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FOREWORD 

Phase I 1  documentation prepared f o r  th2 Requirements and Concepts f o r  

Space Processing Payl m d  Equipment Study under Contract NAS 8-28938 resul  ted  

i n  a three-volume repor t .  These vol umes are as fol lows: 

Vol ume I . 
v0;ume 11. 

I I A .  

I IB .  

I IL 

I I D .  

I I E .  

Volume 111. 

Executive Summary 

Techriical 

Experiment Requirements 

Payload In te r face  Analysis 

Data Acqu is i t ion  and Process Control 

SPA K i t  

Commercial Equipment U t i l i t y  

Programnatics 2nd Payl oad Acconmodation 

Volume 11, Technical, i s  published as f i v e  sub-volumes i n  order t o  

f a c i l i t a t e  presentdt ion o f  top ica l  groupillgs of data. 

Phase I documentation was prev iously  documented i n  1973 as three 

vol umes under the ti tl e, Requirements and Concepts f o r  Materi a1 s Science 

and Mdnufachring i n  Space. 

One feature of  t h i s  study has been the close associat ion between the 

NASA Shut t le  S c r t i e  Workiog Group on Mater ia ls  Science and Manufacturing i n  

Spacc ccc! the study contractor,  TRW Systems Group. The NASA-MSFC study COR, 

Mr .  hmneth R. Taylor, has provided TRW Systems Group w i t h  working group 

documentation and, i n  turn, has coordinated study task resul t s  i n t o  the 

a c t i v i t i r ! ~  o f  the working group. 

The TRW Systems Group personnel who assisted i n  the oreparat ion o f  

Volume IfC are l i s t e d  below: 

C .  Y Kayton 

MS. A. G. Sni t h  (Ed i to r )  
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DATA ACQUISITION AND PROCESS CONTROL 

1 . SUMMARY 

The Spacel ab In fo rmat ion  Management System (1%) w i l l  t e n t a t i v e l y  

p rov ide  the serv ices shown i n  Table 1 t o  the  hos t  veh ic le  subsystems and 

those i n  Tab1 e 2 t o  the experiment payloads. Great emphasis i s  placed on 

crew sa fe t y  and on achiev ing low cos t  by n o t  excess ive ly  automating. The 

m a j o r i t y  of these scrv ices can be provided by the common-support subsy:tems 

i n  the  Support Module furnished by t he  Spacelah manufacturer a t  no cos t  

t o  the payload. Others a re  provided by the SPA-furnished payload equip- 

ment. Table 3 i n  Sect ion 2.3.3 g ives a l i s t  o f  t he  equipment i n  each 

category. 

The SPA payload w i l l  u t i l i z e  the common-support 25 kbps record- 

ers,  te lemetry  , c l  osed-ci r c u i  t TV , Spacel ab ' s  pay1 o ~ d - d e d i  cated computer, 

nas te r  intercom and subsystem caution-and-warning. The SPA payload w i l l  

f u r n i s h  w i r i n g  and mu1 t i p l e x i n g  equipment t o  t r a n s f e r  up t o  12,200 bps 

f r o m  the experimsnts t o  the payloarl computer's inpu t -ou tpu t  u n i t  and 

6000 bps o f  commands t o  the  experiments, both w i t h i n  the capac i ty  of the 

cumrin-support equipment. 

I t  has been est imated (see Sect ion 3.3.3) t h a t  by us ing the C O m m -  

support equipment and Spacelab-furnished in te r faces ,  the  Space P r o c e s s i ~ g  

payloads need on l y  f u r n i s h  about $4.5 m i l  1 i o n  of  new IMS hardware and so f t -  

ware, compared t o  $25 m i l l  i o n  i f  i t  furn ished i t s  own equ iva len t  hardware. 

No e lec t ron i c  ground support equipmznt i s  requ i red  f o r  checkout 

a f t e r  the Spacelab i s  loaded i ~ t o  t he  Shut t le .  

Cer ta in  Spacel ab requirements, espec ia l l y  the  man-machine i n t e r -  

faces, should be determined i n  the CVT a t  NASA/MSFC where Spacelab crews, 

Shu t t l e  crews, and f u t u r e  ground-based P r i nc i pa l  I nves t i ga to r s  can 

eval uate proposed designs p r i o r  t o  the  C r i t i c a l  Design Review. 

No new technology i s  requi red i n  the design o f  the Space Processing 

IMS. 



Tab1 e 1. Ten ta t i ve  Subsystem Support Servlces Prov i  by thc ' MT 

SAFETY 

m Caution-and-Warning Panel f o r  Level 1 and 2 Fau l ts  

m Audib le  and V i s i b l e  CW A1 arms 

CHECKOUT 

e Data Bus C o l l e c t i o n  o f  Subsystem Data and Conwle  Switch 

Pos i t i ons  

m Crew and GSE See A1 1 Data 

e L i m i t  Checking f o r  Diagnost ics 

RECORDING 

e Contin.lous 5 kbps I n t e r 1  eaved 

r Time Markers 

DISPLAY 

m 
0 

9 

UPLINK 

e 

Keyboard Select ions o f  Formats 

V i o l a t i o n  o f  Level 3 L i m i t  Gives I n s t a n t  Warning on CRT 

Subsys tem Formats Recomnend: Swi t c h i  ng o f  Redundant Equi pment 

Changes to  F l  i g h t  P l  an 

AND DOWNLiNK 

5 kbps I n te r l eaved  Down1 i n k  D i r e c t  t o  STDN and Vi; TDRS 
5 10 B i t s  o f  Up1 i n k  per  Pass f o r  Subsystem Program Changes 



Table 2. Ten ta t i ve  Payload Support Services Provjded by t he  I F 3  

SAFETY 

e TV Coverage o f  I n t e r i o r  and Pos t-Accident Recording 

e Mu1 ti p l e  Channel Voice Intercom 

a Caution-and-Warning Panel f o r  Level  1 and 2 Fau l ts  

e LPS Taps Computer and Sees a l l  Data 

e Automatic Sequencing (Non-Safety-Cri ti ca l  ) 

e L im i  t-Checki ng o f  Sta tus Parameters 

RECORDING 

o Up t o  20 kbps continuous I n te r l eaved  from SPA Experiments 

a 1 mbps Recorder Not Used by SPA 

e Voice Annotat ion 

e Time Markers on A11 Recorders 

o 4000 Words Ava i l  ab le  f o r  On-Board Precessing 

e Mass Memory Permits Reload o f  Add i t i ona l  Pi-ogran, r l  F l i g h t  

DISPLAY AND CONTROL 

0 Diagnost ic  Formats 

r Suggestions f c r  Ac t ion  i n  Case o f  F a i l  w e  

e Q u i  ck-Look Experiment 

e Keyboard Comands f o r  Sequences and Formats 

UNLINK AND DOWNLINK 

e 20 kbps I n te r l eaved  Data on Down7 i n k  Continuously 

e 256 kbps Down1 i n k  o f  Real - T i m e  Experiment Data t o  STDN Slow 

Playback o f  1 Ilbps, Fast Playback o f  25 kbps: Not Used by SPA 
5 e 10 B i t s  of Upl i n k  per  Pass fo r  Experiment Data Revise Computer 

Program and I n s e r t  Test Sequences 

MULTIPLEX TERMINALS I N  EACH CONSOLE 

a 63 D isc re te  Monitors 

e 15 D isc re te  Comands 

e 31 Analog Mcni t o r s  

o Sel f -Tes t 
- 3- 



2 .  INTRODUCTION 

2 .I PURPOSE 

This repor t  smnarizes a pa r t  o f  the work performed under Task 2 - 
"Development o f  Prel iminary Equipment Design" o f  the "Space Processing 

Appiications Payload Equipment Study". Tne purvJse o f  t h i s  task was t o  

per fom a design m a l y s i s  on the  major i t ens  o f  Space Pmcessing Applica- 

t ions  (SPA) ?ayload eql~ipment w i t h  emphasis placed on def in ing  the i n t e r -  

faces w i th  the host vehicle. The subtask o f  concern b r e i n  was t h a t  o f  

performing a study leading t o  the d e f i n f t i o n  o f  the requirements o f  data 

management and experiment process contro l  and t o  match the SPA payload 

needs to  the capabil i t i e s  o f  both the Shut t le  and Spacelab. 

2.2 SPA INFORMATION PROCESSING REQUIREMENTS 

The br3ad range o f  space experimentation and invest igat ions o f  

{ ~ t e r e s t  t o  the space processing d i s c i p l  i ne  requires a 1 arge inventory 

of equipment and instrumentation. These have  bee^ grouped i n t o  what i s  

cal l e d  " subelements" which encompass modular groups o f  equipment tha t  can 

be reconfigured i n  various ways t o  do d i f f e r e n t  types c f  experiments. 

There are four c ~ ; e r + ~ o n t  subelements (b io log ica l ,  furnace, general pur- 

pose, l e v i  ta t io i i " ) )  and one serv ice suoelement c a l l e d  the "core". I t  i s  

only flown as a payload subelement t o  provide a comnon capab4l i ty f o r  one 

o r  more o f  the experiment subelements. The hear t  o f  t h i s  system i s  the 

information processing sxstem which provides f o r  data acqu is i t ion  and f o r  

processing o f  data f o r  contro l  purposes. 

The general requi renents o f  the equipment i s  t o  accept output signals 

from equipment sensors, t o  convert them i n t o  compatible inputs and t o  

- 
(1) For a descr ipt ion o f  these subelements, see Volume 111. 



monitor o r  s to re  the data o r  act  upon the data i n  a cont ro l  mode. The 

equipment must work i n  both manual and automatic modes. 

The equi prnent must a1 so have experiment guidame capabil i ty .  P r o -  

cedural steps w i l l  appear on the CRT t o  guide the technician, who w i l l  

then inform the computer when each step i s  completed. I n  t h i s  manner, 

human e r r o r  w i l l  be minimized and the t ime required for  each step w i l l  

be recorded. 

The data acqu is i t i on  requirements are t o  accept and measure both 

AC o r  resistance s ignais and low leve l  DC s ignals f r o m  measuring sensors 

such as thennocoupies, s t r a i n  gage bridges, pressure transducers, vel o- 

cimeters, accelerometers, etc.  Using a contro l  rreh-rork the experiments 

may be cont ro l led  as wel l  as monitored. 

The previous study def ined a se t  o f  equipment items t h a t  were con- 

sidered necessary as a p a r t  o f  the in format ion processing system. These 

are l i s t e d  i n  Table 3. 

2.3 INFORM4TICN MANAGEMENT SYSTEM( IMS) 

The Information Management System w i l l  consis t  o f  the f o l  lowing 

support services general ly contained i n  the Space1 ab Support Module: 

e Closed-ci r c u i  t te lev i s ion  (CCTV) 

e Intercom 

e Cauti on-and-warni n5 

e E l e c t r i c  power cont ro ls  

e I n fomat ion  d isp lay 

s Telemetry up1 i n k  and down1 i n k  

a Recording 

e Data t rans fe r  

o Checkout, i n - f l  i g h t  and p r e f l i g h t  

e On-board data processing 

Some of these services w i l l  be con t ro l l ed  by the on-board computers 

and some by the f l  ight-crew. 



Tab1 e 3 .  SPA - Informat ion Prucess ing  System Requi rernents 

DATA ACQUISITION UKIT 

a D i g i t a l  Clock 

a D i g i t a l  Vo1 tmeter 
a Mul t ip lexe r  A I D  Conver ter  

a P r i n t e r  (Output)  

a Scannei- Drogrammer 

a S e t  P o i n t  C o n t r o l l e r  

a Signal  Condi c ione r  

DATA CONTROL UNIT 

a Analog (SCR) C o n t r o l l e r  

a Oi gi  t a l  S to rage  

a InputIOutput  S t  Te 

r Operator  Control Unit  

a Processor  

S to rage  Pe r iphera l  s 
b Tape I n p u t  

a T e l e p r i n t e r  

ELECTRO-OPTICAL IMGING SYSTEM 

e Autornati c P rocessor  

a CCTV Camera 

e Camera Control Unit  

a Frame S to rage  Unit  

a Monitor 

8 Slow Scan Sync and Sweep 

OSCILLOSCOPE 



The Support Moduls as planned w i l l  support many d i f f e r e n t  Experiment 

Modules. Indiv idual  Exoeriment Modules w i  11 be e a u i p ~ e d  w i  t h  payload 
equipment t~ support various d i  sc i  p i  i nes such as Space Processing, P l  asma 

Physics, Sol a r  Physics , Astronomy, Manned Earth Observations, L i  f e  Sciences 

and Comnunication - Navigation. A1 so planned 

which w i l l  inc lude combinations o f  the l i s t e d  
Support Module i s  def ined t o  inc lude tha t  IMS 

comnon usage among the d i  f f e ren t  d i s c i p l  ines, 

by the Spacelab. 

are share missicns 

d isc io l ines.  The 
equipment t ha t  w i l l  be i n  

and i t  w i l l  be furnished 

The SPA payloads w i l l  requ i re  a Support Module, an Experimental 

Module and a k i t ( '  ). The purpose o f  t h i s  repo r t  i s  t o  n v i e w  the func- 

t ions  t h a t  are assumed t o  be performed by the comnon-support equipment and 

the addi t ional  services t o  be included as p a r t  of the SPA payload equipment. 

2.4 KEY ISSUES 

Several key issues concerned w i t h  methods o f  opera t i  on, vehic le 

design atid I M S  design have been i d e n t i f i e d  and are cur ren t ly  under consider- 

at ion.  These issues must be resolved during the co l rse  o f  the design and 

are b r i e f l y  presented here. 

2.4.1 Operational Issues 

A major issue being addressed i s  the question o f  how many Support 

Module; w i l l  be operat ional.  On one s ide i t  i s  suggested t h a t  a s ing le  

Support Module be designed t o  handle the needs o f  many d i f f e r e n t  Experi - 
men t Modul es w i th  no i ndS vidual modi f icat ions being performed between 

f l i g h t s .  The o ther  view i s  t h a t  there should be an ind iv idua l  Support 

Module dedicated t o  each Experiment Module. 

Another issue, which i s  no t  o f  major concern t o  the SPA d i sc ip l i ne ,  

i s  t ha t  o f  the c z p a b i l i t i e s  o f  the STDN net. It has been suggested tha t  

i t  have the a b i l i t y  to  demul t i p l e x  telemetry and te lev i s ion  i n  order t o  

present rea l /  time data ( 5  minutes) t o  the Pr inc ipa l  Inves t iga tor  (PT fir! 

the ground and a1 so t o  fu rn ish  f l i g h t  data t o  each w i t h i n  two weeks a f t e r  

l andi ng. 

Also a t  issue i s  the question o f  how much automation t o  provide t o  

the experiments ( i .e . ,  the extent  o f  crew operat ion c f  the e x p e r i ~ e n t s  

(1) See Volume I I D .  
- 7- 



versus the extent  o f  computer assistance). This decision must be made 

f o r  both the manned Spacelab and the k i t - g n l y  mode, i t 1  which the crew 

i s  a t  the Shut t le 's  Payload Spec ia l i s t  Stat ion. The degree of automation 

f o r  both p r e - f l i g h t  and i n - f l i g h t  condit ions must be resolved. The amount 

c f  automatic sequencirq must be decided as wel l  as the extent t o  which auto- 

mat ic  act ion i s  taken i n  case of a f a u l t .  Decisions such as these are best 

made i n  Concept Ve r i f i ca t i on  Testing (CVT), s t a r t i n g  w i t h  a fully-manned 

1 aboratory and adding automation as the CVT shows i t  i s  needed. 

2.4.2 Vehicle Design Issues 

The issues concerned w i t h  vehic le design must be resolved p r i o r  t o  

the de ta i led  design o f  the MS. 

It must f i r s t  be determined how much comnon-support equipment and 

software i s  t o  be furnished i n  the Spacelab a t  no cost  t o  the experinent 

pay1 oads . 
The degree o f  autonomy o f  the SPA payload equipment w i t h  regard t o  

dependence upon the Shutt le,  Support Module and the ground must be es- 

tabl ished. The use o f  common-support equipment by the various experiment 

d i s c i p l  ines i n  p r i n c i p l e  reduces the cost  o f  f l  i g h t  equipment development. 

On the other  hand, t h i s  a lso complicates the i n te r face  d e f i n i t i o n  and 

ground tes t ing .  

Layout and d i v i s i o v  o f  work among the crew stat ions,  inc lud ing  the 

Snut t le 's  Payload Special c s t  Stat ion, must be determined. These decisions 

are a1 so best made i n  CVT. 

Procurement ru les  must be fomul  ated f o r  the Spacelab's subsystem 

equipment w i t h  respect t o  par ts  se lec t ion  and tes t ing ,  aua l i  t y  cont ro l  , 
dccumentation , p o s t - f i  i g h t  analysis m d  mechanical /thermal environment. 

2.4.3 - Desiqn Issues 

There are two issues concerned w i t h  the design o f  the I M S  i t s e l f .  

F i r s t ,  the extent t o  which the payloads \u i  11 use the common-support com- 

puters, recorders, displays, e t ~ .  , and the extent t o  which they should 

fu rn ish  t h e i r  own equipment and software must be negotiated. The other  

issue i s  the determination o f  the number o f  s ignals t o  be t ransferred,  

recorded and down1 inked . 



3. INFORMATION MANAGEMENT SYSTEM'S 
REQUI REMENTS FOR SPA PAYLOADS 

This sec t ion  deals w i t h  the phys ica l  cha rac te r i s t i c s  and associated 

costs o f  the I M S  equipment necessary t o  the SPA payloads. I t  addresses the 
issue from the p o i n t  o f  view o f  av ion ic  equipment and d e t a i l s  those serv ices 

provided by the  Shut t le ,  Spacelab and t he  payload equipment i t s e l f .  

3.1 SERVICES ASSUMED BY THE SHUTTLE 

The SPA payload equipment makes few demands upon the av ion i c  equip- 

ment o f  the Shut t le .  There demands a re  connected w i t h  the payload spec ia l -  

i s t  s t a t i on ,  guidance and con t ro l  computer, performance m o r ~ i t o r  computer, 

te lemetry  and e l e c t r i c  power. Each o f  these areas w i l l  be discussed 

separate ly  be1 ow. 

3.1.1 Payload S p e c i a l i s t  S t a t i o n  

The funct ions t h a t  a re  assumed t o  be provided by the S h u t t l e  Payload 

S p e c i a l i s t  S ta t i on  (PSS)are presented i n  Table 4 .  For k i  t - on l y  missions, 

:he PSS w i l l  con t ro l  a l l  subsystems and payloads. It w i l l  con ta in  dedicat -  

ed pane1 s  f o r  each d i  s c i  p l  i n e  pay1 oad aboard and caution-and-warni ng panel s  . 
I t  also w i l l  con ta in  the computer-complex and i t s  con t ro l  panels, which i s  

used f o r  p r e f l  i g h t  checkout, i n - f l  i g h t  checkout and moni tor ing,  te lemetry,  

and record ing and monitors the  Shut t le - fu rn ished  TV cameras t h a t  view the 
cargo bay. 

For manned niissions, t he  PSS i s  on l y  i n d i r e c t l y  co~ce rned  w i t h  the 

SPA payload s ince  i t  con t ro ls  th2 S h u t t l e  s i de  o f  the  Shutt le-Spacelab 

i n te r f ace .  I t con t ro l s  incoming TV, voice and data as wi i as Spacelab- 

bound voice and up1 inks.  I f  Shu t t l e  equipment (such as computers a f d  

mass-memories) i s  used to  back up the Spacelab equipment, then the PSS 

w i l l  provide f o r  necessary switching. The PSS has Space1 ab subsystem 

panels t h a t  p rov ide  enough c a p a b i l i t y  t o  s t a r t  t he  1 ab p r i o r  t o  the f i r s t  

en t r y  by t he  crew and t o  a l low d iagnost ics  i n  case the crew detects  a  

Level 1 eps rpncy  and evacuates the Spacelab. The s ta r t -up  and d iagnos t i c  

f l tnc t ion  w i l l  r equ i re  t h a t  the PSS con ta in  caution-and-warning panels, 

keyboard and CRT, and subsystem panel s  f o r  power and envi  ronment c o r ~ t r o l  . 
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No experiment pcns ls  need be fu rn ished  a t  the  PSS. The d i v i s i o n  o f  

func t ions  between the  PSS and the  Support Module S t a t i o n  i s  no t  f u l l y  

understood 3nd should be d e f i n j t i z e d  I n  CVT. 

3 .I . 2  -. Guidance, Nav igat ion and Control  (GNC) Computer 

The S h u t t l e ' s  (GNC) computers w i i l  rece ive up1 i n k  from the  ground 

con ta in ing  time, s t a t e  vectors  and occasional  program 1 oads des t ined  f o r  

one o f  t he  o n - b ~ a r d  computers. 

The Spacelab's subsystem computer i s  assumed t u  rece ive  data from 

the GNC computer v i a  c ross l i nks  from the  redundant MDM's. The data w i l l  

be t r ans fe r red  i n  a spec ia l  format con ta in ing  time, s t a t e  vectors (bes t  

est imate as ca l cu l a ted  i n  the  S h u t t l e ' s  GNC computer), a t t i t u d e ,  and 

spec ia l  l o t t i s  d i r ec ted  t o  t he  Spacelab computers from the  ground. 

3.1 . 3  Performance Moni tor  Cotrputer (PMC) 

No i n t e r f a c e  w i l l  be necessary between the  S h u t t l e ' s  PMC and the  

Spacelab unless i t  's decided t o  use the  former t o  back up the  l a t t e r .  

The assumed te lemet ry  i n t e r f a c e  between the  Spacelab and the S h u t t l e  

i s  shown i n  F igure 1 . The payload experiments wi  11 generate 12 kbps o f  

data as exp ia ined i n  a l a t e r  sec t ion  which i s  we l l  w i t h i a  t he  20 kbps ca- 

paci  t y  o f  the  low b i t - r a t e  te lemetry  system t o  be fu rn ished  by the  

Spacelab. An i n t e r l e a v e r  w i l l  combine 5 kbps o f  subsystem te lemetry  and 

20 kbps of  experiment te lemetry  and t r a n s f e r  the i n t e r l eaved  b i t  stream 

i n t o  the Shutt;e1s PMC i n t e r l e a v e r .  I t  w i l l  then he mixed w i t h  o t h e r  

data and t ransmi t ted  t o  the grouod. 

For some d i s c i p l  ines , high-speed data (256 kbps) w i l l  be t r ans fe r red  
from any experiment o r  from a payload-furnished i n t e r l e a v e r  t o  the STDN. 

Th is  c a p a b i l i t y  w i l l  n o t  be needed by SPA payloads due t o  t h e i r  small data 

ra tes  . 
Closed-c i rcu i  t TV can be down1 inked v i a  STDN whenever the  S h u t t l e  i s  

i n  contact  w i t h  a ground s ta t i on .  I f  a P r i nc i pa l  I n v e s t i g a t o r  des i res 

continuous v i sua l  observat ion o f  specimens, then the  TDRS must have K- 

band c a p a b i l i t y  which i s  n o t  i n  the  present  base1 ine.  





3.1 .5 E l e c t r i c  Power 

The SPA payloads 

Shu t t l e  ( 4  kW) and w i l  

w i l l  be suppl ied b u t  3 

3.2 SERVICES PROVIDE 

w i l l  seed the maximum power avai  lab1 e from the 

1 supb, ement t h i s  when requi red.  Seven k i l o w a t t s  

kW w i l l  be used by the  Spacelab Subsystems. 

D BY THE SPACELAB'S SUPPORT MODULE 

According t o  c u x e n t  expectat ions, t h e  Support Module o f  t he  Space- 

l a b  w i l l  p rovfde the serv ices described below t o  the Space Processing 

payl  oads . 
3.2.1 E l e c t r i c  Power 

O f  7 kW o f  average e l e c t r i c a l  power generated by the Shu t t l e  and 

d i s t r i b u t e d  t o  the Support Module, i t  i s  assumed t h a t  3 kW w i l l  be con- 

sumed by t he  Spacelab subsystems and t h a t  4 kW w i l l  be ava i l ab le  f o r  d i s -  

t r i b u t i o n  t o  the SPA payload. E l e c t r i c  power w i l l  be ccn t ro l  l e d  by the 

Support Module's console operator  (see F igure 2) snd w i l l  be d i s t r i bu ted .  

A fuel c e l l  k i t  w i l l  be provided by the SPA payload and w i l l  be mounted i n  

the cargo bay. I t  w i l l  p r w i d e  power f o r  automated payloads and the Experiment 

Module. The f u e l  c e l l  con t ro l s  and power d i s t r i b u t i o n  w i l l  be operated 

from the Support Module S t a t i m .  

3.2.2 Disp lay and Control  Panels 

The Support Module i s  assumed t o  con ta in  a common-support equip- 

ment, d isp lay  and con t ro l  panel whose funct ions a re  shown i n  Table 5. 

These funct ions a re  summarized as f o l  lows : 

a Control  o f  e l e c t r i c  power t o  each Spacelab subsysten; 
and t o  the  SPA payl oad. 

a Control  o f  cabin a i r  cond i t i on ing  w i t h i n  the support 
module and t o  the experiment module. 

o Control  o f  coo lan t  t o  Spacelab subsystenis. 

a Control  o f  1 i g h t i n g  o f  the Support Module. 

a Support Module caution-and-warni ng. 

a Repeater panel from payload console's 
caut i on-and-warni ng . 

a Repeater panel t o  Shu t t l e  caution-and-warni ng. 
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General purposz d i sp l ay  f o r  mon-i t o r i n g  payload equipment. 

Subsystem Caution-And-Warni n g  

The Support Mc?ule conta ins a caution-and-warning (CW) system 

independent of the computer. I t  i s  pred icated on the  three 1 eve1 s o f  

f a i l w e  shown i n  Table 6. The implementation i s  shown i n  F igure 3. 

1. Level-1 alarms a re  detected ky CW and annunciated 
w i t h  a s i n g l e  1 i g h t  and alarm. The c:ew i s  expec te i  
t o  evacuate the Spacelab and ,, use t he  Level -2 CW 
and t he  CRT a t  t he  Payload Spec ia l i s "  S t ? t i o n  (PSS) 
t o  d'agnoze the  f a u l t .  

2 ,  Level -2 alarms are annunciated on a se r ies  o f  1 amps, 
one f o r  each subsystem. Crew a c t i o n  i s  t o  sw i tch  o f f  
the ma1 f unc t i on i ng  subsystem. 

3. Level -3 a1 arms a re  detected o n l y  by t he  CRT d i sp l ay  
system. Crew a c t i o n  i s  t o  swi t c h - o f f  the  ma1 f unc t i on i ng  
equipment. The CW system suppl ies  a s igna l  t o  the i n t e r -  
com t o  ac tua te  warning tones. Repeater panel s a re  
furn ished a t  the  S h u t t l e  PSS and on the  payload consoie 
o f  the Exper inent Module. 

3.2.4 Recording and Telemetry 

Typ ica l  experiment data to  be downlinked afid recorded a r s  

shown i n  Table 7. Maximum data r a tes  are no more than 12,200 bps 

and the data from the  r e f r i g e r a t o r ,  f ue l  c e l l s  and r a d i a t o r  may be another 

400 bps. Th is  i s  we l l  w i t h i n  the 20 kbps experiment data channel fu rn ished  

by the  common-support equi ptrent. 

The 25 kbps recorder  records an i n t e r l eaved  stresm o f  5 Lbps o f  

subsystem tel2metr.y and up t o  20 kbps o f  expdriment te lemetry,  (most'y 

experiment housekeepi~g)  annotated w i t h  t ime and a t t i t u d e  as shown i n  

Fig; :? 1 on Page 12. The formats w i l l  be determined by the softwdre i n  

the subsys tem and payload computers. 

Where i n t e r m i t t e n t  te lemetry  e x i s t s  t o  ground STDN s ta t io r i ,  r e e l s  

w i l l  be saved th,oughout the  f l i g h t .  In the normal case of TDRS-relayed, 

conti,iuous, S-band te lemetry  i t  i t  assumed t h a t  the tapes a re  saved o n l y  

when telemetry i s  l o s t  

mcst o f  the payloads. 

rclcorder most o f  the t 

. This  recorder  i s  expected t o  serve the  needs o f  

I t  obv ia tes t he  need t o  run a c o w l  ex, high-power 

ime. Four hours o f  data can be recorded on a r e e l .  



Table 6 .  Warning Alarms i n  Spacelab 

Level - 
I Immediate Crew Hazard Imnediate Evacuation o f  Lab. 

Diagnose frcm PSS with Level 2 
and 3 CII. 

11 Crew Hazard i f  Prolonged Use Level 2 CW to Diagnose/ 

< 5 Min S w i  tch-Off Ma1 functioning 

System . 
I I I a  Long-Term Crew Hazard Use Level 2 and 3 Cti to Diagnose/ 

Swi tch-0ff Ma1 functioning Sys tern. 

I I I b  Loss o f  Data . 
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The 25 kbps recorder can be downlinked a t  10 times real - t ime cn t h ~  255 

kbps channel d i r e c t l y  t o  the STDN. 

Two one-Mbps/channel Sky1 ab recorders are 01 armed f o r  common s2ppotqt 

o f  the experiment payloads 7s showr! i n  Figure 1 . These reco rden  a e 

connected t o  the payloads o f  J i s c i p l  ines t h a t  have high-data r a t e  re -  

qcirements by means o f  a coaxial  cable. The SPA payloads w i l l  no t  nted 

t h i s  capabil i ty. 

3.2.5 Intercom 

The intercom i s  described i n  Figure 4 .  It consists o f  two normal 

channels and one emergency channel. The emergency channel connects the 

Support Module, the Experiment Module, the a i r l o c k  and the Shut t le  PSS. 
Z t  i~ a1 ways "on" and permits anyone t o  address a message t o  the e n t i r e  

crew by pushing the energency button. I t  i s  independent o-; the nomal  

intercom. The normal intercom i s  a two-channel telephone system k i t h  

push button s t a t i o n  c a l l s .  Each s t a t i o n  can c a l l  any other  o r  issue a 

vehicl  e-wide a1 am,. The a s i n  panel as shown i n  Figure 5b, and the PSS can 

address the :oudspeaker l cca ted  i n  the Spacelab module and i n  the a i r l ock .  

The payload s t a t i o n  has push-to-tal k microphones. Six  head sets are 

ava i lab le  i n  the Space1 ab f o r  use by the crew. The contro l  panel f o r  

each payluad s t a t i o n  i s  shown i n  Figure 5d. It contains a volume contro l ,  

jacks, c a l l  buttons and an emergency microphone. The master panel con- 

ta ins  a channel selector,  se lec t ive  ca l l i ng ,  volume contro l  and channel 

coup1 i n g  t c  loudspeakers and t o  the Shut t le .  It a1 so contains m i  crophone 

and earphone amp1 i f i e r s  , channel sumn'ng ampl i i'ers, tone-generators 

and the voice-recorder ampl i f i e r 5 .  .4ny crew m?mbcr may actuate the voice 

recorder i n  order t o  ancotate the experiment w i t h  voice. There i s  v isual  

i nd i ca t i on  o f  whether the channel i s  i n  use by another crew member. Play- 

back o f  the tape wh i le  i n  f l i g h t  i s  possible i f  the recorder i s  no t  i r :  use. 

The P I  w i l l  receive a copy o f  the tape a f t e r  the mission. 

The Shut t le  PSS can connect e i t h e r  o f  the intercom channel channels 

to  the Shut t le  voice radio. 

3.2 .6  Closed-Circui t Telev is ion (CCTV) 

A closed-c i rcu i  t TV (CCTV) system w i l l  be furnished f o r  safety S L I ; . - -  

ve i l 1  a ~ c e  and f o r  accident i nves t i ga t i on  as shown i n  Figure 6 .  Two LCTV 
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2ACK 
VOLUME 

MAIN E 1 E 2 E3 RECORD 

0 0 0 0 0 CHANNEL 1 
CALL BUTTONS & LAMPS PAY LOAD 

0 0 0 0 0 CHANNEL 2 

MAIN SHUTTLE AIRLOCK 

0 0 0 CHANNEL 3 

FIGURE 5a. Rmo. . S t a t i o n  I n t e r c o m  C o n t r o l  Panel  

JACK 
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0 0 0 0 CHANNEL 1 
CALL BUTTON & LAMPS 
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0 0 0 0 0 CHANNEL 2 

MAIN SHUTTLE AIRLOCK 

0 0 0 CHANNEL 3 

I ALARM I 

3RBITER COUPLING LOUDSPEAKER 

m ? q - / s l  

FIGURE 5b, M a s t e r  S t a t i o n  I n t e r c o m  C m t r o l  Fane l  





channels w i l l  be furnished i n  the Experiment Module, one o f  which a lso 

services the Support Module. The twc, channels connect a ser ies of f i x e d  

s ta t ions  i n  f r o n t  o f  each console and furnace a t  which a camera can b t  

clamped i n  piace.. The camra w i l l  observe experiment activ;:ies and w i l l  

e i t h e r  be downl i n ~ e d  continuously o r  recorded on a 30-minute-loop re-  

corder. I n  case o f  an accident ( f o r  example, a t  a furnace) the recorder 

w i l l  provide a v isual  record o f  events if it i s  turned o f f  w i t h i n  30 

minutes o f  the accident. Where continuous downlink i s  avai lab le,  the 

recorder w i l l  be unnecessary. The downl inked TW w i l l  a lso be used fo r  

pub l ic  a f f a i r s  broadcasts and f o r  prov id ing cues t o  the P I  on the ground fo r  

,he ove ra l l  supervision o f  the experiment. 

The cameras w i l l  be self-contained w i t h  a 1 - inch vidicon, 80" conical 

f i e l d  o f  view and automatic l i g h t - l e v e l  contro l  from 3 t o  1000 LUX. Two 

cameras w i l l  be provided, t o  be stowed i n  the Support Module when not i n  

use. The downl i n k  system w i l l  have adequate band-width f o r  co lo r .  

The TV w i l l  be downl inked v i a  S-band d i r e c t l y  t o  STDN o r  v ia  the 

TDRS K-band 1 ink, when the K-band l i n k  w i l l  be avai lab le.  The TDRS S- 

band l i n k  i s  t o  be ava i lab le  i n  1980 and w i l l  on ly  accommodate lok-power 

r a t e  analog TV, as on Apollo. TV s ignals passing v ia  TDRS w i l l  probably 

be d i g i t i z e d  i n  the Shut t le ,  us ing the same equipment t ha t  d i g i t i z e s  the 

Snu t t l e ' s  own TV, (see Figure 1 . )  Monitors w i l l  be provided by the 

Shut t l s  i n  the Shut t le 's  PSS and by the Spacelab a t  the Support Fbdule 

Stat ion.  Th? Shut t le  manl~facturer w i l l  provide cameras on the i n t e r i o r  

ef the payload bay t h a t  w i l l  provide surve i l  1 ance of  the cargo bay. These 
cameras w i l l  be connected t o  the monitor i n  the PSS as shown i n  Figure 6 .  

3.2.7 Subsystem Computer and Data Transfer 

Figure 7 shows the subsystem computer and data t ransfer  comp 

Five kbps of data w i l l  emanate from the Spacelab subsystems and w i  

t ransferred by dedicated 1 i n e  and occasional ;y by mu1 t i p l e x  1 ines 

of two computer input/output un i t s  (IOU). The data w i l l  a r r i v e  un 

ex. 

1 be 

to  one 

e r  s o f t -  

ware contro l  and w i l l  be t ransferred t c  the computer which performs the 

f u n c t i ~ n s ,  as shown i n  Table 8. The conputer w i l l  be used f o r  formatting, 

reLording, t e l  m e t r y ,  CRT displays , driving dedicated computers and f o r  

issuing non-safety commands. 





T
a

b
le

 8
. 

S
pa

ce
la

b 
F

li
g

h
t 

S
o

ft
w

a
re

 R
eq

ui
re

m
en

ts
 

16
 B

it
 W

or
ds

 

-
 

F
u

n
ct

io
n

a
l 

M
od

ul
e 

E
xe

cu
ti

ve
 

B
us

 
C

o
n

tr
o

l 
(
4
 F

or
m

at
s)

 
S

el
 f-

T
e

s 
t 

M
as

s-
M

em
or

y 
C

o
n

tr
o

l 
In

p
u

t 
B

u
ff

e
r 

KB
D-

CU
T 

C
o

n
tr

o
l 

C
ro

ss
1 

in
k

 C
o

n
tr

o
l 

C
om

pu
ta

tio
na

l 
S

ub
ra

u 
t
i n

es
 

P
re

fl
ig

h
t 

C
he

ck
ou

t 
(i

n
 t

h
e

 f
li

g
h

t 
pr

og
ra

m
) 

L
im

it
 C

he
ck

s 
an

d 
D

ia
g

n
o

st
ic

s 

C
om

na
nd

 S
eq

ue
nc

es
 
;
 

CR
T 

D
i s

p
l a

ys
 

D
e

d
ic

a
te

d
 D

is
p

la
ys

 (
1

 0
) 

D
ow

nl
in

k 
F

o
m

a
ts

 (
2'

4 

R
ec

or
de

r 
F

or
m

at
s 

C
o

n
tin

g
e

n
cy

 A
ct

io
n

 k
s

s
a

g
e

s
 

P
re

p
ro

ce
ss

i n
g 

-
-
 TO

TA
L 

S
ub

s 
st

em
 C

om
pu

te
r 

-1
ns

tru
c.

 

60
0 

50
0 

1,
00

0 
W

i r
e

d
 

0 
2,

00
0 

1 0
0 

20
0 

60
0 

10
0 

1 0
0 

1,
00

0 

1 0
0 

30
0 

1 0
0 50
 0 

6,
75

0 

P 
a

yl
 02

 
D

at
a 0 

2,
00

0 
1 0

0 0 
1 5

0 
2,

10
0 0 0 

1 
,5

00
 

5,
00

0 

1,
00

0 

10
,0

00
 

50
 

1 0
0 50
 

50
 

5,
00

0 

31
,0

50
 

1,
00

0 
W

ire
d 0 

2,
00

0 
10

0 
30

0 

50
0 

20
0 

20
0 

1,
00

0 

10
0 

1,
20

0 

30
0 

20
0 

2,
00

0 

10
,2

00
 

41
,2

50
 

i 
I
 



The computer funct ions a re  shown on Table 8 w i t h  the  subsystem s o f t -  

ware s i z i n g  be ing shown i n  the f i r s t  column o f  t h a t  tab le .  The sel  f - t e s t  

rou t ines  w i l l  be provided by the computer manufacturer and w i l l  be i n c l  ud- 

ed i n  the f l i g h t  program. Mass-memory con t ro l  i s  n o t  i n  software bu t  i s  

w i red  i n  o rder  t o  permi t  re load ing  a f t e r  an i n - f l i g h t  l oss  o f  merriiry. 

Cer ta in  p r e f l i g h t  checkout programs w i l l  be provided i n  the f l i g h t  program 

i n  o rder  t h a t  the re loading o f  the f l i g h t  program n o t  be requ i red  j u s t  

p r i o r  t c  launch. L i m i t  checks and d iagnost ics  w i l l  be provided i n  o rder  

t o  check normal performance o f  subsystems and advise the  crew when l i m i t s  

are exceeded. Non-safety comnands may be issued by the computer. Non- 

sa fe ty  comnands a re  tnose t h a t  cannot compromise the crew's sa fe ty  i f  ptte- 

maturely issued, no t  issued o r  hard-over occurs. Because most subsjstems 

w i l l  incorporate i n t e r n a l  p ro tec t i on  against  f a u l t y  commands, we expect 

t h a t  the computer w i l l  be ab le  t o  issue many cammands such as programmins 

the subsystem "on" arld "off' ' a t  known times. Safety  commands are not  
p e m i t t e d  t o  be issued by the computer t o  unprotected subsyctms because 

i n  t h i s  design, the  computers w i l l  n o t  have adequate means o f  de tec t i ng  

t h e i  r cwn f a i  1  ures and co r rec t i ng  them. 

The software w i l l  be s ized  t o  del  i ver  tabul  a r  formats t o  the  CRTS, 

each o f  which w i l l  conta in  w i red  symbol generators, bu f f e r s  and re f resh  

e lec t ron ics .  The software w i l l  be adequate t o  show a d i f f e r e n t  format 
on each of  the 2 CRTS. The Spacelab w i l l  be furn ished w i t h  an assembler, 

compi 1  e r ,  b i  t -by -b i  t emu1 a t o r  and e d i t o r  f o r  each o f  i t s  computers, and 

i t  w i l l  be furnished w i t h  f l i g h t  software f o r  the subsystem computer. 

A t y p i c a l  experiment-status format t h a t  might be created by the pay- 

load  computer d r i v i n g  a CRT i s  shown i t ?  F igure 8. I t  i s  assumed t h a t  the 

software t o  c rea te  subsystem d isp lays w i l l  be furnished w i t h  the Spacelab, 

b u t  t h a t  the software f o r  expr r imer t  d isp lays w i l l  be  furnished by the 

payloads. The cos t  o f  p rov id ing  graphic d isp lays,  b lock diagrams and 

automatical l y  reconf igurabi  e  tabul  a r  d isp lays have n o t  been i n c l  uded. 

The computer w i l l  d r i v e  ten dedicated d isp lays  as shown i n  Table 9. 

These d isp lays  w i l l  show time, a t t i t u d e ,  p o s i t i o n  and may be used as d i g i -  

t a l  vol m e t e r s  f o r  subsystems o r  experiments. Two down1 i n k  formats w i l l  

be prepared by t he  software as we l l  as one recorder  format. Contingency 

ac t i on  nessages w i l l  be provided v i a  the CRT. These formats w i l l  recommend 
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ac t ions  t o  be taken i n  case o f  subsys2em f a i l u r e .  I t  i s  assumed t h a t  an 

advanced l o g i c  s t a t e  f o r  subsystem contingency a c t i o n  messages w i  11 e x i s t  

due t o  the  l a r g e  amount o f  experience accummu'iited by r e p ~ t i  t i v e  r e f l y i n g  

c f  the  Support Modules. 

Two i d e n t i c a l  subsystem computers w i l l  be 7rovided. Onz i s  normal ly  

"on" and the  o the r  "off". I n  case of d computer f a i l u r e ,  the  crew must 

power-down the  o f f e r d i n g  computer, turn-on and re l oad  tr.e spare from mass 

memory and pu t  i t  on- l i ne .  This opera t ion  4s estirr,ced t o  take 15 min- 

utes dur ing  which a l l  subsystem computer funct ions arc  i o s t .  Th is  s imple 

design was se lected i n  preference t o  an a u ~ o m a t i c  design because o f  :he 

h igh  cos t  and h i gh  r i s k  o f  o n - l i n e  redundancy and automatic swi t ch ina .  

The program w i l l  be reloaded from a mass memory c a r r i e d  i n  the  Spacelab. 

The mass memory i s  l o c c  ted i n  t he  Spacelab and probably w i l  i be the  

Odetics rsad-only recordar  be ing developed f o r  the  Shu t t l3 .  The f u r n i s h -  

i n g  o f  a dedicated mass lnemory i n  the  Space1 ab s-impl i 3 e s  t he  checkout o f  

the l a b  by i t s e l f  and s i m p l i f i e s  t h e  S n u t t l e  i n t e r f ace .  Each subsystem 

computer w i l l  have an associated i n p u t / o u t p ~ t  u n i t  t h a t  connects i t  t o  the  

sut-.ystems, t o  the keyboard and CRT, t o  the  te lemetry  dnd recorder  i n t e r -  

1 eaver and t o  the  payload computers ( t o  which i t  sends t ime and up1 i n k s  

changes t o  tk,e program). As t im i i i g  analyses become more exact, i t  may be 

poss ib le  t o  simp1if.y the  IOU and l e t  the inpu t /ou tpu t  be 
by the CPU. 

3.2.8 Payload Cornon-Support Computer and Data Tr.. ;fer 

Two redundant common-support computer? w i l l  be prov 

Support  Module f o r  use by the payloads as shown i n  Figure 

ded i n  the  

7.  A s t a r -  

connected ne t  o f  w i res c o l l e c t s  data from the mu1 t i p l e x  termina l  s i n  the 

pdyload consoles. The same data t r ans fe r  system t h a t  w i l l  c o l l e c t  data 

from the payload equipment w i l l  a l so  i ssue  non-safety commands t o  them; 

the re fo re ,  oven temperature p r o f i l e s  can be issued from the cor;iputer 

because each oven has a p r o t e c t i v e  i n t e r n a l  mechanism f o r  sensing over-  

temperature. S i i n i l a r l y ,  the computer can be used t o  c lose  the  i c q p  be- 

tween the magnetic l e v i t a t i o n  sensors and the s e w o r  c o i l s  because f a i l  - 
ui-e o f  the  l e v i t a t i o n  system causes no crew hazard. 



I h e  payload comnon-support computer w i l l  be sized f o r  the funct ions 

shown f n the second column o f  Tab1 e 8 i n  Section 3.2.7. The SPA payioad 

w i l l  use i t  f o r  the funct ions l i s t e d  i n  Table 10 u t i l i z i n g  on ly  a f rac t i on  

o f  the ava i lab le  computing capacity. The f u n c t i o m  are s i m i l a r  t o  those o f  

the subsystem computer except t ha t  the commn-supp:t computer w i l l  be 

sized t o  do preprocessing t o  compress the data p r i o r  t o  telemetry and re-  

cording. For the SPA payload,prepro,essing does not  appear t o  be necessary. 

Contingency actiolr messages w i l l  serve the same funct ion as f o r  the sub- 

system computer, but  w i l l  be fewer i n  number because i nd i v idua l  d i s c i p l  ines 

accumulate less f l y i n g  time and less  t e s t  time on which t o  develop the l o g i c  

Table 7 shows t h a t  a computer o f  capacity of less  than 32,000 16- 

b i t  words i s  adequate f o r  the silbsystem and f o r  the payload computer. 

I t  appears tha t  computer speed requirements x?!l not  be a problem f o r  m y  

1974 aerospace computer. The appl i cab i l  i t y  o f  min i  -computers i s  discuss- 

ed i n  Scction 3.3.1.6. 

As w i th  the subsystm computers, two payload computers w i l l  be 

grovided, one on-1 i n e  and one o f f -1  i ne  as shown i n  Figure 7. Sys tm f a i l -  

ure detect ion and switching w i l i  be manual. It i s  expected tha t  the same 

mass memory t h a t  w i l l  be used f o r  reloading the subsystem computers w i l l  

also reload the payload cmon-suppor t  computers. I n  some desiqns the 

Shut t le  m s s  memorv w i l l  reload the Spacelab ccn~puters and the Shut t le  

PMS-5 computer w i l i  back up one o f  the conlputers (payload o r  subsystem) 

i n  the Spacelab, a decision t h a t  simp1 i f i e s  the Spacelab hardware a t  the 

expense of a great increase i n  complexity of tho in te r face  and o f  the t e s t  

procedures. Any o f  these designs w i l l  be acceptable for the SPA payloads. 

3.2.9 Spacelab 3peratic~ns 

The Spacelab operations i n  the various stages of checkout and f l i g h t  

are sh~wn i n  Table 11, 

The crew w i l l  consis t  of an astronaut. who i s  the mission s p e c i a l i s t  

and occupies a s t a t i o n  1 3  the S u ~ p w t  Vodule. This ind iv idua l  i s  the prime 

ooerator o f  e l e c t r i c  power, ECLS and connecti :ns to the Shut t le  2nd may 

operate exper ime~ts o f  opportunity located i n  the S u ~ p o r t  Moddle 
(those whick do not  requi re e l e c t r i c a l  serv ic ing) .  The d i v i s i o n  3 f  ac- 

t i v i  t i e s  between the Support Module Sta t ion  operators (subsystems and 



Tab1 e 10. Space Pi-ocessi ng Payloads' Software 
Requf remen ts, 1 6-81 t Words 

3a t a  - 
Executive 0 

Bus Control : 8 consoles, 5 cargo-bay terminals 530 

Sel f-Tes t 

Mass Memory Control (wired) 

Input  Buf fe r  f o r  Crossl i n k  

Crossl i n k  Control 

Comp'litational Subroutines 

KBD-CRT Control (external bu f fe r )  

CRT Formats (20 f ixed,  20 variable, 100 
measurements, 3 simul taneous) 

Dedicated Display Dr ive 

P re f l i gh t  Checkout Sequences and 
Moni t a r i n g  

~ i r n i ' t  Checks and Diagnostics (1 00 
measurements) 

Comnand Sequences 

Down1 i nk Formats 

Recorder Formats 

L e ~ i  t a t i o n  Control 

Contingency Act ion Message Tables 

Preprocessing 

TOTAL 

TOTAL WORDS 

Ins t ruc t i ons  

600 

500 

500 

0 

0 

1 00 

200 

200 

500 

1 00 

200 

1 00 

200 

300 

150 

300 

200 

0 

4,250 

18,430 
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payload) i s  suggested i r i  Table 5 o f  Secticn 3.2.2 and the r o l e  o f  the 

Payload Spec ia l i s t ,  though not  wel l  understood, i s  proposed i n  Table 4 o f  

Section 3.1 . f . Amp1 i f i c a t i o n  of both k i  t -only  ex~er iments  and manned 

experiments i s  provided there. The Pr inc ipa l  Inves t iga tor  (PI)  w i l l  be on 

the ground. I t w i l l  very $e l  dom be required t o  have real  t ime data t o  acl- 

v ise on the progress o f  the experiment and be able t o  d i r e c t  the f l i g h t  

crew. The payload l a b  f l i g h t  crew w i l l  consis t  o f  payload electromechanical 

technicians who are i n t ima te l y  fami l  i a r  w i th  the payload equipment. They 

w i l l  have a preplanned schedule o f  a c t i v i t y  i n  f l i g h t  (created i n  the CVT, 

Section 4)  and may be advised by the P I ' S  i f  changes t o  the preplanned 

a c t i v i t i e s  become necessary. A f t e r  the vehic le has 1 anded, specimens and 

associated data w i l l  be removed i n  annotated containers and del ivered t u  

the Invest igators.  Data, voice and TV tape recordings w i l l  be sent t o  a 

data processing center f o r  de-mu1 t i p l e x i n g  and de l i ve ry  t o  the P I S .  

3 . 3  SERVICES FURNISHED BY THE PAYLOAD EQUIPMENT 

This sect ion describes th2 I M S  services desired by the SPA d i s c i p l i n e  

other  than those furnished i n  the Support Module or Shut t le .  

3.3.1 Services to  In te rna l  Payloads 

The fo l low ing services w i l l  be furnished by the payload equipment 

t o  the in te rna l  SPA payloads. 

3.3.1.1 L i q h t i n q  

Ambient l i g h t i n g  i n  the Support r:du!e w i l l  be con t ro l l ed  f r o m  the 

subsystem console wh i le  ambient 1 i gh ts  i n  the Experiment Module w i l l  be 

cont ro l led  from the payload console. Console 1 i gh ts  w i l l  be contro l  1 ed 

by each ind iv idua l  console. Emergency ba ttery-operated 1 an terns, which 

switch on when power f a i l s ,  w i l l  be provided i n  each module. Portable 

f i ash l  igh ts  i r e  desi rable a t  various s ta t ions  i n  both the Experiment and 

Support Modules. 

3.3.1.2 Master Payload Cons* 

This console i n  the Experiment Module w i l l  contro l  1 i g h t i n g  and 

c o n t i n  an intercom s ta t ion .  I t  may also contro l  v e n t i l a t i o n  and the 

d i s t r i b u t i o n  o f  e l e c t r i c  power w i t h i n  the Experiment Module. 



3.3.1 . 3  SPA Payload-Dedicated Consoles 

Each payload d i s c i p l i n e  w i l l  fu rn ish  payload-dedicated I M S  equipment 

i n  consoles having t h e i r  own d isp lay and contro ls .  The console w i l l  be 

connected t o  the c i rcumferent ia l  e l e c t r i c  power bus. I t  w i l l  contain a 

mu1 t i p l e x  terminal :hat w i l l  supply data t o  the payload I O U  and t h a t   ill 
receive commands from the I O U  v i a  c i rcumferent ia l  cable harnesses. I t  

w i  11 contain adequate i n te rna l  p ro tec t ion  against unsafe conmands f r o m  

the computer o r  the crew. 

3.3.1.4 Intercom Sta t ion  

Becaus: o f  the small f l o o r  s ize  o f  the Experiment Module, one i n t e r -  

com s t a t i o n  w i l l  be provided, furnished w i th  a headset t h a t  can be ca r r i ed  

throughout the module. A "record" but ton and ar. "in-use" 1 i g h t  w i l l  be 

furnished on a hand-he1 d 1 ine  connected to  tke  master payload cons01 e so 

the technician can use i t  t o  annotate the experiments. Figure 5, i n  Sec- 

t i o n  3.2.5, shov~s the intercom s t a t i o n  t h a t  w i l l  consis t  o f  two normal 

channels and an emergency channel as described i n  t h a t  Section. A 

personal , battery-operated, voice recorder w i l l  be car r ied  by the experi - d 

menters i n  order t o  record comnentaries (wi thout  time annotation) for  

immediate use a f te r  return ing.  

3.3.1.5 Closed C i r c u i t  Telev is ion (CCTV) 

CCTV w i l l  be furnished i n  the manner t h a t  i s  discussed i n  

Section 3.2.6. The Experiment Modbls need on ly  furnish camera mounting 

stat ions and wir ing.  

3.3.1 .6 Dedicated Pay1 oad Computer 

The SPA payload may prefer  t o  use i t s  own a l te rna t ives  instead o f  the 

common-support computers. Table 12 compares tne cost  o f  using a dedicated 

computer versus using the comnon-su~port computer assuming equi val ent  

development c r i t e r i a .  The cos i  o f  fu rn ish ing  an independent min i  -corn- 

puter i s  s t i l l  unknown because o f  the uncer ta inty  i n  the mechanical and 

thermal envi ronment t ha t  can be survived by a commercial min i  -computer. 

The slow speeds and 1 i m i  ted memory of the mini-computer are no t  expected 

t o  be a problem even wron used to  contro l  the l e v i t a t i o n  o f  specimens. 
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Table 12. SPA Payload's Cost o f  INS Support 

Computer 

Input-Output Adapter (IOU) 

Pay1 oad Mu1 ti p l  ex Terminals (1 3) 

Mass-Memory/Paper Tape Reader 

Conpu ter-Compl ex Control Pane: 

Software 

CCTV Camera, Monitor, Wir ing 

Data CRT + KBD 

Payload CW 

C m o n -  
Support Equip. 

$ 0  

0 

260K 

0 

0 

200c 

50 

1000 

'300 

25 Kbps Data Recorder and In te r leaver  0 

Personal Voi ce Recorder 100 

IMS I n teg ra t i on  200 

TOTAL $4 94 '1  0 K 

Dedicated 
New Equip. 

$ 5000K 

4000 

3000 

2000 

800 

2000 

2000 

2000 

200C 

1 500 

1 00 

500 

822,500K 

Assume both cases use comnon-support intercom, 1 i g h  ti ng and t e l  erne t r y  

contro l .  



Despite the e l e c t r i c a l  s u i t a b i l i t y  o f  the mini-computer, i t s  use i s  ex- 

pected to  be considerably more expensive i n  hardware and approximately 

equal i n  software t o  t h a t  of using the common-support computer. 

3.3.2 Services Furnished t o  the Carqo Bay 

The INS services t o  the SPA M i  t w i  11 consis t  o f  the sensing o f  s ignals 

and the issu ing  o f  commands. An estimated 5 mu1 t i p l e x  terminals w i l l  re-  

ceive d iscre te  and analog signals f r o m  k i  t-mounted experiments and from 

the e l e c t r i c  Poker and Heat Reject ion K i t  (PHRK). The terminals w i l l  

issue non-safety comnands o r i g i n a t i n g  i n  the computer. Each terminal 

t y p i c a l l y  accepts 63 d iscre te  s ignals and 31 analog signals (t 5 vo l t s ) ,  

the 51th and 32nd channels being used f o r  in te rna l  tests. 15 d iscre te  

coqmands can be issued from each terminal. 

An independent, nun-mu1 t i p 1  exed caution-and-warning system w i  11 

accept approximately l l j O  s ignals f r o m  thi! a~tomated payloads and PHRK f o r  

use i n  the Level 1 and Level 2 experiment caution-and-warning l og i c .  Two 

CCTV cameras w i l l  be mounted i n  and furnished by the Shut t le  t o  maintain 

survei l lance o f  the cargo bay. 

3.3.3 SPA IMS Equipment L i s t  

Table 13 1 i s t s  the IMS equipment t ha t  w i l l  be used f o r  the SPA pi?- 

load equipment. The f i r s t  column i d e n t i f i e s  the number o f  a r t i c l e s  

assumed t o  be furnished by the Spacelab as common-support equipment. The 
second col umn shows the number o f  a r t i c l e s  tha t  w i l l  be furnished by the 

payload. For example, mu1 t i p l e x  terminals w i l l  be furnished i n  each pay- 

load equipment grouping to  c o l l e c t  data going to the corcputer and to  d i s -  

t r i b u t e  comnands. The c i r c u i t s  are assurced to be developed by the Space- 

l a b  manufacturer i r  order t o  assure cornpatibil i ty wi th  the IOU, b u t  fab- 

r i ca ted  by the payload in tegra tor .  

CRTs afid keyboards f o r  the Experiment Module s ta t i on  are assumed to  

be furnished by the Spacelab manufacturer as are intercom stat ions,  

speakers and headsets. ( I f  Eurcpean funds are scarce, they may demand 

tha t  these items be purchased by the payload i n teg ra to r  t o  drawings 

spec i f ied  by the manufacturer. ) The payload CW and i t s  repeaters 

are furnished by the payload using the same c i r c u i t s  as for  the sub- 

system CW. 



Table 13. SPA IMS Equipment L i s t  

Computer and IOU 

Subsys tern 
Experiment 

Mu1 ti pl ex Terminal ( M U )  

Subsystem 
Experiment 

Keyboard 

CRT Display and Symbol Generator 

TV ?ameras and Brackets 

TV Monitor 

CCTV Brackets and Wir ina 

Intercom 

Master S ta t i on  
Remote Sta t ion  
Speaker 
qeadse t 
Voi ce Recorders 

L igh t i ng  Controls 

I n te r1  eaver 

Orb i t e r  I n te r face  Panel 

Computer Control Panel 

Subsystem CW Panel 

Payload CW Panel 

Recorder and Tel emetry Control Uni t 

GSE I n te r face  Uni t 

Discrete Comter  Panel 

?ersoi-tal Voice Recorder 

25 kbps Recorder 

H i  gh-Speed Recorder 

Wir ing 

Power Control Panel 

Common Support Furnished by 
i n  Support Module Pay1 oad 



Table 12 shows the cost  of debeloping SFA, payload-dedicated equip- 

ment instead o f  using the comnon-support equipment. 

As an example, i f  the payload makes maximum use of comnon-support 

equipment, i t  need only  supply $4.5 m i l l  i o n  do l l a rs  worth o f  ex t ra  I M S  

equipment and software. On the o ther  hand, i f  i t  wants i t s  own comput- 

i n g  and recording eq~ripment, the payload must fu rn ish  an addi t!onal 

$25 m i  1 1 i on  do1 1 ars worth. These numbers are ar r ived a t  as f ~ l  1 ows : 

a. A payload comron-support computer and IOU 
are furt.ished by the Europeans a t  no cost, however, 
i f  a minicomputer were adapted t o  the Spacel ab 
environment, maintaining formal qual i t y  contro l  
and suppl y i  ng NASA-expected paperwork, i t woul d 
cost  an estimated $5 m i l l i m  f o r  the computer 
and $3 m i l l  i on  f o r  the I O U  t h a t  connects i t  t o  
the devices as shown i n  F i  sure 8. 

b. I f  a new data t rans fe r  scheme were t o  be developed, 
the mu1 t i p l e x  terminals would r i s e  i n  cost  from 
$100,000, f o r  ten copies o f  a known design to  $5,000,000 
f o r  a new development, inc lud ing  qudl i f i c a t i o n ,  i n -  
tegrat ion, t e s t i r g ,  etc .  A paper-tape reader qual i - 
f i e d  t o  Spacelab standards would be needed i n  add i t ion  
t o  the common-support mass memory a ~ d  a contro l  panel 
would be needed f o r  computer, data- t ransfer  and 
1 oadi ng. 

c. Software i s  judged t o  be approximately equal whether 
a mini-computer i s  used, programmed i n  assembly 
language, o r  the European furnished AP-101 i s  used, 
programmed i n  a NASA-devel oped h i  gher-order 1 anguape. 
Software i s  needed f o r  in tegra tors  o f  cornput .r and 
peripherals ( inc lud ing  the i n te r face  t o  the subsystem 
computer), exoeriment in tegra t ion ,  1 aunch-si t e  check- 
ou t  and f l i gh t .  

d. Using the comnon-support 25 kbps recorder fo r  the 
12.2 khps experiment data w i l l  cost nothing because 
a1 1 formatt ing and i n te r1  eaving w i l l  be Spacelab 
furnished. If, on the othe? hand, a dedicated pay- 
load data recorder were needed. i t  would have t o  be 
procured (perhaps a1 so modi f i e c  and qual i f ied )  , a 
formatter would have t o  be designed and b u i l t  and the 
u n i t s  would have t o  be integrated. The cost  would 
be approximately a m i l  1 i o n  do1 l a r s .  

e. Development o f  an independent TV sys tem i s  no t  
recommended. Development o f  an independent CRT- 
KBD would cost  a t  l e a s t  $3 m i l  1 i on  more than purchase 
o f  addi t ional  Spacel ab-type uni t s  . 



f. Use o f  t he  c i r c u i t r y  f o r  the Spacelab caution-and- 
warning might cos t  ha1 f t h a t  o f  developing new u n i t s .  
Because the  caution-and-warning probably must meet 
tne h ighes t  NASA qua1 1 ty standards, i t s  costs  may be 
understated. 

I t  i s  presumed t h a t  Space Processing would n o t  consider development 

of  an independent intercom o r  te lemetry  con t ro l  u n i t .  

3.3.4 Ground -. Support Equipment 

Space Processing w i l l  f u r n i s h  e l e c t r o ~ i r  ground support  equipment 

( E G S E )  f o r  use when the  labora to ry  i s  hor i zon ta l  6:' separated from the 

Shut t le .  I n t e g r a t i o n  and c i~eckout  w i l l  r equ i re  use o f  standard 1 aborc- 

t o r y  t e s t  equipment, a procedwe considered acceptable p r i o r  t o  mat ing 

w i t h  ti 2 Shut t le .  Once t he  labora to ry  i s  loaded i n t o  the Shut t le ,  i t  i s  

expected t h a t  a! 1 checkout can be done w i t h  on-board equipment; t h a t  i s ,  

there w i l l  be no need f o r  EGSE when the  loaded Shu t t l e  i s  i n  a hor i zon ta l  

o r  v e r t i c a l  pos i f i o n  on the pad. I t  i s  expected t h a t  the Launch Process- 

i n g  Sys tm (LPS) w i ;  ? moni tor  the Space1 ab 's  caution-and-warning. 

F.fter mat ing w i t h  the Shut t le ,  the Spacelab subsystems are  powered- 

up f o r  an i n t e r f a c e  t e s t  w i t h  the  Shut t le .  A f t e r  e rec t i on  o f  the  Shu t t l e  

t c  the v e r t i c a l  pos i t i on ,  no subsystem a c t i v i t y  i s  envis ioned u n t i l  the  

crew enters the  l a b  on-orbi  t. Cer ta in  payload equipment (such as the 

r e f r i g e r a t o r )  w i l l  remain "on" through the p r e f l  i g h t  per iod. The 

caution-and-warning system w i l l  de tec t  a f a i l  ure (such as excessive tern- 

perature) and wi 11 make i t  known t o  the Payload Special i s  t and t o  ground 

personnel. Thus, the Launch D i r e c t o r  w i l l  have enough in fo rmat ion  t o  de- 

c i d e  whether t o  f l y  w i t h  reduced ob jec t i ves  o r  t o  hold.  



4 ,  CVT SUPPORT TO THE SPA DISCIPLINE 

The SPA payload equipment would 1 i k e  t o  use the  Concept V e r i f i c a t i o n  

Test ing (CVT) being developed by KASA/NSFC f o r  the fr~l lowi  nq purposes : 

0 Develop i n t e r f a c e  requi  rements among crew, experiments, 
core equipment, experiment equipment and Sht i t t le .  

0 Develop requirements f o r  experiment-support 
sof tware and f o r  core equipment t h a t  are unique 
t o  Space Processing Payloads. 

0 Veri  f y  compati b i  I i ty o f  hardware, software, r ea l  - 
t ime P I  support and p o s t - f l i g h t  data reduct ion 
p r i o r  t~ f l i g h t .  

e Develop f l i g h t  procedures, time1 ines and contingency 
plans. 

0 Tra in  crews i n  use o f  the  hardware and software. 

Figure 3 shows a suqgested s c h e d ~ ~ l e  o f  these a c t i v i t i e s .  

The i n i t i a l  CVT runs are o r i en ted  t o  developing the ex ten t  o f  auto- 

mat ion des i red i n  the l a b  and the crew's interface w i t h  t he  l a b  f o r  auto- 

mated and manual equipment. Duri ng 3 976, console con f igura t ions  woul d be 

developed f o r  the SPA equipment and a l so  i n t e r f a c ~  requirements t o  the 

ccmmon-support equipment would be defined. Resul ts should be a v a i l a b l e  

i n  t ime f o r  the  Paylcad C r i t i c a l  Design Reviews i n  mid-197i. 

S t a r t i n g  i n  1977, a ser ies  of  simulated-mission, one-week runs would 

be i n s t i t u t e d  t o  de f ine  the ro l es  o f  the experiment' operatar, the  common- 
support equipment operator  and t he  Shu t t l e  Pay1 oad Special i s t .  I n  1978, 

r e f i  nemerA o f  the formats f o r  downl i nk ,  record ins and on-orbi  t d i sp lay  

would occur. Real - t ime downl i nk formats : i f necessarv , can be def ined hv ? l  ac ing 
a P I  i n  a room ou ts ide  C V T y  connected t o  CVT on l y  by a voice, TV and data 

l i n k .  Several runs should serve t o  e s t a b l i s h  the k ind  of data needed by 

the P I  t o  guide the f l i g h t  crew i n  the performance of the ex~e r imen t .  

Downlinked and recorded data formats f o r  use a f t e r  the f l i g h t  can a l so  

be developed dur ing  the 1978 runs. I n  1979, the e f f e c t s  o f  f a i l u r e s  can 

be analyzed and a l i h r a r y  o f  a l t e r n a t e  missions can be created; thus, 

by the end o f  1979, an a b i l i t y  t o  w r i t e  the ground software and the f l i g h t  

software t o  support the missions w i l l  be ve r i f i ed .  
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Congruent wifh previous a c t i v i t i e s  and CVT, by 1980, t r a i n i n g  o f  

f l i g h t  crevrs end development o f  r,,ission-speci f i c  f l i g h t  p! ans would be- 

g i n  i n  support o f  f l i g h t :  t h a t  could s t a r t  i n  mid CY '81. 
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5. RECOMMENMD FUTURE WORK 

The design described i n  t h i s  repor t  i s  a f i r s t  attempt to  develop 

an IMS f o r  the S~ace  Processing Payloads. The next steps are t o  def ine 

the requ i rments  more precisely,  then design a l t e rna t i ve  systems to meet 

those requirements and determine the physical propert ies and cost of  each 

a1 ternat ive.  The f i na l  stage w i :  1 consis t  c f  the se lec t ion  of  the "best 

a1 te rna t ive  and de ta i l zd  d e f i n i t i o n  so t h a t  spec i f i ca t ions  may be w r i t t e n  

f o r  i t s  components. 

Specif ical  l y  , the recomndet! steps to  fo l low are 1 i s t e d  below: 

1. Requi r e w n t  d e f i n i t i o n .  Simulated experiments should be 
p e r f o m d  i n  C V T  to def ine the exoected operat ional usage 
by the crew o f  the payload equipment. Questions such as 
the f c l l ow ing  should be answered. 

a. Formats needed f o r  the on-board displays, real - t ime 
downl ink, pos t - f l  i gbt downl ink,  recorder and caut ion- 
and-warni ny. 

5 .  Experiment contro is  needed and amount o f  actomation 
desired. 

s. Need f o r  m ic ro f i lm  v iewer - -ho~ many and where. 

d .  Need for  paper tape reader and p r i n t e r .  

e. Extent o f  reprograming required i n - f i  i q h t  -- 
by ! ~ ~ : i n k  c r  the crew. 

f. On-board and groucd datz-processing a1 gor i  thms 
3es i red. 

2. Continued design o f  a1 ternate systems , using varying amcunts 

o f  Spacelab-furnisbeb, common-support equipment versus payload autono- 

mous items. The weight, Dower consumption, and cost o f  each a l -  
ternate system should be calculated i n  mcre d c t a i l .  

3 .  Improvement o f  software budgets and t iming estimates - determine 

the p r ~ p e r t i e s  o f  the desired f l i g h t  computer; decide whether an externa? 

input-output u n i t  i s  needed o r  i f  the ~ p d  i t s e l f  can contro l  the 10 t ! *af f ic .  

4 .  Subsystem design decisions scch as co lo r  versus black-and-white 



TV, cost o f  graphic displays on the CRTs and the need for 'nternal 

diagnostics i n  experiments. 

5 .  Feas ib i l i t y  of uc,ing comnercially avai l  able IMS equipment i n  

the Spacelab - anticipated modifications to meet the environment per- 

formance and interface requirements and the attendent costs. 

6. Cost benefits o f  min;computers - extent t o  which a minicomputer 

must be modi f i e d  t o  meet the Spacelab I0 and environment; comparison wi th  

the cost of usi  t.g the Space1 ab-furni shed computers and o f  using dedicated 

aerospace cmputers. These costs must include software and t e s t  equipment. 

7. Evoluate the data t ransfer  ra te  w i th in  the vehicle - determine 

the  me+,hod o f  transmission, ervur protect ion and mu1 t ip lexer  design. 

8. Define more exactly the a b i l i t y  o f  the IMS to checkout a.,d 

prepare the experiments p r i o r  t o  f l i g h t .  Define the expected specfa1 

t es t  equipmnt needed to supplement the 1%. 

9. Determine the schedule f o r  design and procurement of the 'MS 

hardware and software - the schedule should be compatible wi tn  f l i g h t  

dkces, Spacelab del iver ies and the CVT. (W:len m s t  t h e s ~  cm i tmen ts  

be made?) 

System requirements should be transmitted t c  the Spacelab manu- 

facturer before the POI? i n  February 1975 and subsystem requirements 

shaul d Pe transmi t t ed  before mid-1 976. 




