needed to perform comparable tasks on the ground were determined. In 
this fashion, areas of further research were identified. For the purposes of this 
study, the shorter of the two times were used to assemble the timelines shown. 
Included with the operational analysis are columns indicating facilities needs, and 
intra-vehicular activity (IVA), EVA and delta time. 



Tables 3 and 4 indicate tasks, facilities, and time data for the baseline 
OTV turnaround. Table 2 presents a top level OTV servicing flow while Tables  3 and 
4 break out OTV servicing and engine servicing in further detail, respectiveby, 
Complete mission turnaround is shown to take approximately 10 days. This is driven 
primarily by the LEO-GEO-LEO time and the OTV post mission processing. 

The following discussion will cover the OTV mission flow. The '\genericaQ i3TV 
mission is anticipated to begin early with the mission planning activities and 
other operations by the payload program. The SS begins its preparations 2 co 3 
days before the payload is delivered by the STS. The payload is delivered a 
nominal one week early principally at the convenience of the shuttle and i s  stored 
on-board the SS awaiting pre-mission processing. Facilities for handling the 
payload are presumed available. Their exact manifestation is immaterial, b i ~ t  
should include means of mechanically restraining the payload, providing dorlnant: 
power, data handling, and thermal protection. 

A day before the mission the payload is moved into the servicing hangar for 
final check-out operations. No EVA is anticipated, but could be used if t h e  
payload had non-standard interfaces or required some minor contingency repair, 
For normal operations all pre-mission payload check-out operations shall be handled 
remotely. The four hours of check-out time are primarily to allow for P/L 
operations which may be more economically performed on the SS than on the %round, 
For example, payloads could be launched without fluids to relieve designing for 
launch loads. 

Following successful payload check-out, the OTV will be moved to the 
servicing hangar for mating with the payload. A final health check will be made o f  
the OTV and the mission parameters will be loaded into the OTV main computer, The 
OTV to payload interface (I/F) is assumed to be primarily mechanical with a minimal 
electrical I/F provided. The electrical I/F would be standardized as well. as she 
mechanical I/F. If non-standard I/F'S were used, the timeline would need to he 
modified to allow for OTV I/F modification, No fluid I/F% are anticipated, Two 
P/L interfaces are implied here: one for the OTV and one for the STS. Once m a t e d  
and the I/F% verified, the OTV and payload will be moved to the OTV refueling area, 

Refueling is performed as the last major operation in the pre-liiunch flow to 
avoid bringing a fully loaded OTV into the hangar and to minimize boil--off, This 
implies a refueling area capable of accommodating the OTV, aerobrake, sind p a y l o a d ,  
The OTV is docked and refueled on the aft end. A fixed aerobrake will complicate 
the refueling area design. Presumably, a door will be provided in the aerobrake to 
allow the fluid umbilicals access to the OTV fluid interfaces. The refuehiqg 
operation itself is the subject of much debate and is simplified here i n t o  a t a ? k  
chilldown operation followed by the bulk fluid transfer. Simultaneous fluid 
transfer is assumed. Non-hypergolic fluids and "no leak" quick-disconreects (QD") 
should allow this. Also, reaction control system (RCS) propellants and pressurants 
are resupplied in parallel with the main propellants. Pressurant needs should be 
minimized as much as possible due to the inordinate costs of resuppling pressurancs, 

Following resupply, a final OTV checkout can be performed (gimbal a r t u a t c r s ,  
pressure checks, etc). The OTV and payload are then disconnected from the 
refueling area and deployed from the SS. The timeline shown assumes that the SS 
remote manipulator system (RMS) releases the OTV and payload combination w i t h  a 
small delta-V relative to the SS. The OTV uses a "smalla' RCS burn to give 



~ P d l t i o r ~ a P  delta-V (about 3 fps) allowing swifter OTV and SS separation, At a safe 
:estaae. from the SS the OTV control is passed to the ground and the delivery 
aission begins, An orbital maneuvering vehicle (OW) could be used to accomplish 
- ~c same t h ~ n g .  

Space Station control resumes following the return of the OTV to a safe area 
i * _ c k i n  tOS OF; the SS, Here, OTV safing is performed. This may be comprised of 
venting the OTV propellant residuals. However, this timeline assumes that the cost 
s f  propellarsts is of sufficient importance to warrant recovery. Safing would then 
o - s t a i ~ ~  prir~arily, deactivation of the main engines (and the RCS if an OMV is used 
tc recover the OTV), The OTV is returned to the SS following safing either by the 
C 7 V  XGS or an OMV. The OTV is berthed at the refueling area. 

I f  ssfing were to entail venting of propellants, this may have a major 
l ,,,pats. ,-, on the OTV, Non propulsive vents must be provided with the appropriate 

tv.Tx~ing a n a  controls. Venting through the engines would be possible but could 
;-pose bndesirable characteristics on the engine. Additionally, the resulting 
_s-,sr would need to be accounted for. An OMV would not be able to do this as the 
3% wocl!.d lrkely be mated to the aft end of the OTV (so its thrust can act through 
r l-e CTV-p/L center of mass). 

Post mission processing is essentially the reverse of the pre-mission flow, 
T-;e r e s ~ d ~ a .  propellants are removed after docking at the refueling area, Liquid 
pfo9eiia~~ts are returned to the SS cryogen tanks and gaseous propellants are 
F 3 r  ,,4~;-.xcd f9-z use by the SS. RCS propellants would also be returned to storage to 
, 1 3  I r >  the accuracy of pre-mission loading (mass measurement errors would otherwise 
3~co~,lace), It may be desirable to leave a blanket pressure of propellant gases 

1 ; ha  ranks for structural reasons. 

  iring the propellant off-loading the SS data handling system will down link 
i a t c l  from the OTV and return the bulk of this data to the ground where it 

> E  processed, Additional data will have already been sent to the ground 
i-le ~~ission. Some data will also be retained by the SS computer to allow SS 

~ ~ r a ~ l : n e 2  to begin post processing scheduling. Quick data analysis and turnaround 
, I L L  39 essential to efficient OTV servicing, The bulk of the analysis software is 

,slrrred ito I-eside on the ground because it isnk cost effective to burden the SS 
9 t T r L t e -  3r personnel with this task. Two days are allowed for the ground to 

- - I  - -  cs the SS a preliminary post mission maintenance schedule. During chese t h o  

- ags ,  c\e 3'CV would be returned to the hangar if it still has a payload attrched, 
9 - r e r w i s e ,  the OTV is moved to its storage area (which may be the servicing hangar 
- $nose oc this later). 

S l n e e  post mission OTV servicing is highly dependent upon which maintenance 
- ~ d ? a s  t3 5e performed, the routine servicing flow will be discussed along w i t h  a 
>.parate discussion of major contingency operations such as engine removal or 
,:-rhsbralcz repair, Crew time is expected to be an extremely valuable com.odity, 
~ ? a r z f o r e ,  routine operations will be highly automated. In addition, the ground 
1--3:e2sirag of mission data will perform an optimization of servicing tasks and 

e : u r n  a tirile table detailing the exact operations to be performed, An 
~ - , c - ~ ~ r i a a t i , ~ n  is only possible now because both routine, (every missionb and 
.. ~ ~ t ? : : g e n c y  operations will be interwoven to effect the optimization. This 
? > ~ r o x r - a z L i o n  appears in Table 2 made up of the scheduled maintenance tasks from 
" d S ~ ? s  and 4 .  



While the OTV is still berthed at the refueling area, a propulsion system 
check will be performed. This check will be in support of ground analysis of 
flight data to determine items in need of maintenance and to execute tests design2d 
to isolate any anomalies detected in the flight data, The objective of this 
checkout is to drive out any failures which can be remedied in the BTV maintenance 
to follow. Also, tests which require pressurants will need to be perforra~ed here- 
If the OTV was equipped with removable tanks, the tank operations would be 
performed in this area. However, removable tanks are not currently envisianod, 

All maintenance operations will be performed in the servicing hangar after 
the schedule has been returned. The first operation will be an overall. LITd visual 
inspection. This could be done EVA, but will likely be done with a closed circuit 
TV (CCTV) and monitor. In this case, sufficient mobility must be given to the CCTV 
to allow it to reach all areas of the OTV. Most likely, only specific areas will 
routinely be inspected such as the engine nozzles, aerobrake, and OTV e c e e r i o r -  
CCTV movement could then proceed in a pre- programmed manner and the crew woubd 
only override to inspect questionable areas. 

It is anticipated that the servicing hangar will provide for checko~e 
umbilicals more extensive than those provided at the refueling area so thar. 
specific tests can be run on the avionics. All umbilical actuation will be 
automated to avoid EVA costs. EVA is anticipated only for non-routine 1nod1~3e 
change out operations, non-routine inspection, and other infrequently performed 
operations where it won't be cost effective to automate. In any case, after 
checkout umbilicals are attached the avionics will be checked via checkout s o f t ~ a r e  
and equipment carried for this purpose. Any anomalies will be noted and f a c t o r e d  
into the maintenance schedule relayed from the ground. Any EVA operations would be 
performed following schedule finalization. EVA module changeout would be performed 
on all items so identified in the preceding checks. This assumes that the propier 
modules are already on board the SS and the modules were designed for EVA 
replacement. Both of these assumptions will be discussed more completely later, 
No modules have yet been identified which will require changeout after e v e r y  
mission. If this were the case, this would likely be accomplished roboftically 
using only one IVA crew man; once again, to avoid EVA costs. A candidate l i s t  of 
EVA replaceable modules is shown in Table 5. This table includes esthmatcti timas 
and anticipated interfaces. Since RCS modules may involve fluid disconnects, t w s  
operations are shown to illustrate the differences. The fluid QD's lengthen t h e  
time due to the additional effort required to assure the crew's safety 
(installation of spill containment shrouds and check out following installat~on), 

Two major contingency operations identified are engine removal (waic:h c o u i d  
also be routine) and aerobrake repair. Aerobrake repair is included at this point 
as a possibility. It is too early to say exactly what aerobrake repair implies or 
what type of failure it may suffer. Holes could be repaired either by parching or 
panel replacement. Aerobrake removal to ease servicing would be desirable but 
isn't a contingency operation. This would be included in overall processtng f i o t ~  
near the end of pre-mission processing and the beginning of post mission processing, 

ENGINE SERVICING 

Several levels of engine maintenance are identified as detailed an Cable L k ,  

Two types of scheduled maintenance are shown, operations performed after si7ery 
flight and those performed every 10 missions. The latter operations are niesre 



x t e t s  ve snd  performed in addition to the regularly scheduled maintenance, Tbey 
a ' s n  ii7ciude EVA operations (tdrbo pump inspection and line replaceable unit (IRU) 
r z l j l a c e ~ c n t > ,  The engine removal and replacement operation is detailed as we11 as 

Q.-?L-  ~.osslble unscheduled engine repair operations, Unscheduled maintenance could 
L:L~' .> the engine while it is attached to the OTV. This would involve 

= ~ s z . ~ t l a ~ l y  replacement of an LRU that failed prematurely, A removed engine could 
Gv2 a f a J l e d  LRU repaired in a SS workshop if future analysis showed this to be 

rails, Any major repair of the engine will entail removal and return to earth 
I e L a  ."re 

Trie tasks listed are indicative of the types of operations viewed as 
--", - L c s 1 5 ~ e ,  Table 6 is an example of the ground maintenance planned for the RL-10 
5 7 ~ c e  ?>jg Engine (ref, 2 1 ,  When the engine is further defined, the tasks will need 
r b , ~  re-evaluated. The turnaround maintenance tasks are to be fully automated so 
c 7 e y  ~ 7 ~ 3  be performed with IVA. The inspection tasks will need manned involvement, 
-2cse :le greater man hours assigned to the tasks. These tasks are listed 

4n.-a:e y from the OTV tasks previously discussed simply for ease of discussion, - p  - 
-e: _ I d  3e fully integrated with the OTV tasks as part of the ground tiaxiel~rze 

f c t , - - ~ ~ q - i o ?  performed to arrive at the appropriate maintenance schedule. If an 
c p 1 ~ 2  reqo~al were scheduled, the inspection would be eliminated, 

The e2ngine is expected to be the major item to be serviced and is also tbe 
ts,Ldc I , E  the present study. The view just presented is the baseline and 

: - eye  *ts middle ground; one between the ttw extremes of the long life, zero 
7 t l ; - tec t i l~ce  engine and a fully modular, space rebuildable engine. The baselint. 
- *gla;e '?AS :;axe SWU's specified (but not identifiedd so they may be inclcded sn the 

2 ~ l i r s s ,  These LRU's are envisioned to be small items such as transducers or 
, s r L c s r  3?xes which can be scarred with EVA compatibility without encurring a large 

~ ~ ~ h t  L; functional penalty. No major items like turbopumps, heat exchangers, 
r-s: z':anl>ers etc., are included as L R U k s .  Failure of these items would entail - nl 
1 . *.n;;2out a,?-d ground servicing of the failed engine* The weight and 
: -  >eraa%ty of making these E R U k  is felt to outweigh the advantage of - i~:, -h?seb EVA compatible. The one major item which nay lend itself to EVA (or 
.7ste! epAacernent would be the radiation cooled portion of the nozzle if ri-ele -. 3 - . t : ~ ~ t n  advantage to this, Therefore, the philosophy developed here is that 

c x a e  lanlure other than in a LRU will result in the replacement of that 
11: fact, engines will be replaced prior to failure if the health 

system detects an impending failure, 

'lo 7 : f lat  engine removal has been specified, some discussion is warranted on 
a- : - - s  will entail, An experienced ground crew under ideal conditions ( a i r  

~ l ~ d i r i s r a e d  test cell fully equipped with the necessary tools) can remove an RL-lO 
hours. The EVA crewmen are expected to replace an engine in four 
SS hangar, This short time is a goal which makes efficient DTV 
possibility. Two concepts for the engine-BTV interface are shcwn in 

2 ,  Concepts of this nature will be required. It will be necessary 
the OTV-engine interface as much as possible to enable both the engine 

f and provide the necessary functional integrity to the interface orce  
replacement has been effected. For this reason, it is desirable :o 
ssurant activated components as this eliminates a gaseous QD from ;he 

enterface, If the propellant tanks are left with a blank@$ pressure, a 
aE aa:ves will be needed on the vehicle side. The main engine valves should 

1 l a i n  v r t h  "Ie engine so they can be serviced after the engine has been removed 



(possibly on the SS, likely on the ground). The simplest interface design has all 
QD's aligned along a plane which separates the engine and the vehicle. This design 
type would lend itself to remote engine removal, which is a desirable feature. 
This approach would likely incur a weight penalty relative to an approach which 
minimizes weight at the expense requiring EVA assistance. Cost modelling o f  OTV 
servicing scenarios is expected to aid in recommending which approach t o '  use. 

SPACE STATION FACILITIES 

The functional and operational analysis just presented have identified five 
basic space station facilities which will be needed to support a space based OTV, 
The facilities are shown in Table 7. While the facilities are treated as separa.te 
items dedicated entirely to the OTV, in the actual space station they will be m o r e  
general purpose facilities designed to support the OTV, OMV and other spacecraft 
designed for SS servicing. At this point, the facilities are separated more for 
functional reasons than for hardware reasons. The actual SS facilities will 
probably recombine the functions into units logically arranged as part of the SS 
design effort. Therefore, the following facilities discussions emphasize the 
needed functions divided functionally. Possible overlaps are included in the 
individual discussions. 

The servicing hangar will house all the necessary items used fo~r servicing 
the OTV and other spacecraft. It should be a general purpose facility with some 
dedicated items specifically for servicing the OTV and the SS OMV as these two 
spacecraft will comprise the majority of the servicing requirements. fh means of 
mechanically holding the various spacecraft will be needed. A variety of 
umbilicals will also be needed, mostly electrical. It may be desirable to provide 
a pressurant umbilical as well. Propellants and other hazardous fluids will be 
handled at another facility. Power for lighting and power tools should be supplied 
as well as means of securing the astronaut, his tools, and any other loose items 
necessary. One current hangar concept (Figures 3 and 4) involves a translation 
mechanism for the crewmen and a rotary carriage for the spacecraft. This would 
allow the possibility of a quasi-EMU (extra-vehiclular maneuvering unit) in which 
the EMU (or spacesuit) shares the SS atmosphere through an umbilical carried with 
the translation mechanism. In this hangar, total portability would not be 
necessary since a combination of translation and spacecraft rotation will allow 
access to all portions of the spacecraft. 

As with the servicing hangar, many functions of the SS computer system have 
already been mentioned. Therefore, they will only be summarized here. Only a 
small portion of the SS computers'responsibilities will be represented by the OTV 
activities. The SS computer will function primarily as a link between the OTV 
computer, ground facilities, and the SS crewmen. OTV data stored during the 
mission will be down linked to the ground through the SS computer with a portion 
being retained for the SS crewmen to act upon (SS safety related items, for 
instance). After ground processing, an estimate of the OTV maintenance schedule 
will be returned to the SS. The SS computer will then factor in maintenance tasks 
discovered during post mission processing of the OTV and prepare a final 
maintenance schedule. The SS computer will also handle loading of the OTV ccsmp~l te r  
with mission specific data prior to the OTV mission. Part of the SS computer will 
also handle control of the many automated servicing mechanisms. These will include 
the SS RMS(s), refueling, and CCTV movement. 



The above mentioned f u n c t i o n s  may %ore  l o g i c a l l y  be  p a r t  of  t h e  OTW c o n t r o l  
s t a t - o n ,  C e r t a i n l y  i t ems  which a r e  e n t i r e l y  OTV s p e c i f i c  w i l l  be  f u n c t i o n s  o f  t h e  
37'7 ::oc:rc~I s t a t i o n ,  The major  i t e m  h e r e  i s  OTV r e f u e l i n g  and OTV LOS c o n t r o l ,  
" L ~ a  SS c o n p u t e r  w i l l  p robab ly  j u s t  moni to r  s a f e t y  r e l a t e d  items s o  i t  c a n  respond 
3--a4?1-1y if an emergency were t o  occur .  The b u l k  of  t h e  OTV r e l a t e d  s o f t w a r e  and 
ryske-: v i P l  r e s i d e  i n  t h e  OTV c o n t r o l  s t a t i o n  ( f u n c t i o n a l l y  a t  b e s t ) ,  The OTV 
- a - : r o l  s t a ~ h o n  w i l l  be t h e  pr imary man-machine Link between t h e  OTV and t h e  SS 
2rt?d,  S e v e r a l  DTV d i s p l a y  and equipment c o n t r o l l e r s  w i l l  b e  l o g i c a l l y  a r r a n g e d  
nere t o  enable e f f i c i e n t  BVA c o n t r o l  of t h e  v a r i o u s  phases  of t h e  OTV miss ion .  The 
>TV r o ? t r n I  s t a t i o n ,  a s  w i t h  t h e  s e r v i c i n g  hangar ,  w i l l  p robab ly  s h a r e  hardware  
w i i n  other s p a c e c r a f t .  T h a t ,  however, i s  a  Space S t a t i o n  i s s u e ,  

Thp OTV r e f u e l i n g  a r e a  w i l l  work c l o s e l y  w i t h  t h e  c o n t r o l  s t a t i o n ,  The 
~~?---n;lr; Eurac~ ion  h e r e  i s ,  o b v i o u s l y ,  r e f u e l i n g  of  t h e  OTV. However, s e v e r a l  o t h e r  
-ropeiIact and f l u i d  r e l a t e d  f u n c t i o n s  w i l l  a l s o  be  accomplished h e r e ,  The 
r ta?ere l -cg  a r e a  w i l l  r e p r e s e n t  a  s i g n i f i c a n t  p o r t i o n  of  t h e  SS mass s o  i t s  l o c a t i o n  
J I . ? ~  be i - r i t i c a l  t o  t h e  S S  c o n t r o l .  The d i s t u r b a n c e s  due t o  t h e  p r o p e l l a n t  
- r , -~sEe  r t r i l l .  a l s o  need t o  be  accommodated. 

T17e r e f u e l i n g  a r e a  w i l l  house  t h e  c ryogen  t a n k s ,  a n  OTV mechan ica l  
i.:Lel-i5ce, and t h e  n e c e s s a r y  u m b i l i c a l s  t o  a l l o w  r e f u e l i n g  of a l l  p r o p e l l a n t s  and 
; ~ ( ~ s s u l z a t s ,  An e l e c t r i c a l  u m b i l i c a l  i s  a l s o  n e c e s s a r y  t o  a l l o w  c o n t r o l  o f  t h e  OTV 
2 x 1  d s ~ ~  l i c k i n g  of OTV d a t a  s t o r e d  d u r i n g  t h e  OTV miss ion .  I t  i s  n o t  e n v i s i o n e d  - .. -.. A c ,  ~ % i : e r  s p a c e c r a f t  w i l l  be  a b l e  t o  u t i l i z e  t h i s  hardware f o r  t h e i r  r e f u e l i n g ,  
) :.IS .- ES d u e  mainly  to t h e  p h y s i c a l  s i z e  of  t h e  OTV compared t o  o t h e r  s p a c e c r a f t ,  
n ,- L.,,,xe~ ,.. L r e i c e l i n g  s t a t i o n  will l i k e l y  be  p rov ided  by t h e  SS f o r  t h e s e  s m a l l e r  

s p a c e c r b i c ,  (They a r e  a l s o  l i k e l y  t o  r e q u i r e  e a r t h - s t o r a b l e  p r o p e l l a n t s ,  n o t  
c r : o g e P ~ , )  S p a c e c r a f t  wish ing  t o  u t i l i z e  t h i s  f a c i l i t y  w i l l  accomodate t h e  OTV and 
-ct 1ric;i v e r s a ,  A l l  t h e  n e c e s s a r y  c o n t r o l  hardware w i l l  r e s i d e  h e r e  ( v a l v e s ,  
2 u s ~ s ,  rj.:um5ing, e t c , >  w h i l e  t h e  c o n t r o l  s o f t w a r e  w i l l  be  housed a t  t h e  OTV c o n t r o l  
s : r ? 'o i  Cne o r  more CGTVss w i l l  b e  n e c e s s a r y  i f  t h e  r e f u e l i n g  a r e a  i s  no t  v i s i b l e  
, pi>.- t b ?  C O - ~ ~ T O ~  s t a t i o n .  

" I  
>11e space s t a t i o n  w i l l  need t o  p r o v i d e  some s o r t  of  s t o r a g e  f a c i l i t i e s  f o r  

_ i t - 7  :':e PT'i and t h e  v a r i o u s  p a y l o a d s ,  These f a c i l i t i e s  w i l l  a t  l e a s t  provide 
~i?c'e?:cai  ~o1d-down and minimal power and d a t a  i n t e r f a c e s  t o  s u s t a i n  t h e  ~ d e h i c l e s  

dr7-*~r ,c  mode, D e s i r a b l e  f e a t u r e s  would be t h e r m a l  and meteoro id  p r c t z c ~ i o n ,  
sere c l - g  hangar  cou ld  p r o v i d e  a l l  of  t h e s e  a t  a l o s s  in u t i l i t y ,  These are, 

c c l z s z ,  space s t a t i o n  i s s u e s ,  However, t h e y  a r e  worth  some d i s c u s s i o n  h e r e  a s  
e aee sszveral m o d i f i c a t i o n s  p o s s i b l e  t o  t h e  b a s e l i n e  t i m e l i n e ,  F o r  i n s t a n c e ,  

c d p i c c d  a r d  DTV mat ing cou ld  be performed a t  t h e  s t o r a g e  a r e a  i f  t h e  p roper  
~.legnria"s-~~t c a p a b i l i t y  e x i s t e d .  The payload check-out cou ld  be performed h e r e  a s  
h e l l ,  l h i s  cou ld  s a v e  t ime  a s  w e l l  a s  minimizing t h e  movement o f  masses abou t  the 
\ - S  c h e r e ~ y  s a v i n g  SS p r o p e l l a n t ,  

n s  an a s i d e ,  t h i s  b r i n g s  up t h e  s u b j e c t  of t h e  m u l t i p l e  payload i n t e r f a c e s  
-:~:eaz~ry 0x1 t h e  payload that i t  o t h e r w i s e  wouldn? need,  C u r r e n t l y ,  t h e  STS 

t e r r * c e  n a l i f e s t s  i t s e l f  a s  t r u n n i o n  f i t t i n g s  and an e l e c t r i c a l  u m b i l i c a l .  The 
;I$, or  t h e  o t h e r  hand,  would r e q u i r e  some s o r t  of  a x i a l l y  a c t i n g  mechanical  

_:tczEaze and a s e p a r a t e  e l e c t r i c a l  u m b i l i c a l  t o  t h a t  u t i l i z e d  f o r  t h e  s h u t t l e ,  
"rzsunably one s f  t h e s e  two i n t e r f a c e s  cou ld  be  used by t h e  space  s t a t i o n  s t o r a g e  
I .  !i t r a d e - o f f  e x i s t s  between r e q u i r i n g  t h e  payload t o  s u p p l y  t h e s e  .. - c L _ e z ~ ~  +- v z :!nil s c a r r i n g  e i t h e r  t h e  s h u t t l e  o r  OTV t o  e l i m i n a t e  one of  t h e  



i n t e r f a c e s .  S i n c e  t h e  payload i s  launched o n l y  once w h i l e  t h e  STS and DTV make 
m u l t i p l e  t r i p s ,  t h e  mass p e n a l t y  may be  b e s t  a s s i g n e d  t o  t h e  payload.  This is a 
s u b j e c t  f o r  f u r t h e r  s t u d y .  

DOWNTIME AND LOGISTICS 

The t i m e l i n e s  d i s c u s s e d  s o  f a r  a r e  f o r  a  r o u t i n e  m i s s i o n  where no major  
f a i l u r e  h a s  occured which r e q u i r e s  a  d e l a y  t o  a l l o w  t h e  STS t o  b r i n g  up the needed 
s p a r e s  o r ,  worse y e t ,  r e t u r n  o f  t h e  OTV t o  t h e  ground f o r  e x t e n s i v e  s e r v i c i n g ,  
Very few m i s s i o n s  a r e  l i k e l y  t o  b e  " rou t ine"  and may w e l l  r e q u i r e  d e l a y s  which 
impact  t h e  b a s e l i n e  t i m e l i n e .  The l e a r n i n g  c u r v e  i s  l i k e l y  t o  e x t e n d  th rough  much 
of t h e  " r o u t i n e "  m i s s i o n  t ime  frame o f  t h e  e a r l y  t o  l a t e  1990". A f u l l y  debugged 
OTV-SS sys tem by 1994 i s  u n r e a l i s t i c  and a n  o p e r a t i o n a l  OTV by t h e n  is an ambitious 
goa l .  However, a l l  t h e  m i s s i o n  a n a l y s i s  t o  d a t e  s u g g e s t  l a r g e  p a y o f f s  f o r  the 
a b i l i t y  t o  f l y  LEO-GEO m i s s i o n s  on a  two week schedu le .  A c a s e  f o r  a n  OTV f l e e t  i s  
emerging . 

The o t h e r  r e s p o n s e  t o  downtime impac t s  i s  a  s u f f i c i e n t  s p a r e s  i n v e n t o r y  a t  
t h e  SS t o  avo id  t h e  m a j o r i t y  o f  t h e  d e l a y s .  S i n c e  f a i l u r e s  a r e  by n a t u r e  
u n p r e d i c t a b l e ,  t h i s  i m p l i e s  s t o r i n g  many s p a r e s  which may never  be needed,  
Unnecessary s p a r e s  c o s t  b o t h  i n  l aunch  mass f o r  t h e  s p a r e s  and i n  t h e  mass of the 
f a c i l i t i e s  needed t o  house  them. The space  s t a t i o n  i s  n o t  y e t  e n v i s i o n e d  a s  a 
f l y i n g  warehouse. It  i s  bad enough t h a t  i t  i s  becoming a  f l y i n g  s e r v i c e  s t a t i o n  - 
(OTV s e r v i c i n g  view p o i n t ) .  A s  a  p a r t  o f  t h e  e v o l v i n g  SS and OTV, a  comprehensive 
i n v e n t o r y  management e f f o r t  i s  recommended which w i l l  minimize s i m u l t a n e o u s l y  the 
r e q u i r e d  mass a t  t h e  space  s t a t i o n  and t h e  down t ime  i n c u r r e d  by t h e  OTV, Tlais 
would e n t a i l  a  h i g h  r e l i a b i l i t y  OTV coupled w i t h  a  component-by-component failure 
a n a l y s i s  t o  p in -po in t  l i k e l y  f a i l u r e s .  I n  a d d i t i o n ,  grouping t h e  h i g h  f a i l u r e  
i t ems  such t h a t  t h e y  may be  r e p l a c e d  a s  a  u n i t ( s )  i s  r e q u i r e d .  From day one ,  the 
OTV d e s i g n  must a d h e r e  t o  t h i s  modular ph i losophy  t o  some degree .  One spare unit 
c a p a b l e  o f  remedying s e v e r a l  f a i l u r e s  w i l l  b e  v e r y  v a l u a b l e .  It  h a s  a l r eady  
emerged a s  a  c o n c l u s i o n  t o  change o u t  a n  e n g i n e  f o r  any major  f a i l u r e  rather than 
r e p a i r  t h e  e n g i n e  on t h e  OTV. A r e u s a b l e  space-based OTV canno t  b e  op t imized  
a l o n e .  But r a t h e r  t h e  OTV and i t s  s u p p o r t  sys tem shou ld  be  o p t i m i z e d ,  
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Table  6 RL10 D e r i v a t i v e  Rocket Engine I n s p e c t  i o n  Task Times (con t inued)  

Inspection Type of Inspection Total Elapsed 
Area  Inspection Type of Fault Technique Access ML hlhlll hlhljl 

Glmbal Load Checkwta Exceeslve Wear G l ~ n b a l  I'ower Englne-A8 1 - 5 0  . 60 
Assembly Requlrcmcnt Check Installed 

Englne Plumblng Leak Check Leaks Vlsual Englne-As I 2.00 1. 00 2 men 
Installed 

TOTA IS 9: 34 6.09 

Turn Around Inspectlon Operations 

Engine External-Weldmeota, Damage, Component Vlsual 
Aasembty Ducts, Components, Security, Loose 

Fluld Llnes, and Iiardware 
Hardware 

As Installed I .50 .25 2 men 

Dlngnostlc Revlew All Computer Compar- N/A 
lson of Operating 
Slgnature 

Thrust Chamber Internal Combus- Slgns of Thermal  Vlsual 
Aaeemblg and tlon Chamber Wall Damage (Corrosion, 
Extendible and Injector Face Cracking, Plugging) 
Nozzle 

"Iiot tiectlon" Weldments, Ducts. Damage 
Mnnlfolde and 
Chnmbe r 'Ikbea 

Vleual 

Expanalon Nozzle Tube Cracks,  Spllte, Visual 
Iiolee 

Extendible Nozzle Slgns of Thermal  Vlsual 
Damage 

ie i i im Bysten internai-Spark N o  spa rk  
Ygnttton 

Throat I .17 . 17 

Dlrectly 1 .25 
Accesalble 

Dlrectly I .17 . 17 
Accesslble 

Dlrectly I .17  . 17 
Accesslble 



- P r o ~ l u ~  rceeeur m themla1 protectlm for O w  an5 payloxis 

- Pro~ldes power, mta, mram: an5 pressurant unt~lllcals 
- Storqe and use of OW anil paylm twdllng cradles 

- General p u p s e  RMS's, asmriaut foot restminvpcditionfng a d  (HPAZ tool md LRU caH!es 

sysbm, incluciing grarsd and SX:  llnl<s as appropriate 

- stores an6 eECUtes routlne servlclng tasks, qxtatfng as WXW frm g r a m  
- AsslmeS major portlon of taslc scheduling operatlora 
- Assrrnes major partion of RMS cmtrnl ard other rwotlcs 

------ ----- - --- 

CYW ST 
- u r s  for OM-PA- ccjntrcj~ fix ~rn- qxratlons 
- Allows mlsslm monlrorlng wNle OW-PA- are unoer gmun5 control 

- Use3 tn mltorlmtrol 07V reft-lellng operations 
-- - -- 

- ProvlOes all cal, e leculca  and fllllcl I n t e r f a x  for OTV main e n g w  and RCS 

--- - 

- Provides mechanical kblu-down , dormant p a R r  ,arid tiealth rrrxlitorlng 

- Could provPde thermal ard meteoroid protectlcn 





Figure  3 - Deployable Hangar Concept 
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