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SECTION I 
MISSION 

A. M I S S I O N  OBJECTIVE 

The purpose o f  the Radio Astronomy Explorer-B (RAE-0) s a t e l l i t e  i s  t o  make 
comprehensive studies o f  low frequency rad io  emissions from i t s  planned c i  r c u l a r  
o r b i t  682 s ta tu te  miles above the moon. These  lo^-frequency radio emissions are 
from f i v e  prime areas o f  i n te res t ,  namely the sun, the moon, the planets and o ther  
ga lac t i c  and ex t raga lac t ic  sources. RAE-B i s  intended to provide a map o f  our 
galaxy by rad io  frequencies below those o f  ionospheric cu to f f .  

The RAE-B program i s  p a r t  o f  the U.S. Explorer ser ies of s c i e n t i f i c  sa te l -  
l i t e s ,  d i rec ted  by NASA's Of f i ce  o f  Space Science, Washington, D.C. The Gcddard 
Space F l i g h t  Center, Greenbelt, Md. , i s  responsible f o r  RAE-B p ro jec t  management, 
design and construct ion o f  the sate1 1 i te. 

RAE-B, the second o f  the Radio Astronomy Explorer s a t e l l i t e s ,  w i l l  be launch- 
ed by a Delta vehicle, model 1913, designated Delta-95. 

B.  LAUNCH VEHICLE AND SPACECRAFT DESCRIPTION 

1. Launch Vehicle. Del ta-95, Model DSV-3P-fl research vehic le ( f i g u r e  
1 - l ) ,  i s  the t h i r d  o f  the new upgraded Delta Stra ight-Eight  vehicles. I t  consists 
o f  a DSV-3P-1 extended long tank f i r s t  stage .with an MB-3 englne, augmented by 
nine low-drag Czstor I 1  s o l i d  motors; a DSV-3P-5 second stage w i t h i n  an e igh t  
f o o t  m i n i - s k i r t  adapter; and a TE-364-3 t h i r d  stage. The prime contractor  fo r  
the launch vehic le i s  the McDonnell Douglas Astronautics Company (MDAC) . P e r t i -  
nent vehic le data are presented i n  tab le  1-1. 

2 .  S acecraft .  The RAE-B s a t e l l i t e  ( f igure 1-2) i s  a cy l  inder-shaped 
i s t ruc tu re  i n c  es i n  diameter and 31 inches i n  height.  The s a t e l l i t e  contains 

. i 
3-7- 

subsystems fo r :  telemetry transmission and recording, range and range-rate t rack-  
! 1 i n g  , command, power, programing, antennas, a t t i t u d e  and contro l  , and experiment 

inst runentat ion.  I t  has four  f i xed  so la r  panels canted 26.5 degrees which w i l l  
provide an average power of 38.5 watts t o  a nickel-cadmium ba t te ry  w i t h  a capacity 
o f  s i  x-ampere hours. 

. , i  

I n  terms o f  physical dimensions, the s a t e l l i t e  w i l l  be the l a rges t  man- 
{ made ob jec t  t o  o r b i t  the moon w i t h  i t s  deployed antennas measuring 1500 fee t  t i p -  

f t o - t i p .  These antennas, as we l l  as the 630 foot damper boom and the 120 foo t  

t d ipo le  antenna, are stored f l a t  on motor-driven reels.  They are preformed and 
when deployed on ground command they c u r l  t o  form rSgi d tubes one-ha1 f inch i n  
diameter. The antenna mater ia l  i s  perforated w i th  small holes t o  equal ize energy 

. absorption and provide a more uniform temperature d i s t r i b u t i o n  and minimize therm- 
a l  benaing. The rad io  signal sensing range o f  the antennas i s  between 0.02 MHz 
and 20 MHz. 

ji - A lunar  i n s e r t i o n  motor (LIM) i s  attached t o  the upper-end o f  the sa te i -  
l i t e  s t ruc ture  and i s  f i r e d  t o  slow the spacecraft and a l low i t  t o  be captured by 

fl the lunar  g rav i ty .  After burnout, the motor i s  e jected by ground command. A 
B veloc i  ty cont ro l  propulsion subsystem (VCPS) i s  u t i  1 i zed  t o  provide veloc i  t y  
il! 



SPACLCRAFT FA1 RING 

M I N I S K I R T  STRUCTURE ASSY 

+- I NTERSTAGE ADAPTER 

-FUEL TANK 

- CENTER BODY SECTION 

S O L I D  MOTOR 

.-ENGINE AND ACCESSORIES 
SECTION 

M A I N  ENGINE 

Figure 1-1. Del ta-95 L a u n c h  Vehicle 

1-2 



cor rec t ions  ~ f t c r  ?ayload separat ion f r o n ~  the t h i  r d  stage. Thc V C P S  i s  p d c A a , ~ e d  
on the transtagc between the spacecraf t  and t h i r d  staqc adapter  dntl i s  j c ~ t t i s o n t ~ d  
a f t e r  i t  has perfonlied i t s  funct ions.  

An a t t i t u d e  c o n t r o l  systern (ACS) i s  used t o  r i ~a i n ta i n  proper* sa t e l  1 i t e  
a t t i t u d e  by precessing the s a t e l l i t e  and by perfornl ing spinup and despin maneu- 
vers. Two separate bu t  i d e n t i c a l  endless-loop tape recorders are onboard and 
prov ide a t o t a l  record ing  capac i t y  o f  225 minutes w i t h  a playback t ime o f  45 min- 
utes. Fur ther  p e r t i n e n t  spacecraf t  data are presented i n  t ab l e  1-2. 

I tem 

Length ( f e e t )  

Diameter ( inches ) 

Engf ne type 

Engine manufacturer 

Designat ion 

Number o f  engi nes 

Speci f i c impulse 

Thrust  ( oundsl 
eng i ne 9 

Burn t ime (seconds) 

Propel 1 an t  

Fuel 

Ox id ize r  

Ni t rogen gas ( p s i  g ) 

He1 ium gas (ps ig )  

Ser i  a1 number 

Table 1-1. Del ta-95 Vehic le  Data 

Boosters 

19.7 

31 

Sol i d  

Th i  O ~ O ?  

TX 354- 5 

9 

237.6 . 

52,150 

39 

TP-H7036 

--- 
--- 
--- 
--- 
361, 369 
365, 376 
366, 377 
367, 378 
368 

- 
Stage I 

73.8 

96 

L i q u i d  

Rocket- 
dyne 

MB3- I I I 

1 (t2VEs) 

252.4 

170 ,CjOO 
81 (2  VE 
8 1,000 
ea 

265 

--- 
RJ-1 

Lox 

3,100 

1,150 

20002 

Stage I 1  

17.5 

54 W/96 
adapter 

L i q u i d  

Aero j e  t 

AJ 10- l l 8 F  

1 

306.3 

9,606 

342 

--- 

A50 

N2O4 

4,000 

4,350 

20004 

Stage I 1 1  

4.5 

3 7 

Sol i d  

Thi okol  

TE-364-3 

1 

291.0 

9,480 avg. 
10,320 max . 

43.1 

TF-ti-3062 

- -- 
- - - 
--- 
- - - 
00024 
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Table 1-2. RAE-B Spacecraft Dats 

Weight (pounds) a t  l i f t o f f  

Weight (pounds) i n  lunar o r b i t  

Height, body (inches) 

Diameter (inches) 

E l e c t r i c a l  power (watts) 

L i f e  expectancy (years ) 

730 

442 

3 1 

36 

38.5 (maximum) 

1 

! ; 
i C. MISSION PLAN 

f 
, t 1. Launch Constraints . 

P a. Launch Window. The actual time o f  the launch windows from June 
9 t h r u  June 12, 1973, are l i s t e d  i n  table 1-3. 

Table 1-3. Launch Windows 

* 

b. Launch Vehicle. A l l  vehic le i n - l i n e  subsystems must be opev2tjon- 
a1 a t  launch as requi red by the operations parameters i n  the countdown manual. 
Since a1 1 primary t e s t  object ives are associated w i t h  the spacecraft, there are 
no vehic le mandatory requirements on telemetry; however, i f  a telemetry channel 
carry ing c r i t i c a l  in format ion becomes inoperat ive during countdown, i t  i s  s u f f i -  
c i e n t  cause for  a hold t o  review the ef fects ut) vehic le readiness and performance. 

', 
C c. A1 lowable Wind Conditions. The maximum a1 lowable wind ve loc i t y  

which the vehic le i n  any conf igurat ion can sa fe ly  withstand when i t  i s  erected 
on the pad w i t h  gantry around i t  i s  64 knots. The maximum wind velocf t y  which - the vehic le can safe ly  withstand when i t  i s  erected and w i t h  gantry removed i s  
43 knots. 

June 10 

June 11 

June 12 

Closes ( Z )  

1418 :OO 

Opens (;I) 

1318:OO 

3 .  

i 
, b 

1 

1413:OO 

1448 : 00 

1509 : 00 

Date 

June 9 

1513 :00 

1518 :00 

1539 :00 



The Go/No-Go decision for upper wind conditions i s  ba-?a on a 
computer program a t  MDAC Huntington Beach and is a combination of w i n d  shear, 
velocity , and di rection factors. 

2. Flight Plan. The RAE-0 spacecraft will be launched from Cc14.;lex 17, 
Pad B ,  Cape ~ennedyTir  Force Station ( W A F S ) ,  Florida, no earlier than June 9 ,  
1973. The ad azimuth will be 115 degrees and the vehicle will roll t o  81 de- 
grees short  ! y a f te r  l i f t o f f  placlng the spin stabilized spacecraft  In a lunar  
transfer trajectory. Detai 1s of spacecraft a t t i  tude corrections i n  transfer 
orbi t ,  lunar insertion motor firing, and lunar orbit adjustments are included 
in figure 1-3. Lunar orbit  parameters are l isted i n  table 1-4. 

Table 1-4. RAE-B Lunar Orbit Parameters 

The nominal sequence of events from l i f to f f  through yo weight release 
are presented in table 1-5. Times are in seconds af te r  l i f tof f  (T+seconds); 
those events which occur a f te r  Main Engine Cutoff (MECO) and Second Stage Engine 
Cutoff (SECO) are also referenced as Mtseconds and Sl+seconds. 

Circular orbit 

Inclination 

Anomal is  t i  c period 
i 

D. POST LAUNCH OPERATIOW 

582 statute  miles 

59.90 

226 minutes 

Following insertion into the transfer orbi t ,  the spacecraft wi 11 be con- 
trol 1 ed from the Spacecraft Control Center a t  GSFC . Two mi dcourse correct i ons 
are planned during the transfer orbit. The LIM wi 11 be fired approximately 100 
to 120 hours a f te r  launch. The LIM will be jettisoned follcwing this burn.  
Fol l ~ i  ng additional spacecraft a t t i  t u d n  and orbit  corrections, the VCPS wi 11 
also be jettisoned. Experiments will tlren be turned on and antennas deployed. 



Table 1-5. Sequence o f  F l i g h t  Events* 

Event 

P i tch  & yaw vern ier  engi1'- 
lockout 

So l id  motors (4, 5, 6, 7 ,  
8, 9 )  i g n i t i o n  

L i f t o f f  

Begin f i r s t  r o l l  program 

End f i r s t  r o l l  program 

Begin f i r s :  p i t c h  r a t e  

End f i r s t  p i t c h  r a t e  

degin second p i t c h  r a t e  

End second p i t c h  r a t e  

Begin th ' rd p i t c h  ra te  

End t h i r d  p i t c h  r a t e  

Begin four th  p i t c h  ra te  

Gain change - p i tch ,  yaw, 
r o l l  

So l id  motor burnout (4 ,  5, 
6,  7, 8, 9 :  

Sol id  motors (1, 2, 3) 
i g n i t i o n  

End four th  p i t c h  r a t e  

Begin f i f t h  p i t c h  r a t e  

End f i f t h  p i t c h  r a t e  

Begin s i x t h  p i t c h  r a t e  

End s i x t h  p i tch r a t e  

Begin seventh p i t c h  ra te  



Table 1-5. Sequence o f  F l i g h t  Events (Cont'd) 

Min :Sec 

S o l i j  motor (1, 2, 3) burnout 

So l id  moaors (1 thru  9)  
separaci on smmand 

Lox acc purge 

Gain change - r o l l  

End seventh p i t c h  r a ~ e  

Begin e ighth p i t c h  ra te  

Gain change - pf tch, yaw 

S t a r t  guidance 

Feedback - gain change 
p i tch,  yaw 

Gain change - p i tch ,  yaw 

Enable MECO 

Switch t o  ve loc i t y  only 
s teer ing 

Stop computi ng gui dance 
s teer ing  correct ions 

End e ighth p i t c h  ra te  

MECO 

VE enable 

Stage I I hydraul i c pump 
on (back-up) 

Arm stage I1 

F i l t e r  gain change - p i t c h  
and yaw 



Table 1-5. Sequence o f  F l i g h t  Events (Cont ' d )  

Min:Sec I Event 1 
1 

Pressur i  r e  tanks 

Close tank p ressur iza t ion  
val  ve 

Remove tank p ressur iza t ion  
d i sc re te  

VECO 

Stage 1/11 separat ion 

Remove SECO d i sc re te  

Remove stage I disc re tes  

F i  1 t e r  ga in  change - p i t ch ,  
yaw, r o l l  

Remove separat ion d isc re tes  

Press u r i  ze tanks 

S t a r t  stage 11 engine 

F i  1  t e r  ga in  change - 
p i t ch ,  yaw 

Roll gas j e t  coarse mode 

S t a r t  steady burn 

Remove tank p ressur iza t ion  

Begin n i n t h  p i t c h  rate 



Table 1-5. Sequence o f  F l i g h t  Events (Cont'd) 

Min :Sec Event 
-- 

End n in th  p i t c h  r a t e  

Begin tenth p i t c h  r a t e  

Fai r i n g  unl atch 

Fa i r i ng  separation 

Remove ~ a i  r i n g  separation 
d iscre te  

S t a r t  guiaanre 

Gain change - p i tch ,  yaw 

Veloc i ty  only  s teer ing 

Stop guS dance correct ions 

Stop guidance 

SECO No. 1 

End ten th  p i t c h  r a t e  

I n i t i a t e  TPS check 

Turn o f f  hydraul ic  pump 

Pitchlyaw gas j e t  f i n e  
contro l  

Begin eleventh p i t c h  r a t e  



Table 1-5. Sequence o f  F l i g h t  Events (Cont'd) 

Yin :Sec 
II_- 

10:31.6 

10:32.6 

11:40.0 

12:40.0 

13:20.0 

13:22.8 

1 3 ~ 2 9 . 8  

13:56.8 

l 3 : V .  1 

1 3 5 7 . 8  

13:58.8 

14:26.2 

14:27.2 

Event 

Enable CDR o f f  

CDI? o f f  

End eleventh p i t c h  r a t e  

Begin f i r s t  coast guidance 

End f i r s t  coast guidance 

I n i t i a t e  u l lage j e t s  

Turn on hydraul i c pump 

Stage I1 engine r e s t a r t  

F i  1 t e r  gain change - 
p i tch ,  yaw 

Engine steady burn 

U l l  age j e t s  o f f  

I n i t i a t e  stage I1 r e s t a r t  
guidance 

Reactivate TPS l o g i c  

Stop guidance steer ing c o r r  

Stop stage I1 r e s t a r t  
guidance 



Table 1-5. Sequence o f  F l i g h t  Events (Cont'd) 

Min :Sec Event 

SECO No. 2 

F i l t e r  gain change - 
p i tch ,  yaw 

P i tch  and yaw j e t  t o  
f i n e  cont ro l  

Hydraulic pump o f f  

S t a r t  guidance No. 2 

Stop guidance No. 2 

F i r e  spin rockets 

S t a r t  stage 111 i g n i t i o n  TD 

S ta r t  stage I11 t imer  

F i r e  stage I11 wire c u t t e r  

Remove spin rocket  d isc re te  

Blow stage III/II separation 
bo l t s  

F i r e  re t ros  

Stage 111 i g n i t i o n  

Stage I11 burnout 

Pay1 oad separation 

Re1 ease yo weight 

*Times l i s t e d  are fo r  launch June 9, 1973. A l l  times a f t e r  Coast 
Guidance No. 1 change as fo l lows : Day 2 - subtract  15 seconds 

Day 3 - add 35 seconds 
Day 4 - add 133 seconds 
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SECTION I 1  
LAUNCH OPERATIONS PLAN 

A. OPERATIONAL AREAS 

1. Corn l e x  17. A l l  launch and pad operations during f i na l  countdown are 
conducted h o c k h o u s e  rom a t  Complex 17 by the MDAC Test Conductor. Count- 
down readiness and status o f  the booster and spacecraft stages are the responsi- 
b i  1 i ty o f  the appropriate contractor  t e s t  conductors. Overall management of 
launch operat ion i s  the responsib i l  i ty o f  the Unmanned Launch Operations (ULO) 
Directorate.  The ULO Test Cont ro l le r  funct ions as the o f f i  c ia1 contact between 
t e s t  personnel and the ETR. The ULO Spacecraft Operations Engineer i n  the 
blockhouse coordinates spacecraft a c t i v i t i e s  and repor ts  spacecraft s tatus t o  
the t e s t  conductor. 

2. Bu i ld ing  S/Building AE. The spacecraft checkout area i s  located i n  
Bu i ld ing  S ,  bu t  the remaining operat ional areas are located i n  Bu i ld ing  AE. 
spacecraft checkout a c t i v i t i e s  i n  Bu i ld ing  S are connected by data c i r c u i t s  and 
voice c m u n i c a t i o n s  t o  the M u l t i s a t  Control Center a t  GSFC and the MDL # -  Bu i ld-  
i n g  AE. The mission operat ional areas consis t  o f  the Mission D i rec to r ' s  Center 
(MDC), inc lud ing  an observation area located behind the MDC f o r  observing o v e r a l l  
mission progress, and the Launch Vehicle Telemetry Ground Stat ion. Figure 2-1 
shows the l oca t i on  o f  the launch and operat ional areas. 

The launch operations and overa l l  mission a c t i v i t i e s  are monitored by 
th? Mission D i rec to r  i n  the MDC ( f i gu re  2-2) where he i s  informed of launch ve- 
h i c l e ,  spacecraft, and t rack ing  network f l i g h t  readiness. From the in format ion 
presented, the Mission D i rec tor  w i l l  determine whether o r  not the mission w i l l  
be attempted. Appropriate prelaunch and rea l  t ime lsunch data are displayed t o  
provide a presentat ion o f  vehic le launch and f l i g h t  progress. The MDC a lso  
funct ions as an operat ional communications center during launch operations . 

The f r o n t  o f  the MDC consists o f  la rge  i l luminated displays inc lud ing  
a l i s t  o f  t rack ing s ta t ions ,  Range s ta t ions  i n  use, p l o t t i n g  boards, and a se- 
quence o f  events a f t e r  1 i f t o f f .  

Three p l o t t i n g  boards are located a t  the center o f  the d isp la  s and 
are used t o  show present pos i t ion ,  Instantaneous Impact Predic t ion ( I I P  3 p lo ts  
and doppler information. These displays, when p l o t t e d  w i t h  the theore t ica l  
p lots ,  g ive an ove ra l l  representat ion o f  the launch performance. 

The fo l low ing in format ion w i l l  be displayed i n  the MDC dur ing RAE-B 
i. ~ n c h  operations: 

b, ETR t e s t  number 

c. Greenwich Mean Time (GMT) and Eastern Day1 i gh t  Time (EDT) 
synclxoni zed t o  WWY 



Figure 2-1. Launch and Operational Areas 





Time remaining i n  launch window 

Predi cted li f t o f f  t ime 

Bui 1 t - i n  hold time 

Countdown progress 

Range readiness 

Countdown task summary 

Spacecraft s ta t ions  readiness 

Impact predi c t i  on 

Doppler 

Launch azimuth 

Post 1 i f t o f  f vehi c l  e events 

Present pos i ti on 

The ULO Launch Vehicle Telemetry Ground Stat ion (Bui ld ing AE) receives, 
m n i  to rs ,  and records launch vehic le telemetry s ignals during prelaunch checkout 
t o  a s s i s t  i n  determining vehic le launch readiness. A f t e r  1 i f t o f f  , real  t ime anal- 
ys i s  of telemetry data w i l l  be used t o  determine vehic le performance f o r  d isp lay 
i n  the MDC. 

3. Spacecraft Tracking Sta t ion  (STS). The STS w i l l  provide prelaunch 
spacecraft checkout support, cons is t ins  o f  frequency and power measurements, as 
requested by the spacecraft-checkout team. I n  'addi t ion,  launch vehi c l  e telem- 
e t r y  s ignals w i  11 be remoted from the STS t o  Bu i ld ing  AE, and spacecraft  telem- 
e t r y  s ignals w i l l  be remoted from STS t o  Bu i ld ing  S i n  realt ime. 

B. DATA ACQUISITION 

Telemetry, op t i ca l ,  and radar data w i l l  be suppl ied by a ccaposite o f  ETR, 
GSFC, and WC stat ions.  The support requirements o f  various s ta t ions  are des- 
cr ibed i n  the fo l low ing paragraphs; the geographical l oca t i on  ~i the various 
s ta t ions  are presented i n  f i g u r e  2-4. 

1, Vehicle Telemetry. 

a. Uprange Telemetry. During the prelaunch operations, the checkout 
data w i l l  be received, recorded, and displayed i n  real t ime a t  both the Complex 17 
s ta t i on ,  operated by MDAC, and the Bu i ld ing  AE s ta t ion ,  operated by KSC/ULO. The 
Bu i ld ing  A€ s t a t i o n  w i l l  d lsp lay  a l l  channels telemetered and the Complex 17 sta-  
t i o n  w i l l  d lsp lay  as many measurements as recorders permi t. System engineers w i l l  

* .  



t 

observe the data a t  b o t h  s i tes  to determine fl ight readiness of the vehicle. 
Both  stations w i  11 display the realtime data post-test for f l ight  evaluation 
prior to the post-f1 ight critique. The Building AE Computer System ( D M )  will 
process a l l  vehicle data a n d  will display processed DIGS da ta  on CRT displays 
in Building A€ and a t  Complex 17. 

Data will be received a t  both s i tes  through their  respective 
local antennas until just  prior to l i f t o f f ,  with switches a f te r  l i f to f f  to 
other stations made as required to optimize the coverage. STS and CIF  will 

. - provide early launch phase data to Building A E .  Building AE wi 11 send the best 
of AE, CIF, or STS data to Complex 17. Complex 17 wi 11 therefore have the best 
data available. One hundred percent coverage i s  anticipated through the switch . 

ti 
t o  Antigua d a t a  a t  about T+450 seconds. 

b. Downrange Telemetry (STDN) . 
t ;  
3 ; (1) MILA/USB, Bermuda, and Canary Islands stations wiil remote 
t :  selected data to GSFC for GSFC displays. This data will also be routed to Build- 
P '  
t r 

ing A €  for display and retransmission t o  Complex 17. See tables 2-1 through 2-6. 

> .  , : 

& :  
Table 2-1. Merritt Island USB .: -.P t o  GSFC Retransmissions 

'. 

. 

' ; 
1 
i 

I 
' : . , 

i 
i . , 
t 
1. 

,. 1 
i . 

VCO 

1 

2 

3 

4 

5 

5 

I )  

8 

Vehi cl e C"nne1 

2- E-20 

1- E-35 

2- E-27 

2- E-23 

1-11 

2-9 

2-A 

Data 

Control Battery Vol tage 

Event Group 5 

Nitrogen Regulator Pressure 

Hydraul i c  Sys tem Fressure 

Main Engine Chamber Pressure 

Stage 2 Engine Chamber Pressure 

Thrust Axis Acceleration 

Time (SCDT) 

1 



Table 2-2. Benuda t o  GSFC/AE Retransmission (Group I) 

VCO 1 /!,I I Function 

2G4 

2E9 

2E27 

3- 18 

2E23 

2 E l l  

2- A 

Timing 

-- 

P i tch  A t t i t ude  Error  

Pi tch Posi t ion 

N2 Regulator Pressure 

Thrust Accelerat ion 

Hydraul i c Pressure 

IMU Temperature 

T r i  ax Accel e r a t i  on 

Table 2-3. Bermuda t o  GSFC/AE Retransmissions (Group 11) 

TIM I Function I 
Chamber Pressure 

Yaw A t t i t ude  Error  

Yaw Pos i t ion  

Rol l  A t t i t ude  Er ror  

He Regulator Pressure 

Control Bat tery Vol tage 

Engine Bat tery Vol tage 

(2)  Antigua (ETR s t a t i o n  9.1) i s  a prime downrange s t a t i o n  for I 

ear ly  launch even though the look angles show a very low elevat ion. A composi t e  
o f  stage I1 and 111 data (see tab le  2-4)  w i l l  be r e m ~ t e d  t o  the Cape v ia  the a/o 
subcable c i r c u i t s .  The PCM w i l l  be on the higher frequency subcable c i r c u i t  re-  
modulated on an IBM data modem. This data w i l l  be demodulated a t  Tel-4 and sent 



t o  Bui ld ing AE for display and re lay t o  Complex 17. The other channels w i l l  be 
d i r e c t l y  placed on the lower frequency 2irc;li t. This data w i l l  be sent t o  Bu i ld -  
ing AE and Complex 17 f o r  real t ime f l i g h t  analysis and t o  Tel-4 f o r  the Range 
safety display. Antigua should be the best data source f o r  SECO. 

Table 2-4. Antigua Retransmission 

Transmi t Sys tem 

IBM Modem 

VCO 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

Vehicle VCO Data I 
Hiqh Freq Subcable 

2-6 

Low Freq Subcable 

2- E 

- 
"- 

P i t ch  Control Signal 

Note: 2 ind icates l i n k  2241.5 MHz 
3 indicates l i n k  2250.5 MHz 

PCM 

POM 

Pi t ch  Accelerat ion 

Yaw Accelerat ian 

Bat tery Monitor 

Engine Chamber Pressure 

Thrust Accelerat ion 

Engine Chamber Pressure 

Rol l  Jets ,- 

P i tch  Jets 

Yaw Jets 

Yaw Control Signal 

(3) See tables 2-5 and 2-6 f o r  Canary Islands STDN s i t e  
rea l  t ime data. 



Table 2-5. Canary Islands, STDN, Realtime Data (Group I )  

Function VCO 

Pi tch Attitude Error 

Chamber Pressure 

N2 Regulator Pressure 

Roll Attitude Error 

Hydraulic Pressure 

IMU Temperature 

Triax Acceleration 

TIM 

Table 2-6. Canary Islands, STDN, Real time Data (Group 11) 

VCO 

3-15 

3- 18 

3-17 

3-16 

2-6 

266 

2E20 

Timing 

Function 

Chamber Pressure 

Thrust Acceleration 

Yaw Acceleration 

Pitch Acceleration 

Spin Rate 

Yaw Attitude Error 

Control Battery Voltage 

( 4 )  An ARIA a i r c r a f t  wi 11 provide p r i ~ e  coverage of the second 
burn o f  stage 11, spinup, separation, ignition and burnout of stage 111, and 
spacecraft sewration.  An ARIA w i t h  realtime retransmission capabil i t ies has 
be?n requesied, and va l t ime  data should be received a t  Building AE from the 
a i r c r a f t .  The ARIA retransmission format is  presented i n  table 2-7. 



Table 2-7. ARIA Retransmission Fotmat 
F 

VCO 

2. Spacecraft Telemetry. 

Function 

Yaw Acc, l lerat ion I 
Thrust Accelerat ion I 
Chamber Pressure 

Control Bat tery C x r e n t  

Yav '?ts/Spin Rate I 
P: :. + ,Jets/Eng S t  Eus I 
Rol 8 ~ e t s  I 
Chamber Pressure I 
Yaw Control Signal 

P i tch  Control Signal 

The spacecraft w i l l  be rad ia t i ng  l i n k  400.95 MHz during the launch 
phase. The STS and the CIF w i l l  be prov id ing receive, record, and retransmissicn 
services dur ing the ea r l y  launch phase. STDN s ta t ions  w i l l  provide the remainder ! 
of the launch phase spacecraft  data. 

3. Trackin . ETR radars w i l l  t rack through SECO No. 1 and w i l l  provide 
---a= Range safety an o r b i t a l  parameters based on t h i s  data. Radars 0.18, 1.16, 19.18, 

and 3.18 may be used f o r  t h i s  purpose. I n  addi t ion,  STDN radars w i l l  be used t o  
provide f i n a l  stage I1  o r b i t a l  parameters. 

The only  t rack ing  o f  the f i n a l  o r b i t  a f t e r  stage 111 burn w i  11 be 
through use o f  the STDN s ta t ions  using the spacecraft 136 MHz btttd rirnge and 
range ra te  signals, Accurate f i n a l  o r b i t s  from GSFC should be ava i l ab le  w i t h i n  
a few hours o f  launch. 

.- 
STS w i l l  Doppler t rack  the spacecraft  s ignal through T+450 seconds and 

the r e s u l t i n g  data w i l l  be remoted t o  the MDC and GSFC f o r  d isp lay  i n  r e a l  time. 

4. Miscellaneous Other Support. 

a. STS w i l l  send the coundown t o  GSFC on the D i g i t a l  Doppler System. 

b. Stage '111 channel assignments are presented i n  tab le  2-8. 



c .  Bu i l d i ng  A E w i l l  remotemark events toGSFC using aVCOis (1 s e t  
o f  I R I G  1-8). (See t ab le  2-9. ) 

d. The f4ILA USB s i t e  w i l l  t r ack  the veh ic le  and x;11 supply data 
tapes i f  requested. 

b 

VCO 

1 

? 

3 

4 

5 

6 

7 

8 

-2-10 

e. A b lock diagram o f  the  o v e r a l l  data f l ow .is presented f i g u r e  
2-3. Table 2-10 presents the wide band mu1 ti p lexe r  assignments associated w i t h  
t h l s  f i gu re .  

- 
Table 2-8. Stage I 1 1  Channel Ass ignme~ts  

Table 2-9. B u i l d i n g  AE t o  GSFC Real t ime Relay 

r 
VCO 

14 

15 

16 

17 

18 

19 

Vehic le  Channel 

In fo rmat i  on 

Ba t t e r y  Mon i to r  

Engi ne Chamber Pressure 

P i t c h  Radi?' Acce le ra t ion  

Yaw Radial Accel t ; ,a t ion  

Thrust  Acce le ra t ion  

Acoust ic Microphone 

Data I 
R o l l  A t t i  tude E r r o r  

P i t c h  A t t i t u d e  , E r r o r  

Yaw A t t i t u d e  E r r o r  

F a i r i n g  Sep, e tc .  

Chamber Pressure 

Thrust  Acce le ra t ion  

Chamber Pressure 

Time ( IPPS EMR B-1) 



Table 2-10. Wide Band Mu1 t i p l e x e r  Assignments 

1 MUX No. 1 - Complex 17 to Building AE 

1 2244.5 MHz Video 

2 Spare 

3 2241.5 MHz Video 

4 POI  D i rect  

5 Vets 

MUX No. 2 - Building A €  t o  Complex 17 

1 CIF 2244.5 MH?/Canary Island STDN No. 1 

2 CIF 2241.5 MHzjCanary Is land STDN No. 2 

3 Antigua Lo 

4 Antigua H i  (PCM) 

5 Spare 

MUX No. 3 - STS t o  Building AE 

1 2244.5 MHz Video 

2 2241.5 MHz Video 

3 2250.5 MHz Video 

4 400.95 MHz Video 

5 Spare 

MUX No. 4 - CIF t o  Building AE 

1 2244.5 MHz Video 

2 2241.5 MHz Video 

3 2250.5 MHz Video 

4 400.95 MHz Video 

5 Spare 
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5. Optics. Thi r ty-one engineering sequenti a1 cameras w i  11 provide cover- 
age from T-4 minutes t o  T+312 seconds. The Melbourne Beach long range t rack ing  
camera w i l l  t rack from acqu is i t i on  t o  loss o f  v is ion  (LOV). Seven t rack ing engi- 
neering sequenti a1 cameras w i  11 provf de photographic coverage from l i f t o f f  t o  
LOV. Twenty-four documentary cameras are assigned t o  the mission. 

C. METEOROLOGICAL PLAN 

Cape Kennedy Forecast Faci 1 i t y  (CKFF) w i  11 provi  de Weather Warning (WW) ser- 
vices from the t ims the booster i s  erected on the pad u n t i l  launch. WW n o t i f i -  
cations w i l l  be issued when surface winds are forecast t o  exceed 34 knots and/or 
e l e c t r i c a l  storm a c t i v i t y  i s  expected w i t h i n  5 naut ica l  mi les o f  Complex 17. F-5 
Day forecasts o f  general surface and upper a i r  condit ions w i l l  be made ava i lab le  
t o  the Test Requirements and Scheduling Or f ice  (TS-NTS-1) upon request. An upper 
winds forecast t o  60,000 f e e t  i n  1,000-foot increments w i l l  be provided on F-2 
Day. This forecast  w i  11 inc lude predic t ions o f  cloud cover, ce i  1 i n g  , v i s i  b i  1 i t y  , 
surface winds, p rec ip i t a t i on ,  and temperature. On F-1 Day, a forecast conta in ing 
the same elements as on F-2 Day w i l l  be made. A t  T-10 hours, the F-1 Day fore- 
cast w i l l  be confirmed o r  modif ied and t h i s  w i l l  again be done a t  T-4 hours. I n  
addi t ion,  the Assis tant  S t a f f  Meteorologist  w i l l  be ava i lab le  a t  the CKFF from 
T-4 h o m  u n t i l  t e s t  terminat ion. 

The minimum c r i t e r i a  allowed by the Range Safety O f f i c e r  f o r  launch i s  zero 
f e e t  a l t i t u d e  and zero f e e t  v i s i b i l i t y  based on the two of three radars capable 
o f  auto beacon t rack.  DIGS telemetry impact p red io t ion  could provide an a l t e rna te  
source. The a l t i t u d e  increases t o  1,600 fee t  f o r  t rans fe r  from op t i ca l  t rack ing  
t o  auto-skin t rack ( f o r  1.16 and 19.18) using the beam in tercept  mode when the 
Del t a  C-band Deacon beccmes inoperat ive. The s p e c i f i c ' s  o f  surh a1 t e r n a t i  ves 
would be evaluated i n  the l a t t e r  stages o f  the countdown. Upper a i r  l im i ta t i ons ,  
wind shears, and wind speeds w i l l  be determined by computer evaluat ion a t  MDAC 
Santa Monica from the l a t e s t  observations avai lable. 





SECTION 111 
COMMUNICATIONS 

A. GENERAL 

The operat ional comnunications f a c i l i t i e s  which w i l l  be ava ~ a t ~ e  f o r  sup- 
p o r t  o f  the RAE-B launch are described i n  t h i s  sect ion. These f a c i l i t i e s  w i l l  
be ava i l ab le  f o r  prelaunch checkout and ea r l y  p o s t - f l i g h t  intercommunications. 
The ULO MDC located i n  Bu i ld ing  AE i s  the p r i n c i p a l  center o f  communications f o r  
launch a c t i v i t i e s .  

B. MISSION DIRECTOR'S CEYTER COMMUNICATIONS 

for~soles i n  tne MDC ( f : ~ u r e  2-2) provide the Mission D i rec tor  and assigned 
MDC personnel w i t h  a1 1 the communications systems required t o  monitor and p a r t i c -  
i p a t e  i n  veh ic le  and mission progress. The cu;runbnications ; d c i l  i t i e s  provide the 
means f o r  communicating w i t h  Cape s ta t ions  (Rl~ckhouse 17, STS, and E;nge Control 
Center), downrange s ta t ions ,  NASA Headquarters, GSFC, and other  NASA centers, and 
the worldwide t rack ing  stat ions.  

1. Black Telephones. The telephones used i n  t h i s  system are special  d i a l  
telephones i n s  t a l l  ed i n  the consoles. The black telephones enable MDC personnel 
t o  place o r  receive l oca l  and long distance c a l l s .  Each i nd i v idua l  assigned t o  
a console may 1 i s t e n  t o  o r  p a r t i c i p a t e  i n  more than one c a l l  i f  required. 

2. Green Telephones. The ETR green phone system u t i l i z e s  i nd i v idua l  phones 
on key panels w i t h  a l i m i t e d  number o f  users. I t  provides rapid,  d i r e c t  communi- 
cat ions between a l l  s i t e s  p a r t i c i p a t i n g  i n  the launch operation. The system has 
standby ba t te r i es  and cannot be incapacitated by commercial power f a i  1 w e .  

3. Operational Intercomnunication System (01s). The O I S  i s  a Range i n t e r -  
com system which operates on a channel -se lec t  basis ra ther  than on an i nd i v idua l  
s ta t i on - to -s ta t i on 'bas i s .  A l l  end instruments i n  the same working area are  con- 
nected i n  p a r a l l e l .  Access t o  i nd i v idua l  channels may be 1 i m i  ted t o  c e r t a i n  op- 
erators.  When an operator se lects a channel and t a l k s  , a l l  o ther  operators who 
have prev iously  selected the same channel w i l l  hear him, conversely, he w i l l  hear 
a l l  o ther  operators t a l k i n g  on the same channel. 

During iaunches, var ious operations are assigned a s p e c i f i c  O I S  channel. 
Because o f  t h i s  assignment system and the 1 i m i  ted number of channels ava i l ab le  a t  
some o f  the o u t l y i n g  s ta t ions ,  i t i s  mandatory t h a t  on ly  assig;~ed channels be 
used. A f t e r  veh ic le  l i f t o f f ,  f l i g h t  performance w i l l  be summarized i n  realt i rne 
on OIS Channel 2. A1 1 personnel may switch t o  channel 2 on a 1 i s t e n  on ly  basis. 

4. Operations Conducted on 01s. The operations t o  be conducted on OIS 
channels dur ing the RAE-B launch are l i s t e d  i n  t a b l e  3-1. 



Tab1 e 3-1. O I S  Prelaunch Operations Channel Assignments 

Complex 17 
Channels 

Complex 17 
Channel T i t l e  

Test Conductor 

Chatter 1 

Paging 

Chatter 2 

General Test 

F i r s t  Stage 

Second Stage 

Tower Removal 

Digs A1 ignment 

Spare-1 

AE TLM 

Spacecraft- 1 

Spacecraf t -2  

Eyeball 

SRO 

NASA TC 

NASA Pro jec t  

Spare02 

Spacecraf t - 3  

NASA Chatter 

Operations 

Countdown, inc lud ing  terminal count 

Post l i f t o f f  o ra l  account o f  f l i g h t  
events 

Doppler Coordination 

Ordnance and .RF systems des t ruc t  
checks 

AE TLM post 1 i f t o f f  o ra l  account 
o f  f l i g h t  events 

Spacecraft checks 

Post l i f t o f f ,  Pro jec t  O f f i c e r  
t o  MDC 

Pro jec t  O f f i c i a l  's use 

.- 



5 .  S ecial Circuits.  The following special c i rcu i t s  will be u t i l i zed  as  
designated + ~n t a  e 

Tab1 e 3-2. Speci a1 Circuits 

From 

MDC 

Bl dgs 
AE and S 

Bl dg 
AE-TLM 

MDC 

MDC 

Bldg S 

Bl dgs 
S and AE 

GSFC 

GSFC 

GSFC 

GSFC 

GSFC 

GSF C 

GSFC 

Name 

Mission Director 

Spacecraft 
Operator 

Launch Vehicle 

Mission Sc ien t i s t  

Launch Status 

202 Data 

203 Data 

~- - -- 

Use 

Spacecraft Data 
. Coordi nation 

Ds1 ta Project Use 

Experimenter 
Coordination 

Fl i g h t  Commentary 

Spacecraft Crt 
Displays 

Spacecraft Telemetry 



SECTION I V  
TEST OPERATIONS 

A. GENERAL 

P r i o r  t o  F-3 Day, s i g n i f i c a n t  spacecraft  and vehic le m i  1  estones are accorn- 
pl  ished pre l  lmlnary t o  f l n a l  prelaunch opcratlons. These events" arc presented 
i n  tables 4-1 and 4-2. 

Table 4-1. Spacecraft Prelaunch Milestones 

Event 

Spacecraft ETR a r r i v a l  

Spacecraft bu i  ldup and 
checkout 

Spacecraft moved t o  
ESF-60A 

Spacecraft mated t o  
t h i r d  stage 

Mated t o  launch veh ic le  

Location 

Bu i ld ing  S 

Bu i ld ing  S 

ESFi60A 

ESF-60A 

Complex 178 

Table 4-2. Vehicle Pre l  aunch M i  1  es tones 
- - 

Event 

Stage I ETR a r r i v a l  

In terstage ETR a r r i v a l  

Stage I 1  ETR a r r i v a l  

Stage 111 a r r i v a l  

Stage I erec t ion  

Interstage erec t ion  

Stage I 1  e rec t ion  

Simulated F l i g h t  Test 

- - 

Location 
- - - - - - - 

Hangar M 

Hangar M 

Hangar M 

t TR 

Complex 178 

Complex 178 

Complex 178 

Complex 178 

Date 

- -- 

Date 



0. F-3 Day 

The milestone a c t i v i t i e s  accomplished dur ing F-3 day are 1 i s t e d  i n  tab le  4-3. 

Table 4-3, F-3 Day Milestone Countdown 

C. F-2 Day 

Event 

Spacecraft f i n a l  preps 

Fa i r i ng  i n s t a l l a t i o n  preps 

Fa i r i ng  i n s t a l l a t i o n  

Stage I I propel 1 an t  serv ic ing  preps 

shimning 

i n s t a l l a t i o n  

i l a t i o n  

Strongback rer,ovaT and 

So l id  motor i n i t i a t o r  

Fa i r i ng  ordnance r nsta 
and hookup 

So l id  motor ordnznce hookup .- 

The milestone a c t i v i t i e s  accomplished dur ing F-2 day are l i s t e d  i n  t ab le  4-4. 

Table 4-4. F-2 Day Milestone Countdown 

Oxidizer and.fue1 prope l lan t  c h i l l i n g  

F ina l  propel 1 an t  se rv i c ing  preps 

Time 
(EDTI 

I 0830 1 Stage I1 prope l lan t  se rv i c ing  I 

Event 

I 1400 1 Stage I1 prope l lan t  serv ic ing  securing I 
Stage . I  f ue l  preps 

i D 



Table 4-4, F-2 Day Milestone Countdown (Cont'd) 

Event 

Stage I fueling . 
Stage I leak check and securing 

Stage I engine preps 

Propel 1 ant and pneumatic watch 

The milestone act ivi t ies  accomplished during F-1 day are 1 isted in table 4-5. 

Table 4-5. F-1 Day Milestone Countdown 

Event 
- - - - - - - - - - - - 

Telemetry and IMll on and warmup 

Guidance and Range Safety Test 

0715 Stage 11 turn on 

0845 Azimuth determination .. 

0930 Communications check 

0940 Guidance system te s t  

1033 Securing 

Fold unused platforms 

Spacecraft ordnance armi n j  

Class A ordnance hookup 

Final spacecraft preps 

Final preps 

Gantry removal preps 



E. F-0 Day 

The milestone a c t i v i t i e s  accomplished during F-0 day are l i s t e d  i n  t ab le  4-6. 

Table 4-6. F-0 Day Milestone Countdown 

Count 
(mi n) Event 

Pressurize stage I 1  ox id i ze r  tank 

LN2 storage tank ?i 11 

Sol i d  motor S/V checks 

LC€ warrnup 

Remove MST 

Lanyard connect 

So l id  motor s ing le  po in t  arming 

Terminal countdown 

F . TERMINAL COUNTDOWN 

The terminal countdown s t a r t s  a t  T-140 minutes and includes two b u i l d - i n  
holds t o t a l i n g  96 minutes. The f i r s t  ho ld  (60 minutes) occurs a t  T-60 minutes, 
the second ho ld  (30 minutes) occurs a t  T-7 minutes. A f t e r  completion of the 
second ho ld  the countdown picks up a t  T-7 minutes and continues t h r u  1 i f t o f f .  

The mi 1 estone a c t i  v i  t i e s  accompl ished du r i  ng the terminal countdown are 
l i s t e d  i n  t ab le  4-7. 

Table 4-7. Terminal Countdown 

I I I Guidance system turn-on 

Count 
(min) 

I 

T- 140 

I I beacon checks 

Time 
( EDTI 

0528 

Event 

S t a r t  terminal caunt 



Count 
( m i  n 

Table 4-7. Terminal Countdown (Cont ' d )  

Event 

Pad securing 

B u i l t - i n  hold (60 minutes) 

Warning horn 

Rol! c a l l  

A i r  Condit ioning adjust  

B u i l t - i n  hold ends 

I n i t i a t e  terminal count 

TC B r i e f i n g  

Status check 

Pressurize veh ic le  b o t t l e s  

F i r s t  stage l ox  loading 

Final  beacon checks 

C-Band beacon i nterroga t i o n  

Auto slews 

CDR's on (both stages) 

Pad Safety launch enable 

Range ready on 

B u i l t - i n  hold (30 minutes) 

b~ , I  t - i n  ho ld  ends 

Stage I I1 telemetry external  '- 

Stage I fue l  tank pressurized 

Stage 111 i g n i t i o n  S&A received 



rerml na I Loun taown (cont 'a 

Event 

Stage I telemetry i n te rna l  

Stage I E-package in te rna l  

Stage I sol  i d  motor power i n te rna l  

Pressurize stage I Lox tank 

Stage I 1  hydraul ics on external 

A1 1 stage I I  systems on i n te rna l  

SRO c lea r  t o  1 aunch 

Spacecraft f i n a l  repo r t  

Eng recorders t o  high speed 

Final  toppi ng repor t  

Arm i g n i t e r s  

Enable eligine cont ro l  

Open so lo  vent v a l v e  

Engine s t a r t  

L i f t o f f  


