
General Disclaimer 

One or more of the Following Statements may affect this Document 

This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

This document is paginated as submitted by the original source. 

Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

Produced by the NASA Scientific and Technical Information Program 



N&$A T E C H N I C A L  
M E M O R A N D U M  

NASA TM X-73481 

(NASA-TU-I-73481) TITANflENTAUR D1TTC-3 N76-28259 
VIKING B F L I G H T  DATA REPORT (NASA) 1 5 3  p HC 
$6 .75  CSCL 22D 

Unclas 
G3/1S 4'937 

TiTANlCENTAUR D-1T TC-3 ViK I NG B FLIGHT DATA REPORT 

by Staff 
Lewis Research Center 
Cleveland, Ohio 
July 1976 



4 Title md Subtrtl~ 5 Report &te 

TITAN/CENTAUR D-IT TC-3 VIKING B FLIGHT DATA REPOR 

. - 

- - -- 

7. Author(~) 8 Performing Orcpntmtron R-t N o  

Staff 

10. Work Unit No. 
9. Pdamrng Orpn~zatlon N I N  JIKI A d d ~ e s  

1. Report No. 

NASA T M  X-73481 

Lewis Research Center 
National Aeronautics and Space Administntion 

2 Government Accmsron No 3 Rec~pimt's Gtelog N o  

I 1 I .  CMtrI* o. Gnnt No. 

16. Abstrdct 

Titan/Centaur TC-3 was launched from the Eastern Test Range, Complex 41, a t  02:34 PM EDT 
on Tuesday, September 9, 1975. This was the third operational flight of the newest NASA un- 
mawed launch vehicle. The spacecraft was the Viking B, the second of two orbiting and Lon- 
missione to Mars planned for the 1975 Martian launch opportunity. The objective of the launch 
phase of the d s s i o n ,  to inject the Viking apacecra: onto the planned transfer orbit to m a ,  
was successfully accomplished. This report presents a review of the launch vehicle system 
flight data. 

Cleveland, Ohio 44 i35 

12. Sponsoring Agency NJIW nl A ~ ~ S  

National Aeronautics and Space Administration 
Washington, D. C. 20546 

- 
I 7  Kev Words (Suggested b 1 

Launch vehicles Unclassified - unlimited 
Flight data 
Viking B-Mms mission 

- 
13. T y p  of Report md R r i  ('avned 

Technical Memorandum 
14. Sponsoring Aprncy Code 

- - -- 

' For sale by the Nallonal Techn~cal Inforn;at~on Servce. Springfield. V ~ r g m a  22161 

-. I - 

h4S~-C-168 (Rev 10-75) 

19. Security aruil. (of this report) 

Unclas~ified I Unclassified 
20. Security ~lasdf.  (of this -1 21. NO. of P~QOS 22. Rice* 



TC-3 FLIGHT DATA REPORT 

VIKING B 

Con ten t  s 

I SUMMARY 
Page 

2 

II INTRODUCTION 

Launch Phase o f  the Vik ing Mission 
Viking Mission 3bject ives 

I I I SPACE VEH l CLE DESCRl PTl ON 

V i king Spacecraft 
Launch Vehicle Configurat ion 

T i tan  Ill€ 
Centaur 0- 1 T 
Centaur Standard Shroud 

I V  TRAJECTORY AND PERFORMANCE SUMMARY 

V VEHICLE DYNAMICS 

V I  SOFTWARE PERFORMANCE 

A i r borne 
Comrdter Cantrol !ed Launch Set 

V I I  TITAN I l l E  SYSTEMS ANALYSIS 

Mechanical Systems 

Airframe Structures 
T i tan  Stage 0 Propulsion System 
T i  tan Stage I and Stage I I Propulsion Systems 
Hydraulic Systems 

F l i g h t  Controls and Sequencing System 
E lec t r i ca l /E lec t ron ic  Systems 

Sol i d  Rocket Motor E l e c t r i c a l  System 
T i tan  Core E l e c t r i c a l  System 
Instrumentation and Telemetry System 
F l i g h t  Termination System 



V l l l  CENTAUR D- 

Mechanical 

Airframe 

1T SYSTEMS ANALYSIS 

Sys tems 

Structures 
Main Propulslon 
Hydraul i c  System 
Pneuma t i cs 
Propel lant  Feed and React ion Control Systems 
Env i ronmenta 1 Control and Thenodynam ics 

Electr ical /Electronic Systems 

Elect r ica l  Power System 
D ig i t a l  Computer Unit 
I ne r t i a l  Measurement Group 
Fl ight Control System 
Propel lant  U t  i 1 i zat ion/Propel l an t  Loading System 
Instrumentation and Telemetry System 
Tracking and Range Safety System 

I X  CENTAUR STANDARD SHROUD (cSS) 

Lif tof1' / In-f  1 ight  Function= 
Ascent Vent System 

X TITAN/CENTAUR GROUND SYSTEMS 

Page 

7 4 



I SUMMARY 



I SUMMARY 

by R. P. Geye 

Titan/Centaur TC-3 was launched from the Eastern Test Range, Complex 41 ,  a t  
02:34 PM, EDT, on Tuesday, September 9, 1975. This was thz t h i r d  operat ional 
f l i g h t  of  the newest NASA unmanned launch vehicle. The spacecraft was the 
Vik ing A, the second o f  two o r b i t i n g  and landing missions t o  Mars planned f o r  
the 1975 Martian launch opportunity.  

The ob jec t i ve  o f  the launch phase o f  the mission, t o  i n j e c t  the Vik ing space- 
c r a f t  onto the planned t rans fer  o r b i t  t o  Mars, was successfu l ly  accomplished. 
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I 1  INTRODUCTION 

by R. P. Geye 

The V i k i ng  Miss ion t o  Mars i s  one o f  NASA's p r i n c i p a l  p l ane ta r y  e f f o r t s  of 
t h i s  decade. Two V ik ing  spacecraf t  were launched from the  AFETR Launch 
Complex 41, Cape Canaveral, F l o r i da ,  du r ing  t h e  1975 Mars oppo r t un i t y  and 
w i l l  a r r i v e  a t  t he  p lane t  i n  mid-1976. Each spacecraf t  w i l l  be placed i n t o  
o r b i t  around t he  p lane t  and t he  landers w i l l  subsequently be separated for  
e n t r y  i n t o  the Mars atmosphere and a s o f t  land ing on the  sur face  o f  the  
p lane t .  

The f l i g h t  p l an  co accomplish the V i k i ng  Mission cons is ts  o f  f i v e  major 
phases o f  operat ion:  launch, c ru ise ,  o r b i t a l ,  e n t r y  and landed. The T i t a n  
I l l E  and Centaur D-IT, together w i t h  the Centaur Standard Shroud (cSS), i s  
t ' i e  launch v e h i c l e  developed t o  meet the V i k i ng  launch phase requi  rements. 

Launch Phase o f  t he  V i k i ng  Mission 

The 1975 Mars launch oppo r t un i t y  extended from August 11 through 0:tober 13. 
The launch windows opened as e a r l y  as about 1400 GMT (10:00 EDT) m d  c losed 
as l a t e  as about 2230 GMT (18:30 EDT). The e a r l  i e s t  windows occurred towards 
the end o f  the  oppo r t un i t y  and the l a t e s t  windows occurred near the beginning. 
On any one launch day, the window was about one hour long. The launch azimuth 
sec to r  used f o r  the  miss ion was 96" from 108Ow i th  t r a j e c t o r i e s  yawing from 
108O southward t o  an equ iva len t  azimuth o f  115" dur ing  the l a t t e r  p a r t  o f  some 
d a i l y  windows. Parking o r b i t  coast t imes var ied  from about 11 minutes t o  about 
28 minutes. Coast t ime was longest a t  d a i l y  window opening and shor tes t  a t  
c los ing .  

The launch phase o f  the V ik ing  B miss ion was accomplished on September 9. 

The f i n a l  p r o f i l e  f o r  T i t a n  Stage 0 phase of  f l i g h t  cons is ted b a s i c a l l y  o f  a  
shor t  v e r t i c a l  r i s e  w i t h  r o l l  t o  the  requi red fl ighc azimuth, fo l lowed by an 
i n  i t i a  1 p i  tch/yaw maneuver and subsequent near zero t o t a l  ang le-of -a t tack.  
The requi red s teer ing ,  r e f e r r e d  t o  as wind biased s teer ing ,  was determined on 
launch day and implemented by the Centaur DCU i n  an open loop mode. Propel-  
l a n t  dep le t i on  o f  the  Stage 0 engines ac t i va ted  the  T i t a n  Step 0 s tag ing  t imer  
(1.59 decreasing a x i a l  acce le ra t ion )  which i n i t i a t e d  T i t a n  Stage I engine 
s t a r t ,  heat s h i e l d  jett ison,'Stage I i g n i t i o n  and T i t a n  Step 0 j e t t i s o n .  

Dur ing T i t a n  Stages I and I I  phases of  f l i g h t ,  the f l i g h t  p r o f i l e  was p r i m a r i l y  
determined by the  s tee r i ng  requ i red  t o  achieve a 90 n.mi. pa rk ing  o r b i t  a t  the 
end o f  the  f i r s t  Centaur burn. The requi red s tee r i ng  was implemented by cov- 
b i n i ng  4ncremental p i t c h  and yaw ra tes ,  der ived from the  Centaur guidance 
s t e e r i ~ ~ g  vector ,  w i t h  a  r a t e  versus t ime p i t c h  program tha t  was s tored i n  
Titar". T i t a n  Step I j e t t i s o d s t a g e  I I i g n i t i o n  was i n i t i a t e d  by Stage I pro- 
pe l  l a n t  dep le t ion .  The Centaur Standard Shroud was j e t t i s o n e d  10 seconds 



a f t e r  Stage I shutdown, as sehsed by the Centaur DCU. T i t a n  Stage I I  a lso  
burned t o  propel lant  deplet ion which then i n i t i a t e d  T i tan  Step 2 j e t t i s o n ,  
Centaur ch i  1 ldown and C e ~ t a l ~ r  Main Engine Star t .  

The Centaur fir;; burn phase was o f  r e l a t i v e l y  shor t  durat ion and terminated 
a t  i n j e c t i o n  i n t o  the 90 n.ni. c i r c u l a r  parking o r b i t .  The 53 n.mi. o r b i t  
i s  standard f o r  parking o r b i t  ascent missions. Steering comands were pro- 
vided by the Centaur DCU based an the guidance steer ing vector.  Main engine 
c u t o f f  was comnded  by guidance when the desired o r b i t  was achieved. Con- 
t inuous Centaur propel lant  s e t t l i n g  was maintained dur ing the parking o r b i t  
coast phase. Durin5 o f  the coast phase the veh ic le  was al igned along 
the i n e r t i a l  v e l o c i t y  vector. P r i o r  t o  the second burn the vah ic le  was 
a1 igned t o  the proper a t t i t u d e  fo r  the burn. The second Centaur burn was 
terminated by guidance when i n j e c t i o n  condit ions s a t i s f i e d  the Vik ing mis- 
sion requirements. 

Spacecraft separation occurred by Centaur DCU comtnand 220 seconds a f t e r  
Centaur Main Engjne Cutof f  (MECO-2) . Centaur then executed a reor ien ta t ion  
and retromaneuver t o  s a t i s f y  planetary quarantine constra ints .  

V ik ing Mission Objectives 

The goal o f  the NASA Vik ing program i s  t o  learn more about the planet Mars 
by d i r e c t  measurements i n  i t s  atmosphere and on i t s  surface. Addi t ional  
s c i e n t i f i c  data w i l l  be acquired from the Orbi ter  which w i l l  c i r c l e  Mars i n  
a synchronous orb! t  above the Lander a f t e r  the l a t t e r  has descended t o  the 
surface. On both the Orb i te r  and the Lander the primary emphasis w i  1 l be on 
b io log i ca l ,  chemical and environmental aspects o f  Mars which are relevant t o  
the existence o f  l i f e .  

The Vik ing s c i e n t i f i c  experiments are  divided i n t o  four groups: Orb i te r ,  
entry,  Lander and radio. The Lander ca r r i es  by far  the most instruments. 
It i s ,  i n  f ac t ,  a min iature automated laboratory. The ent ry  experiments in-  
volve instruments mounted on a p ro tec t i ve  she l l  surrounding the Lander during 
i t s  high-veloci  t y  en t r y  i n t o  the Martian atmosphere. The ent ry  experiments 
w i l l  obviously be b r i e f  but w i l l  g ive us a unique opportuni ty  t o  analyze the 
cherac ter is t i cs  of the Har t ian  atmosphere from top t o  bottom. Af te r  the 
Lander i s  detached, the Orb i te r  plays mainly a supporting ro le ,  although i t  
may, fo r  selected periods of time, break i t s  radio t i e s  w i th  the Lander and 
commence independent s c i e n t i f i c  experiments. The s c i e n t i f i c  goals and the 
s p e c i i i c  instruments associated w i t h  the four groups of experiments are 
l i s t e d  i n  Table 2-1. 



TABLE 2- 1 - V l Kl NG SC l ENT l F l  C GOALS AND l NSTRUMENTS 

Experiment I l n ves t i ga t  ions 
S c i e n t i f i c  Goals ( Instruments) 

1 
Orb i t e r  Perform reconna i ssance t o  ve t  i f y  V isua l  imaging (2 t e l e v i s i o n  

o r  search f o r  land ing s i t e s  cameras) 
Monitor land ing s i t e s  Atmospheric water mapping ( i n -  
Obtain data from o ther  areas o f  f r a red  spectrometer) 

the  p lane t  Surface temperature mapping ( i n -  
Search f o r  f u t u r e  land ing s i t e s  f rared radiometer)  

------ 
Ent ry  Determine composi t ion and s t r uc -  Ions and e lec t rons  ( r e t a r d i n g  

t u r a l  p r o f i l e  o f  the  ionos- p o t e n t i a l  ana lyzer)  
phere and atmosphere Neutral  gases !nass spectrometer) 

Pressure 2nd temperature (pres- 
sure, acse le ra t  ion,  and tempera- 

- t u r e  sensors) 
I 

~ a n d e r  Visual l y  examine the land ing Visua l  imaging (2  cameras) 
s i t e  

f o r  evidence o f  1 i f e  D i r e c t  b i o l ogy  (3 metabol i s m a n d  
1 growth de tec to rs )  

f o r  and study organic  corn- I Molecuiar ana lys is  (gas chromato- -4 
atmobpher i c graph mass sp&trom&er) 

and i t s  v a r i a t i o n s  
i c  compounds Mineral  ana lys is  (x- ray spectrorn- 

e t e r )  
Determine temporal v a r i a t i o n s  o f  Meteorology (pressure, tempera- 

pressure, temperature and wind tu re ,  and wind sensors) 
v e l o c i t y  

Determine se i  smo:og i c a l  charac- Seismolog.{ (3 a x i s  seismometer) 
t e r i s t i c s  -- --- 

Determine magnetic p rope r t i es  o f  Magnetic p rope r t i es  G a g n e t  
surface a r rays  and magnifying m i r r o r )  -- --- - 

Determine phys ica l  p rope r t i es  o f  Physical  prop'ert i es  

Radio Conduct s c i e n t i f i c  i n ves t i ga t i on  Radioscience (Orb i te r  and Lander 
us ing the r a d i o  and radar sys- rad i o  equipment) 
terns 
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I l l  SPACE VEHICLE DESCRIPTION 

V ik ing  Spacecraft 

by R. P. Geye 

The V ik ing  spacecraf t  cons i s t s  o f  two main elements, the o r b i t e r  and the 
lander, shown i n  the c r u i s e  con f i gu ra t i on  i n  F i ~ u r e  3-1. I n  t h i s  con f igu ra -  
t i o n  the o r b i t e r  i s  s t r u c t u r a l l y  at tached t o  the lander through the  t r u s s  
members o f  the  V ik ing  lander capsule adapter. 

O rb i t e r :  The o r b i t e r  bus i s  an unequal-sided octagon s t r uc td re .  The neces- 
sary e l e c t r o n i c s  and o ther  subsystems a re  mounted i n  16 bays. Louvers a r e .  
at tached t o  the bays on the  sides of t h e  bus t o  a i d  i n  thermal c o n t r o l  o f  
subsystem e lec t r on i cs .  

The p ropu ls ion  subsystem, which cons is ts  o f  two p rope l l an t  tanks, pressurant 
tank, engine support s t ruc tu re ,  and a f i xed  t h r u s t  two-axis-gimbaled rocket  
engine, i s  at tached t o  the octagonal bus i n  a  modular fashion. Hel ium preG- 
sure i s used t o  feed the  s to rab le  propel  l an t s ,  n i t r ogen  t e t r o x i d e  and hy 
z ine, t o  t he  rocket  engine. 

The e n t i r e  p ropu ls ion  module i s  enclosed i n  a  mu l t ! - l ayer  i nsu la t i on  b l  G L  

fo r  thermal c o n t r o l .  Four so l a r  energy c o n t r o l l e r s  a re  used t o  r egu la te   he 
quan t i t y  o f  so l a r  energy r e f l e c t e d  i n t o  the  p ropu ls ion  module through pcnet ra-  
t i o n s  i n  the thermal b lanket .  

Four so la r  panels a re  mounted t o  the  bus by means o f  ou t r i gge rs  i n  a  f z n - l i k e  
a r ray  on the coord inate axes. Each panel i j  composed o f  tom i d e n t i c a l  sub- 
panel s. 

Two b a t t e r i e s  a re  used t o  augment the  so la r  a r r a y  when t he  power demand exceeds 
i t s  capabi l i t y ,  and t o  serve as a  secondary power source dur ing  o f f - sun  opera-  
t i ons .  The power system prov ldzs 2.4 KHz single-phase, 400 Hz t h ree  phase, 
regula ted dc, and unregulated dc power. 

A t t i t u d e  con t ro l  j e t s  fo r  p i t c h ,  r o l l  and yaw co inc iden t  w i t h  t he  coordinatol-  
axes are mounted a t  the outboard edge o f  each of  t he  so la r  panels. 

Ce les t i a l  sensors, comprised of  a  Canopus sensor, c r u i s e  sun sensors, sun gate,  
and a s t r a y  l i g h t  sensor a re  mounted t o  the  appropr ia te  s ides o f  the bus. Ac- 
q u i s i t i o n  sun sensors a re  mounted on the so la r  panel t i p s .  

O rb i t e r  communication requirements a re  s a t i s f i e d  by low and h i gh  ga in  antennas 
and a r e l a y  antenna. The low ga in  antenna i s  used t o  prov ide command coverage 
i n  any r o l l  a t t i t u d e  throughout the n i s s i o n  w h i l e  i n  a  sun-acquired a t t i t u d e ,  
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and a l s o  t o  t ransmi t  S-Band s igna ls  dur ing  the c ru i se  phase. The h i gh  ga in  
antenna i s  used f o r  t r a n s m i t t i n g  and rece i v i ng  S-Band s igna ls  and t ransmi t -  
t i n g  X-Band s igna ls  dur ing  o r b i t a l  operat ions and the l a t t e r  po r t i ons  o f  t he  
c ru i se  phase. The r e l a y  antenna i s  used f o r  r ece i v i ng  UHF s igna ls  from the  
lander. 

Lander: The basic elements o f  the lander capsu<e a re  the b i c s h i e l d  cap and 
base, the base cover and parachute system, the aeroshe l l  and the  lander.  

The b i osh ie l d  serves t o  prevent recontaminat ion o f  the  s te r i . ' i zed  lander w i t h  
Ear th  organi  sns by complete1 y encapsulat ing the lander d u r i  ng and a f t e r  s t e r -  
i l i z a t i c n  which i s  accomplished p r i o r  t o  launch. Ti?a cap i s  j e t t i s o n e d  soon 
a f t e r  the  spacecraf t  leaves Earth o r b i t  and the  base i s  j e t t i s o n e d  i n  Mars 
o r b i t  a f t e r  descent ca?sule separat ion.  

The base cove- permits c o n t r o l l e d  pressure e q u i l i z a t i o n  dur ing  launch and 
en t r y  ohases by means o f  a vent system. It i s  i n t e g r a l  : ~ i t h  the  mor tar  sup- 
p o r t  s,ructure which conta ins t he  parachute sv5:em. The mortar i s  used for 
parachute deployment. The parachute i s  a d i s k  gap band con f i gu ra t i on  used 
t o  s l o ~  the lander capsule dur ing  descent t o  the Mar t ian surface. 

The aeroshel l /heatsh ie ld  i s  an aluminum-r ing-st i f fened 140-degree con ica l  
she1 l s t ruc tu re ,  w i t h  a cover ing o f  a l ightweight  a b l a t o r  ma te r i a l .  i t  pro- 
v ides a su i t ab l e  shape f o r  e n t r y  and p ro tec t s  the lander from aerodynamic 
beat ing and other  elements o f  the en t r y  environment. 

Figure 3-2 shows the lander i n  the landed csn f igu ra t ion .  The lander body i s  
a hexagonally shaped s t r u c t u r e  which provides a mounting base f o r  t he  science 
and o ther  operat iona l  subsystems. I t  i s  fab r i ca ted  p r ima r i  l y from a:uminum 
and t i t a n i u w  s t r u c t u r a l  a l l o ys ,  and i s  insu la ted  so as t o  p rov ide  environmental 
p ro tec t i on  t o  the science and suppor t ing subsystems contained there in .  

The lander body i s  supported by th ree  land ing leg  assemblies. Each l e g  con- 
s i s t s  o f  a main z t r u t  assembly and an A-frame assembly t o  which i s  a t tached a 
footpad. The landing gear s t a b i l i z i n g  s t r a t s  a re  at tached t o  t he  bottom co r -  
ners o f  the  lander body by load l im i t e r s .  Sonded crushable aluminum honeycomb 
i s  used i n  the main s t r u t  f o r  load a r tenua i ion  a t  landing. 

Three terminal  descent engines a re  at tached t o  the  lander sidebeam 120 degrees 
apar t .  Thes2 engines a re  the main element o f  t he  termina l  descent p ropu ls ion  
subsystem ldhich provides r o l l  con t ro l ,  a t t i t u d e  con t ro l  and a reduc t ion  i n  
ve l oc i t ;  t o  the lander a f t e r  parachute separat ion.  A unique 18-nozzle con f i g -  
u ra t  :on i s  used on each engine t o  m in i n i ze  soi l eros ion  dur ing  lander tor~ch-  
dowv . 
A reac t ion  con t ro l / deo rb i t  p r o p u l s i o ~ ~  subsystem, u t i l i z i n g  small mono-propellant 
hydrazine t h rus te r s  c l us te red  i n  four  modules mounted near the  edge o f  the aero- 
s h e l l ,  provides deo rb i t  t h r ~ s t  and reac t i on  c o n t r o l  f o r  lander o r i e n t a t i o n  and 
r a t e  damping dur ing  the l i f t i n g  en t r y  phase. 
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The lander can transmit data both d i r e c t l y  t o  Earth, using an S-Band comnunica- 
t ions  system, o r  by way o f  the o rb i te r ,  using a UHF re lay  system. 

The power f o r  the lander i s  provided by two SNAP 19-style Radioisotope Thermo- 
e l e c t r i c  Generators (RTG's) . Lander power requirements i n  excess o f  57 watts . . 
are suppl ied by rechargeable bat ter ies.  - 
The lander has a terminal descent landing radar which i s  located d i r e c t l y  be- 
neath the lander. It cansists o f  four separate CW radars operat ing a t  approxi- 
mately 13 GHz. 

The lander has a radar a l t imeter  which i s  a s z l i d  s ta te  pulse radar tha t  employs 
two special dcs!gn antennas. One antenna i s  mounted through the aeroshel l  fo r  
high a l t i t u d e  measurements and the other antenna i s  mounted on the lander f o r  
measurements a f t e r  aeroshel 1 separation. 

The lander has a telemetry subsystem which serves t o  c o l l e c t  and cont ro l  the 
f low o f  s c i e n t i f i c  and engineering data. It consists of the Data Acquis i t ion 
and Processor Uni t  (DAPU), a tape recorder, and a data storage memory. 

The Guidance Control and Sequencing Computer (GCSC) i s  a general purpose d i g i t a l  
computer which provides for  the f l i g h t  contro l  system computations and the con- 
t r o l  and sequencing of the lander components and sc ic ,~ce instruments. The com- 
puter software may be changed or  updated through the Ea .h-to-lander communica- 
t i o n  system. b 



Launch Vehicle Configuration 

by R. P. Geye 

The launch vehicle f o r  Viking B was the four-stage Ti tan IIIE/Centaur D-IT 
configuration. This was the t h i r d  operational fl ight  o f  t h i s  combinat Ton 
o f  stages. 

The overal l  vehicle configurat ion i s  shown i n  Figure 3-3. The Ti tan vehicle 
consists o f  a two-stage l i q u i d  propulsion core vehicle manufactured by the 
Martin Marietta Corporation and two sol i d  rocket motors (Stage 0) manufactured 
by United Technology Center. The Ti tan vehicle integrator i s  Martin Marietta 
Corporation. The upper stage i s  the Centaur D-IT manufactured by General 
Dynamics Convair Division. 

The payload fa i r ing  for i h i s  configuration i s  the Centaur Standard Shroud 
(CSS) manufactured by Lockheed Missi les and Space Company, Inc. Figure 3-4 
sbows the CentaurlCSSIViking spacecraft general arrangement. 

The fol lowing sections o f  the report give a summary descript ion o f  the vehicle 
stage and CSS configurations. Detailed subsystem descriptions can be found 
i n  the F l igh t  Data Report f o r  Ti tadcentaur TC-I Proof F l igh t  (NASA TM X-71692). 
Only configurat ion differences from TC-; and/or TC-2 w i l l  be addressed i n  t h i s  
report. 
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T i tan  l l lE  

The T i tadcen tau r  booster, designated T i tan  I I  IE, was developed from the 
fami ly  o f  T i tan  I  I1 vehicles i n  use by the A i r  Force since 1964. The 
T i tan  l i lE  i s  a modif ied version o f  the  T i tan  I I ID. Modi f icat ions were 
made t o  the T i tan  t o  accept s teer ing comands and d iscretes from the Cen- 
taur i n e r t i a l  guidance system instead o f  a rad io  guidance system. I n  ad- 
d i t i o n ,  a redundant programmer system was added. The T i tan  l l lE  consis ts  
o f  two s o l i d  rocket motors designated Stage 0 and the T i tan  I l l  core vehi-  
c l e  Stages I  and 1 1 .  

The two Sol i d  Rocket Motors (SRM's) provide a th rus t  o f  2.4 m i l l  ion pounds 
a t  1 i f t o f f .  These motors, b u i l t  by United Technology Center, use propel-  
lan ts  which are  bas i ca l l y  aluminum and ammonium perchlorate i n  a synthet ic  
rubber binder. F l i g h t  cont ro l  during the Stage 0 phase o f  f l i g h t  i s  pro- 
vided by a Thrust Vector Control (TVC) system i n  response t o  comands from 
the T i tan  f l i g h t  cont ro l  computer. Nitrogen te t rox ide  in jec ted  i n t o  the 
SRM nozzle through TVC valves de f l ec t s  the th rus t  vector t o  provide cont ro l .  
Pressu, ;zed tanks attached t o  each sol i d  rocket motor supply the th rus t  
vector cont ro l  f l u i d .  E l e c t r i c a l  systems on each SRM provide power fo r  the 
TVC system. 

T i tan  core Stages I  and I  I  are bui 1 t by the Mart i n  har i e t t a  Corpo a t  ion. 
The Stages I and I  I  propel l a n t  tanks are  constructed o f  welded a1 umi~um 
panels and domes whi le interconnect ing s k i r t s  use conventional aluminum 
sheet and s t r inger  construct ion. The Stage I  I  forward s k i r t  provides the 
at tach po in t  f o r  the Centaur stage and a lso  houses a t russ s t ruc ture  sup- 
po r t i ng  most o f  t're T i t an  1 l  lE electronics.  A thermal b a r r i e r  was added 
t o  i so la te  t'he T i tan  1 1 lE e lec t ron ics  compartment from the Centaur engine 
compartment. 

Stages I  and I I  are both powered by l i q u i d  rocket enylnes rnade by the 
Aerojet L iqu id  Rocket Company. Propel lants f o r  both stages are n i t rogen 
te t rox ide  and a 50/50 combination o f  hydrazine and unsymmetrical dimethyl-  
hydrazine. The Stage I  engine consis ts  of  dual th rus t  chambers and turbo- 
pumps producing 520,000 pounds th rus t  a t  a1 t i  tude. Independent g imbal 1 ing 
o f  the two th rus t  chambers, using a convent ional hydraul i c  system, provides 
cont ro l  i n  p i tch ,  yaw and r o l l  dur ing Stage 1 f l i g h t .  

The Stage I  I engine i s  a s ing le  th rus t  chsmber and turbopump producing 
100,000 pounds th rus t  a t  a l t i t u d e .  The th rus t  chamber gimbals f o r  f l i g h t  
contro l  i n  p i t c h  and yaw and the turbopump exhaust duct ro ta tes  t o  pro- 
v ide r o l l  con t ro l  during Stage I1 f l i g h t .  

To preclude long i tud ina l  o s c i l l a t i o n s  which were encountered dur ing Stage 
I operat ion on TC-1 and TC-2,-accumulators a re  i n s t a l l e d  i n  the ox id i ze r  
feed l i n e s  t o  each o f  the Stage I  t h rus t  chambers on t h i s  T i t a n  vehic le.  
I n  conjunct ion w i t h  t h i s  i n s t a l l a t i o n ,  four  pressure measurements are  
added f o r  ground check o f  the accumulator be1 lows pressures. 



superheaters 
Th is  pressur 
burn t ime. 

The T i  tan  f l  
to t he  s o l i d  

The Stage I  o x i d i z e r  autogenous p ressu r i za t i on  system cons i s t s  o f  two 
as f lown on TC-1 (on l y  one superheater was f lown on TC-2). 

i z a t i o n  system prov ides tank  u l l a g e  pressure dur ing  Stage I  

i g h t  c o n t r o l  computer prov ides p i t c h ,  yaw and r o l l  commands 
rocket  motor'; t h r u s t  vector  con t ro l  system and the Stages 

I  and I I  hyd rau l i c  ac tua to rs .  The f l i g h t  c o n t r o l  computer rece ives a t -  
t i t u d e  s igna ls  from the  th ree-ax is  reference system which con ta ins  th ree  
d i  splacemen t gyros. 

Vehic le  a t t i t u d e  ra tes  i n  p i t c h  and yaw a re  prov ided by the r a t e  gyro sys- 
tem loca ted  i n  Stage I .  In add i t i on ,  t he  fl i g h t  c o n t r o l  computer generates 
preprogrammed p i t c h  and yaw s ignal  s, provides s igna l  con:'\ t ion ing , f i 1 t e r i n g  
and ga in  changes, and c o n t r o l s  the  dump o f  excess t h r u s t  vec to r  c o n t r o l  
f l u i d .  A r o l l  a x i s  con t ro l  change was added t o  prov ide a v a r i a b l e  f l  i g h t  
azimuth c a p a b i l i t y  f o r  p lane ta ry  launches. The Centaur computer provides 
s teer ing  programs f o r  Stage 0 wind load re1 i e f  and guidance s tee r i ng  f o r  
T i t a n  Stages I  and I  I .  

A fl igh t  p rogramer  prodides t im ing  f o r  f l  i g h t  c o n t r o l  programs, ga in  
changes and o ther  d i s c r e t e  events. A s tag ing t imer  provides acce le ra t ion -  
dependent d i sc re tes  f o r  Stage I i g n i t i o n  and timed d i sc re tes  f o r  o ther  
events keyed t o  s tag ing events. The f l i g h t  p rogramer  and s tag ing  t imer ,  
opera t ing  i n  con junc t ion  w i t h  a  r e l a y  package and enable-d isab le  c i r c u i t s ,  
comprise t he  e l e c t r i c a l  sequencing system. On T i t a n  I l l €  a second program- 
mer, r e l a y  packages and o the r  c i r c u i t s  were added t o  p rov ide  redundancy. 
Gl so, capabi 1 i t y  f o r  t r ansm i t t i ng  backup commands was added t o  the T i  tan  
systems f o r  s tag ing  o f  the Centaur Standard Shroud and the Centaur. 

The standard T i t a n  uses th ree  b a t t e r i e s :  one f o r  fl igh t  c o n t r o l  and se- 
quencing, one f o r  te lemetry  and ins t rumentat ion,  and one f o r  ordnance. On 
T i t a n  I l l €  add i t i ona l  separate redundant Range Safety Command sy;tem bat-  
t e r i e s  were added t o  s a t i s f y  Range requirements. 

The T i t a n  te lemetry  system i s  an S-band frequency, pu lse code modulat ion/  
frequency m d u l a t  ion (PCM/FM) system cons i s t  ing o f  one c o n t r o l  conver ter  
and remote mu l t i p l exe r  u n i t s .  The PCM format i s  reprogrammable. 

For t h i s  T i t a n  veh ic le ,  t he  f o l l o w i n g  measurements were added beyond the  
standard T i  tan l  l  lE instrumentat  ion:  s i x  accelerometers on t he  Stage I  
engines, a Stage I  o x i d i z e r  pump i n l e t  pressure,  two narrow band chamber 
pressure measurements on the  two Stage I  engines and an o r i f i c e  and ven tu r i  
pressure measJrement i n  the  Stage I  autogenous system. 

Many o f  t h e  mod i f i ca t i ons  t o  the  T i t a n  fo r  Titan/Centaur \!ere made t o  i n -  
corporate  redundancy and r e l i a b i l i t y  ircprovements. I n  a d d i t i o n  t o  those 
mod i f i ca t i ons  p rev ious ly  mentioned, a  f ou r t h  r e t r o rocke t  was added t o  
Stage I t  i n  order  t o  ensure proper T i t a d c e n t a u r  separat ion i f  one motor 
does not  f i r e .  A l l  redundancy mod i f i ca t i ons  t o  T i t an  l l l E  u t i l i z e d  T i t a n  
f 1 i g h t proven component s . 

17 



Centaur 0- lT 

The Centaur tank i s  a pressure-stabi l ized s t ruc ture  made from s ta in less  
steel (0.014 inches t h i c k  i n  c y l  i nd r i ca l  sect ion). A double-wal led, vac- 
uum-insulated intermediate bulkhead separates the l i q u i d  oxygen tank from 
the 1 iqu i d  hydrogen tank. 

The e n t i r e  c y l i n d r i c a l  sect ion of the Centaur LH2 tank i s  covered by a rad i -  
a t i o n  shield. This sh ie ld  consists  o f  three separate layers o f  an aluminized 
Mylar-dacron net  sandwich. The forward tank bulkhead and tank access door 
are insulated w i t h  a mul t i layer  aluminized Mylar. The a f t  bulkhead i s  cov- 
ered w i t h  a membrane which i s  i n  contact w i t h  the  tank bulkhead and a r i g i d  
rad ia t i on  sh ie ld  supported on brackets. The membrane i s  a layer  o f  dacron- 
reinforced aluminized Mylar. The rad ia t i on  sh ie ld  i s  made o f  laminated nylon 
fab r i c  w i t h  aluminized Mylar on i t s  inner surface and white po lyv iny l  f l u o r i d e  
on i t s  outer surface. This C e n ~ a , ~  vehic le has no thermal cont ro l  sh ie ld ing 
on components i n  the th rus t  ;-ction. 

The forward equipment module, an aluminum conical s t ructure,  attaches t o  the 
tank by a Short c y l i n d r i c a l  stub adapter. 

Two modes o f  tank pressur izat ion are used. Before propo,llant tanking, a 
helium system maintains pressure. With propel lants i n  the  tank, pressure i s  
maintained by propel lant  5 p i l o f f .  During f l i g h t ,  the airborne helium system 
provides supplementary pressure when required. This system a lso  provides 
pressure f o r  the Hz02 and engine cont ro ls  system. This Centaur vehic le has 
one I;,rge he1 ium storage tank. 

Primary th rus t  i s  provided by two Pra t t  & Whitney RL10A3-3 engines, which 
develop 15,000 pounds t o t a l  t h rus t  each. The engines are fed by hydrogen 
peroxide fue l  boost pumps. This Centaur vehic le has a boost pump cold gas 
spinup system used f o r  ground checkout of the boost pumps. Engine gimbal l ing 
i s  provided by a separate hydraul i c  system on each engine. 

During coast fl ight ,  a t t i t u d e  contro l  i s  provided by four H202 engine c lus te r  
manifold assemblies munted on the tank a f t  bulkhead on the peripheral center 
o f  each quadrant. Each assembly consists o f  two 6-pound l a t e r a l  tb rus t  en- 
gines manifolded together. 

A propel lant u t  i 1 i za t  ion system cont ro ls  the engine mixture r a t i o  t o  ensure 
tha t  both propel l a n t  tanks w i l l  be emptied simultaneously. Quant i ty  measure- 
ment probes are  mounted w i t h i n  the fue l  and ox id izer  tanks. 

The Centaur 0-IT as t r i on i cs  system's Teledyne D i g i t a l  Computer Uni t  (OCU) i s  
an advanced, high speed computer w i t h  a 16,384 word random access memory. 
From the DCU d iscretes are provided t o  the Sequence Control Un i t  (SCU) . En- 
gine commsnds go to the Servo-Inverter Uni t  (SIU) through s i x  d l g l t a l  - to-  
analog (0/A) channels. 



The Honeywell I n e r t i a l  Reference Uni t  ( I N )  contains a four-gimbal, a i l -  
a t t i t u d e  stable platform. Three gyros s t a b i l i z e  t h i s  platform, on which 
are mounted three pul se-balanced accelerometers. A prism and window a1 low 
f o r  o p t i c a l  azimuth alignment. Resolvers on the p la t fo rm gimbals transform 
vector components from i n e r t  i a l  t o  vehic le coordinates. A c rys ta l  osci l- 
la to r ,  which i s  the primary t iming reference, i s  a lso  contained i n  the IRU.  

The System Electronic Uni t  (sEu) provides condi t ioned power and sequencing 
f o r  the IRU. Communication from the IRU t o  the DCU i s  through three analog- 
t o - d i g i t a l  channels ( f o r  a t t i t u d e  and ra te  signals) and three incremental 
ve loc i t y  channels. The SEU and IRU combination forms the I n e r t i a l  Measuring 
Group (IHG). 

The Centaur 0-lT systen, a l so  provides guidance fo r  Ti tan, w i th  the s t a b i l i -  
zat ion funct ion performed by the Titan. 

The centra l  c o n t r o l l e r  f o r  the Centaur pulse code modulation PCK telemetry 
system i s  housed i n  the DCU. System capacity i s  267,000 b i t s  per second. 
The centra l  c o n t r o l l e r  services two Teledyne remote-multiplexer u n i t s  on 
the Centaur 0-lT. 

This Centaur vehic le has one FM/FM telepac to  transmit wideband spacecraft 
measurements. 

The C-band t racking system provides ground t rack ing  o f  the vehic le during 
f ! i gh t .  The a i rborne transponder returns an ampl i f ied radio-frequency 
signal when i t  detects a t racking radar 's in terrogat ion.  

This Centaur vehic le uses a basic d-c power system, w i th  power supplied by 
one 150 ampere-hour bat te ry  and d i s t r i bu ted  v i a  harnessing. The servo- 
inver ter  provides a-c power, 26 and 115 vo l t s ,  s ing le  phase, 400 Hz. 



Centaur Standard Shroud 

The Centaur Standard Shroud i s  a j e t t  isonable f a i r i n g  designed t o  p ro tec t  
the Centaur veh ic le  and i t s  payloads fo r  a v a r i e t y  o f  space missions. The 
Centaur Standard Shroud, as shown i n  Figure 3-5, consis ts  o f  three major 
segments: a payload section, a tank sect ion and a b o a t t a i l  sextion. The 
14-foot diameter of  the shroud was selected t o  accommodate Vik ing space- 
c r a f t  requirements. The separation j o i n t s  sever the shroud i n t o  clamshell 
ha 1 ves. 

The shroud basic s t ruc ture  i s  a r i n g  s t i f f ened  aluminum and magnesium she l l .  
The c y l i n d r i c a l  sections are constructed o f  two l i g h t  gage aluminum sheets. 
The outer sheet i s  l ong i tud ina l l y  corrugated f o r  s t i f f ness .  The sheets are 
joined by spot welding through an epoxy adhesive bond. Sheet sp l i ces ,  r i n g  
attachments and f i e l d  j o i n t s  employ conventional r i v e t  and bol ted construc- 
t ion .  The b i -conic nose i s  a semi-monocoque magnesium-thorium s ing le  sk in  
she l l .  The nose dome i s  s ta in less  s tee l .  The b o a t t a i l  sect ion accomplishes 
the t r a n s i t i o n  from the 14-foot shroud diameter t o  the 10-foot Cenraur i n t e r -  
stage adapter. The b o a t t a i l  i s  constructed of a r i n g  s t i f fened aluminum 
sheet conical she l l  having external r i ve ted  hat sect ion s t i f f ene rs .  

The Centaur Standard Shroud m d u l a r  concept permits i ~ s t a l l a t i o n  o f  the tank 
sect ion around the Centaur independent of  the payload sect ion. The payload 
sect ion i s  i ns ta l l ed  around the spacecraft i n  a special c lzan room, a f t e r  
which the encapsulated spacecraft i s  transported t o  the launch pad f c r  in -  
s t a l  l a t  ion on the Centaur. 

The lower sect ion of  the shroud provides insu la t ion  for the Centaur l i q u i d  
hydrogen tank dur ing propel l a n t  tanking and prelaunch ground hold operat ions. 
This sect ion has seals a t  each end which c lose o f f  the volume between the 
Centaur tanks and the shroud. A helium purge i s  required t o  prevent forma- 
t i o n  o f  i ce  i n  t h i s  volume. 

The shroud i s  separated from the T i tadcen tau r  dur ing T i tan  Stage I I f l  ight .  
Je t t i son  i s  accomplished when an e l e c t r i c a l  command from the Centaur i n i t i -  
ates the Super-zip separation system detonation. Redundant d u ~ l  explosive 
cords are  confined i n  a f la t tened steel  tube which l i e s  between two notched 
p lates around the circumference of  the shroud near the base and up the sides 
o f  the shroud t o  the nose dome. The pressure produced by the explosive cord 
detonation expands the f la t tened tubes, breaking the tw notched p la tes  and 
separating the shroud i n t o  two halves. 

To ensure r e l i a b i l i t y ,  two completely redundant e l e c t r i c a l  and explosive 
systems are used. If the f i r s t  system should f a i l  t o  funct ion,  the second 
i s  automat ica l ly  ac t iva ted  as a backup w i t h i n  one-half second. 
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The T i t an  pyrotechnic ba t t e r y  suppl ies  the e l e c t r i c a l  power t o  i n i t i a t e  
the Centaur Standard Shroud e l e c t r i c  pyrotechnic  detonators.  Primary 
and backup j e t t i s o n  d i sc re te  s igna ls  a re  sent t o  the  T i t an  squib f i r i n g  
c i r c u i t r y  t y  the Centaur Sequtnce Control  Un i t  (SCU). A t e r t i a r y  j e t -  
t i s o n  s igna l ,  f o r  add i t i ona l  redundancy, i s  der ived from the T i t an  
s tag ing t imer.  

Four base-mounted, co i  1 -spr ing t h rus te r s  fo rce  each o f  the  two severed 
shroud sect ions t o  p i v o t  about hinge p o i n t s  a t  t he  base o f  the  shroud. 
A f t e r  r o t a t i n g  approximately 60 degrees, each shroud h a l f  separates from 
i t s  hinges and continues t o  fa1 1 back and away from the  launch veh ic le .  

Two add i t iona l  sets o f  spr ings are i n s t a l  l e d  l a t e r a l l y  across t he  Centaur 
Standard Shroud s p l i t  l i nes ;  one se t  o f  two spr ings i n  the  upper nose 
cone t o  a s s i s t  i n  overcoming nose dome rubbing f r i c t i o n  and one se t  o f  
two spr ings a t  the  top o f  the  tank sec t ion  t o  prov ide add i t i ona l  impulse 
dur ing Centaur/Shroud j e t t  i son disconnect breakaway. 
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by R. P. Kuivinen 

I V  TRAJECTORY AND PERFORMANCE SUMMARY 

The T i  tan I I IEKentaur D-IT launch veh ic le  (TC-3) was successful 1 y launched 
on September 9, 1975, a t  18:38:59.956 GMT (2:38:59.956 PM EDT) p lac ing the 
Viking - spacecraft onto the cor rec t  MARS t ransfer  o r b i t .  Table 4-1 pre- 
sent% the m j o r  fl igh t  events. 

The T i tan  Sol i d  Rocket Motors (sRM's) were ign i ted  a t  :8:38:59.956 GMT 
(2:38:58.956 PM EDT) w i t h  1 i f t o f f  occurr ing when the th rus t  o f  the  SRM1s 
exceeded the t o t a l  vehic le weight. The launch vehic:e was r o l l e d  from the 
pad azimuzh o f  100.2 degrees from t rue  nor th  t o  the required f l i g h t  azimuth 
o f  96.508 degrees from t rue  north. The ADDJUST steer ing programs, PlA5200* 
TC03 and YlA5200*TC03, provided the p i t c h  and yaw steer ing a t t i t u d e  h i s t o r i e s  
f o r  the SRM por t ion  of f l i g h t  for  aerodynamic load r e l i e f .  These steer ing 
programs were designed from wind measurements a t  launch minus 135 minutes. 
The t ra jes ro ry  p r o f i l e  through SRM f l i g h t  was s l i g h t l y  low w i t h  Stage I en- 
gine i g n i t i o n  occurr ing a t  111.7 seconds i n t o  f l i g h t  and SRM j e t t i s o n  occur- 
r i n g  a t  122.8 seconds. The ve loc i t y  a t  SR:! j e t t i s o n  was about 56 f t / sec  
lower than precicted. 

The Stage i por t ion  of  f l i g h t  was 3.3 seconds longer than predicted w i t h .  
Stage I cu,!off sensed a t  260.9 seconds i n t o  f l i g h t ,  w i t h  Stage I being j e t -  
tisoned 0.7 secoilds l a t e r .  The ve loc i t y  a t  Stage I cu to f f  was about 29 f t /  
sec lower than predicted, but wel l  w i t h i n  the expected dispersion. 

The T i tan  Stage I I por t ion  of  f l i g h t  a lso was 2.2 seconds longer than pre- 
d ic ted w i t h  the Stage l l c u t o f f  sensed a t  470.5 seconds. The veh ic le  a t  
Stage II cut-off Kas about 67 f t /sec lower i n  ve loc i t y  than przdicted. Dur- 
ing Stage ! I por t ion  of fl igh t  the Centaur Standard Shroud vJas je t t i soned 
a t  271.64 seconds i n t o  f l i g h t  which was 10 seconds a f t e r  Stage I j e t t i s o n .  

Even though Stages I and I had longer engine f i r i n g s  thcn predicted, the 
overa l l  performance o f  thz T i t an  l l l E  vehic le was very g o ~ d .  

The Centaur was separated f .om the T i tan  a t  473.24 seconds i n t o  the f l i g h t ,  
w i t h  the Centaur f i r s t  burn main engine s t a r t  occurr ing a t  483.8 seconds. 
Centaur Main Engine Cutoff (MECO-1) occurred a t  613.4 seconds p lac ing  the 
vehic le i n t o  the prescribed parking o r b i t .  Table 4-2 compares selected 
parking o r b i t  parameters. 

Af ter  coasting fo r  18.2 minutes the Centaur second burn occurred t o  place 
the Viking 2 spacecraft onto the cor rec t  Mars t rans fer  o r b i t .  MES-2 occur- 
red a t  1705.7 secondc i ? t o  f l i g h t  and MECO-2 occurred a t  2007.7 seconds. 
Table 4-3 compares the Mars t rans fer  o r b i t  parameters. 
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TABLE 4-1 - V l  KING 2, LAUNCH SEPTEMBER 9, 1975, ARRIVE AUGUST 7, 1976  

SEQUENCE OF EVENTS FOR TC-3 

FLIGHT EVENTS 

SRM IGNITION 

SEPARATE FWD BEARING REACTORS 

STAGE I IGNITION 

SRM JETTISON 

STAGE I CUTOFF 

STAGE I JETTISON 

STAGE II IGNITION 

CENTAUR SHROUD JETTISON 

STAGE I I CUTOFF 

STAGE II JETTISON 

CENTAUR MES 1 

CENTAUR MECO 1 

CENTAUR MES 2 

CENTAUR MECO 2 

SPACECRAFT SEPARAT l ON 

SOLAR PANEL DEPLOY. COMPLETE 

BEGIN CENTAUR BLOWDOWN 

END CENTAUR BLOWDOWN 

TIME (sEC) 
PREDl CTED (1 ) ACTUAL 

GDC PREFL l GHT ACTUAL LAUNCH T I  ME TRAJECTORY (PALTT) 

EVENT NOT REPORTED 
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Table 4-4 compares the in jec t ion o r b i t  parameters mapped a t  Mars. The 
tracking parameters presented are based on several days o f  tracking of 
the Viking 2 spacecraft by the DSN. A 4.7 meter/sec midcourse correct ion , 

/" 
would have placed the spacecraft on the o r ig ina l  launch vehicle target 
aim point which was biased fo r  planet quarantine purposes. The gui+?w.e 
solut ion i s  based on DCU telewe*ry data and i s  presented for  comparison. 

The Centaur completed the launch vehicle misslc*: by ?t:rforming : ' ~ f l e c t i o n  
maneuver a f t e r  spacecraft separation t o  fur ther  enhance the Centaur's mis- 
sing the planet. The o rb i t a l  parameters f o r  t h i s  Glaneuver are contained 
i n  Table 4-5. 
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V VEHICLE DYNAMICS 

by T. F. Gerus and J. C .  :sic: 

1 

The T i  tan/Centaur/Vi k ing  I ccei ved dynamic e x c i t a t i o n  from wind loads, atous- r 
1 t i c  exc i ta t ion ,  and t rans ien t  forces from engines s t a r t i n g  and stopping, and 

sepalnation events. The f o l l w e i a i g  i s  an evaluat ion o f  those e x c i t a t i o n  sources. 

Wind Loads Evaluation: The ADDJUST system was used t o  design f l i g h t  s teer ing 
programs PIA5203*TC03 and Y IA5200fiTC03 f o r  the wind prof i l e  measured by a Wind- 
sonde bal loon released a t  1614 2, September 9, 1975. The p i t c h  and yaw com- 
ponznts o f  t h i s  wind are shown i n  Figure 5-1. During prelaunch v e r i f i c a t i o n  
of the fl i g h t  s teer ing programs, peak response t o  the 1614 Z wind was calculated 
to  be 79 percent of  the we~kes t  s t ruc tu ra l  al lowable a t  24,931 fee t .  It should 
be noted tha t  t h i s  response includes a combination o f  nominal wind response w i t h  
allowances fo r  such unmeasured and/or non-nominal quan t i t i es  as gusts, buf fet ing,  
t ra jec to ry  dispersions, and two-hour wind changes. 

T i t adcen tau r  f l i g h t  wind responses are  usual ly  studied using bal loon data taken 
w i th in  minutes a f t e r  the launch. For TC-3, two such required bal loon soundings 
were l o s t ,  one due t o  t rack ing  f a i l u r e  and thc  o ther  due t o  ground s t a t i o n  e r ro r .  
Therefore, t he  best ava i lab le  measurement o f  TC-3 f l i g h t  winds was from a Wind- 
sonde bal loon released a t  1714 2, September 9, 1975, 85 minutes before launch. 
The p i t c h  and yaw components o f  t h i s  wind are shown i n  Figure 5-2. This ba!loon 
reached c r i t i c a l  a1 t i  tude about one hour before launch. Peak ca lcu la ted  response 
from t h i s  sounding was 84 percent o f  the weakest s t ruc tu ra l  al lowable a t  23,869 
feet.  This percentage includes a l l  o f  the same allowances f o r  extreme condi t ions 
described above f o r  the prelaunch design v e r i f i c a t i o n .  As may be seen i n  the 
discuss ions o f  measured TVC s teer ing usage (Section V I I )  and T i  tan f 1 i g h t  cont ro ls  
(Section V I I ) ,  a l l  of the measured f l i g h t  wind responses were we l l  below tne a l -  
l0wdbleS. 

Acoustic Exc i ta t ion  Evaluation: Acoustic leve ls  were measured w i t h i n  the Centaur 
Standard Shroud near the Centaur equipment r i ~ d u l e .  TC-I data measured near the 
equipment module and near the Viking dynamic simulator indicated reasonable com- 
parison so the TC-3 data represent spacecraft acoust ic leve ls .  The data was an- 
alyzed using standard acoust ic analys is  techniques by General Dynamics Convair 
D iv is ion  and Langley Research Center. Data from both TC-3 and TC-4 i s  shown for 
comparison purposes. The data shown on Figures 5-3 and 5-4 ind ica te  reasonable 
agreement between analysem performed, reasonable r e p e a t a b i l i t y  between TC-3 and 
TC-4, and reasonable margin between measured acoustic l eve1 s and the Vik ing 
f l i g h t  acceptance tes t  leve ls  

Transient Loads Evaluation: Transient loads were evaluated ea r l y  i n  the Ti tan/  
4 Centaur program f o r  a l l  t ransients using Viking dynamic model I and repeated 

f l a t e r  i n  the program f o r  the mcre c r i t i c a l  condi t ions using Vik ing dynamic model 

6 V I I I .  The evaluat ion o f  the predicted loads was made by comparing forces pre- 
d ic ted on s i x  lander capsule adapter s t r u t s  w i t h  those measured on TC-3 a ~ d  

3 2 





TC-4 [ LRC Analysis - - ,  
CDC Analysis - - - 0 - - - 

TC-3 GW Analysis XX 127.4 dB OA ( 2 0  to ZMZ) 
1 

JPL F l lght  Acceptance Test . .. . . . . 137.5 dB* 
MMC Fl ight  Acceptance Test 137.7 dB* 

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES, HZ 

* Over-A1 1 (OA) 'Levels from 20 to 2KHz 

34 



FIGURE 5-4 .- TC-4/3 ACOUST JCS ,TRANSON I C S  

From CY-886-Y 

124.9 dB OA* 
124.2 dB OA* 

LRC Anal ys 
Tc-4 bDC Anal ys 

TC-3 GDC Anal ys i s  124.5 dB OA* 

JPL F l  ight Acceptance Test . . . . . . . . . . . 137.5 dB* 
~ C F l l g h t A c c e p t a n c e T e s t  ?37.7dB* 

ONE-'MIN OCTAVE BAND CENTER FREQUEh'CIESe HZ 

*Over-A1 1 (oA) Levels from 20 to 2KHz 



and TC-4 f o r  comparison purposes. The comparisons are 1 i s ted  on T ~ b l e  5-1. 

Stage 0 i g n i t i o n  i s  the only  condi t ion analyzed using model VI i t  where the 
measured loads approached predicted loads and has been determined t o  be 
caused by a lack o f  adequate longi tudinal  and to rs iona l  fo rc ing  funct ions 
used i n  the analysis. The o ther  c r i t i c a l  loading condi t ions analyzed ad- 
equately compensated f o r  t h i s  event, ho ,ever. A l  though s i g n i f i c a n t  d i f f e r -  
ences between predicted and measured loads are apparent compa:ing model I 
analyses, none of  those condit ions were c r i t i c a l .  Di f ferencrs between pre- 
d ic ted  and measured loads fo r  these condit ions are p r imar i l y  a t t r i b u t e d  t o  
dynamic model differences between the f l i g h t  spacecraft and the model I 
dynamic mode 1 . 
The t i r e  h i s t o r i e s  o f  the Vik ing Larder Capsule Adapter (VLCA) force data 
were used i n  conjunction w i t h  the Vik ing ana ly t i ca l  dynamic model i n  order 
t o  evaluate the c r i t i c a l i t y  of  a l l  t r a n s i e ~ t s  t o  a l l  par ts  o f  the spacecraft 
and launch vehicle. No pa r t  o f  the spacecraft o r  launch veh ic le  approached 
c r i t i c a l i t y  f o r  any t rans ien t  cond i t ion  fo r  e i t h e r  TC-3 o r  TC-4. 



~tmhr/b!cas. No. 

Vikinq A Viking B Iredictcd -- Viking A Viking B 

BRM Jettison (~odel I) 

I AIGINAL PAGE I8 
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(continued) 

Rrdicted Viking A Vikine B Predicted V i k i n ~  A Viking B 

Stage II Bdmolit (?-!ode1 IV) 

Centaur 1-ES I1 (~.?odel I) 

lute: Canpression = negative (-), Tension = Posit ive  (+) 

W values i n  the ab& tale have been rounded off to 2 100 lbs. 
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V I  SOFTWARE PERFORMANCE 

Ai rborne 

by J. L. Feagan 

A l l  a v a i l a b l e  C7U f l  i gh t  te lemetry data fo r  the f l i g h t  o f  TC-3 was thorough1 y 
reviewed t o  v e r i f y  t h a t  the  f l i g h t  software performed as designed. The data 
reviewed included analog p l o t s  o f  t he  DCU inputs  (A/D1s), and d i g i t a l  l i s t i n g s  
o f  the SCU swi tch comna~ds and t he  sof tware i n te rna l  sequencing. The d i g i t a l  
data was a l s o  used t o  v e r i f y  the  proper opera t ion  o f  each module o f  the  f l i g h t  
program as we l l  as the  t r ans fe r  o f  data between the var ious modules. The de- 
t a i l s  o f  the software performance a r e  elabovated upon i n  the desc r i p t i ons  o f  
the var ious f l i g h t  systems; e-g. ,  PU, f l i g h t  con t ro l ,  guidance, CCVAPS and 
t r a j e c t o r y .  



Computer Control led Launch Set (CCLS) 

by A. L. Gordan 

During the TC-3 launch countdown, the performance o f  the CCLS was normal. 
No hardware or  software problems were encountered. A1 1 CCLS countdown 
procedure tasks were performed w i th in  the allowable time marks. This i n -  
c l  uded the receiving and loading o f  the Centaur DCU w i th  ADDJUST P/Y data 
coe f f i c i en ts  v i a  the ADDJUST transmission l inks from GDC, San Diego. 
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V I I  TITAN l l l E  SYSTEMS ANALYSIS 

Mechanical Systems 

AIr f rame Structures 

by R. W. York 

Sumna r y  

f 

EL 
The T i  tan l l l E veh i c l e  a i r f rame con f igura t ion  remained unchanged from the  
E l  Proof F l  i g h t  con f igura t ion .  The T i  tan veh i c l e  maintained s t r u c t u r a l  
i n t e g r i t y  throughout a l l  phases o f  booster ascent f l i g h t .  Data from f l i g h t  - 
ins t rumentat ion agreed we l l  w i t h  pred ic ted f l i g h t  avlues. 

t. 
Discussion 

Response o f  the veh i c l e  a i r f rame t o  steady s t a t e  loads and t r ans ien t  events 
was nominal w i t h  peaks a t  expected leve ls .  

i 

The u l l a g e  pressures w i t h i n  the  o x i d i z e r  and f u e l  t z  ,ks o f  both Stage I and 
Stage II were w i t h i n  prelaunch l i m i t s  (Table 7-3) and remained s u f f i c i e n t  t o  
mainta in  s t r u c t u r a l  i n t e g r i t y  thrcughout f l i g h t .  The pressures d i d  no t  ex- 
ceed the design l i m i t s  o f  the vehic le .  

Compartment I I A  i n t e rna l  pressure vented as expected and achieved e s s e n t i a l l y  
zero ps l  a t  approximately 125 seconds a f t e r  l i f t o f f  ( ~ i ~ u r e  9-9). 

SRK separat ion and Stage I/Stage I I  separat ion occurred w i t h i n  p red ic ted  three- 
sigma event t imes (Table 4-1) .  F l  i gh t  data ind ica tes  T i t a n  ordnance fo r  these 
events performed as expected. 



T i t a n  Stage 0 Propuls ion System 

by R. J. Salmi 

The Stage 0 p ropu ls ion  system f o r  t he  TC-3 f l i g h t  was comprised o f  CSD/UT 
s o l i d  rocket motors numbers 45 and 46. The p ropu ls ion  performance param- 
e t e r s  were w i t h i n  the s p e c i f i c a t i o n  l i m i t s  o r  i n  the expected range from 
normal f l i g h t  experience. No system anomal i z s  were detected. 

Discuss ion  

Propuls ion Performance: The p ropu ls ion  performance parameters a re  summar- 
ized i n  Table 7-1. The 3easured web ac! i on  t imes were 104.8 seconds f o r  
both SRM's. Corrected from the ac tua l  g r a i n  temperature o f  81.g°F t o  t he  
nominal temperature o f  60°F, the web a c t i o n  t ime i s  107.8 seconds, o r  0.9 
seconds longer than the s p e c i f i c a t i o n  va lue o f  106.9 seconds, but  we1 l 
w i t h i n  the three-sigma l i m i t s  o f  + 2.3 seconds. The head-end chamber pres- 
sure (PC) data i s  presented i n  ~ i & r e s  7-1 and 7-2 and the  i g n i t i o n  t r an -  
s i e n t  phase i s  shown expanded i n  F igure 7-3. The chamber pressures were, 
i n  general ,  midway between the s p e c i f i c a t i o n  l i m i t s  except a t  i g n i t i o n  and 
t a i l o f f .  A t  i g n i t i o n ,  PC(,,,.) was below the  s p e c i f i c a t i o n  l i m i t .  The -ow 

',(,ax.) i s  normal SRM experience and because i t  i s  an i g n i t i o n  t r a n s i e r ~ t  
pressure peak i t  i s  o f  no s i gn i f i cance  t o  the o v e r a l l  de l i ve red  impulse. 
A t  t a i l o f f ,  the pressures we.e nearer the upper l i m i t  as a r e s u l t  o f  the 
s l i g h t l y  long burn t ime. The i g n i t i o n  and t a i l o f f  t h r u s t  d i f f e r e n t i a l  were 
w e l l  below the s p e c i f i c a t i o n  l i m i t s .  

Thrust  Vector Cont ro l :  As l i s t e d  i n  Table 7-1, the TVC system o x i d i z e r  
loads and pressures were near nominal a t  l i f t o f f ,  and the  TVC tank pressure 
was we l l  above the minimum va lue a t  SRM separat ion.  A l l  e lectro-mechanical  
valves (EMV's) i n  the TVC system operated normal l y .  The maximum s tee r i ng  
command was ,?bout 1.8 v o l t s  which i s  small r e l a t i v e  t o  the 10-vol t range. 
The TVC i n j e c t a n t  usage as determined by CSD/UT i s  summarized i n  the f o l -  
lowing t abu la t i on :  

SRM 45 SRM 46 

Ni t rogen t e t r o x i d e  load, Ib .  8,417.4 8,41( .9 

To ta l  expended, 1 b. 6,250 6,125 

Tota l  dumped, Ib .  4,084 4,190 

To ta l  TVC s teer ing ,  Ib .  2,176 1,936 
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Ti tan  Stage I and Stage I 1  Propulsion Systems 

by R. J. Schroeder 

S u m  r y  

The T i tan  Stage I and Stage I 1  propel lant  loading, prelaunch pressur izat ion,  
engine performance and autogenous pressur izat ion were a l l  w i t h i n  acceptable 
1 im i t s  f o r  the TC-3 fl ight .  Stage I engine shutdown resu l ted  from ox id i ze r  
deplet ion and Stage II shutdown resul ted from fue l  deplet ion. Both shvtdown 
t ransients were normal. Thrust leve ls  were s l i g h t l y  lower than expected but  
w i t h i n  al lowable dispersions. The lower th rus t  leve ls  resul ted i n  a s l i g h t l y  
longer burn time o f  2.2 seconds f o r  Stage I and 1.7 seconds f o r  Stage II. 

Discuss ion 

Stage I and Stage I I Prelaunch Operat ions: The requi red propel l a n t  loads for 
Stage I and Stage I I were bjsed on an expected i n - f l i g h t  propel lant  bu lk  tem- 
perature o f  8 0 ' ~  f o r  Stage I ox id izer  and fuel,  75°F f o r  Stage II ox id izer  
and 77. S°F for Stage I I fuel . 
Stage I prope l lan t  load was biased t o  provide a 2.33 sigma p r o b a b i l i t y  o f  
having an ox id i ze r  deplet ion shutdown. This was done to minimize the r i s k  
o f  encmnter ing h igh Stage II actuator loads during the Stage II engine s t a r t  
t ransient .  Stage I and Stage II propel lant  tan'ks were loaded w i t h i n  the a l -  
lowable l i m i t  o f  + 0.3% on the fue l  load and + 0.4% on the ox id izer  load. 
Comparison o f  themactual loads w i t h  the expecred loads i s  shown i n  Table 7-2. 

Prelaunch tank pressur izat ion was sa t is fac tory .  Comparison o f  the actual  ox- 
id izer  and fuel tank pressures w i t h  the al lowable prelaunch l i m i t s  a t  1-30 
seconds i s  shown i n  Table 7-3. A l l  four propel lant  tank pressures were near 
the middle o f  the launch 1 imits.  AT 1-17 .5  seconds the propel lant  prevalves 

- were commanded open and a l l  s i x  valves were f u l l y  open w i th in  6.9-?.2 seconds. 

Stage I Propulsion System: The Stage I propulsion system was modified from 
. TC-1 and TC-2 by the add i t i on  o f  ox id izer  POGO accumulators on the feed l i nes  

t o  each of  the two ox id izer  pumps. This change was incorporated t o  e l  iminate 
the long i tud ina l  o s c i l l a t i o n s  encountered on TC-1 and TC-2 during Stage I 
operat ion. 

F l i g h t  performance of the T i tan  Stage I engine was sa t is fac tory .  Engine s t a r t  
s ignal ( 8 7 ~ )  occurred a t  T + 110.9 seconds when the accelerometer i n  the 
T i t ~ n  f l i g h t  programmer sensed a reduct ion i n  accelerat ion t o  1.5 g ' s  dur ing 
the t a i l - o f f  per iod o f  the  Stage 0 s o l i d  rocket motors. 

Engine s t a r t  t ransients on both subassemblies were normal ind ica t ing  s a t i s -  
factory j e t t i s o n  of the nozzle e x i t  closures. 



TABLE: 7-2 - TITAN LOADED PROPELLANT WEIGHTS 
STAGE I AND STAGE I I  - TC-3 

T A M  7-3 - TITAN PRCPELLAHT T4YY DREL.%NCH 
PRESSURIZATION,  STAGE I AND STAGE I I  - 
TC-3 

Stage 1 

Oxi d i  zer Tank 

Fuel Tank 

J 

Stage I 1  

0x1 di zer Tank 

Fuel Tank 

Actual ( L ~ S  . )' 

166,742 

89,607 

43,044 

23,995 

Stage I r Oxidizer 

Fuel 

- 
I 

Stage I1 

Q A ~  di zer 

Fuel 

Prelaunch L i m i t s  Value a t  7-30 Sec 
(psia) (psia) 

Lower Upper 

33.6 45.0 4b.4 

24.0 32.0 30.4 

r Expected ( L ~ S  .) 

166,611 

89,548 

43,010 

23,981 



Steady-state performance o f  the Stage I engine was sat is factory.  Average 
engice th rus t  was 1.01% lower than expected; average spec i f i c  lmpul se bias 

.05 seconds higher than expected; and a y ~ r a g e  mixture ra t  .o was 1.22 % 
lower than expected. These performance parameters were d i t h i n  the a l low- 
able three-signs dispersions o f  .: 3.27% on th rus t ,  + 2.3 seconds on sre- 
c i f i c  impulse and 22 .17% on mixTure r a t i o .  PerforGance o f  he autogenous 
pressur izat ion system during engine operat ion was sa t i s fac to ry .  Comparison 
o f  the average expected steady-state p e r f o r ~ w c e  values I'or the Stage I r-n- 
gine w i t h  the actual  steady-state value$, i s  shown i n  Table 7-4. 

Stage I engine shutdown occurr'ed a t  T + 263.9 seconds wh2n the th rus t  cham- 
ber pressure switches sensed a reduct ion i n  chamber pressure and issued the 
engine shutdown signal (87F~2jl. Engine shutdown was the r e s u l t  o f  o x i a i z r r  
deplet ion as planned. The shutdow~ t rans ien t  was normal fo r  an ox id i ze r  de- 
p l e t i o n  mde. Propel lant outage was 400 puunds o f  ;uel which was less than 
the expecced mean outage o f  1,486 pounds o f  fuel.  This was the resu l t  of 
the s h i f t  i n  mixture r a t l o .  Stage I engine cperat ing time ( 5 1  t o  FS2) was 
2.2 seconds longer than expected due t o  the lower than expected propel lant  
f low rates. 

Stage I I Propul sion System: F.1 igh t  perforr~ance of the T i  tan Stage I I ecg ine 
was sa t is fac tory .  € n g ! n i s t a r t  s;gnal (9:FSI) o x u r r e d  a t  T + 260.9 seconds 
(simultaneous w i t h  Stage I e n g i s i  shurdown s ignal ,  87FS2). Thc Stage I I en- 
gine s t a r t  t rsns ien t  was narstal. Stage I separation occurred I . d  scconds 
a f te r  91FS1. 

Engine steady-state performance was sa t is fac tory .  Average engine th rus t  was 
1.14% lower than expected, average spec i f i c  impulse was 1.90 seconds lower 
than expectcd and average engine mixture r a t i o  was O.bd lower than expected. 
The a1 lowable three-sigma d i spers ions about the expected values were + 3.80% 
on th rus t ,  + 3.5 seconds on spec i f i c  impulse and + 2.66% on mixture r z t i o .  
Performanceof the autogenous pressur izat ion system during engine operat ion 
was sa t i s fac to ry .  Comparison of  the average expected steady-state performeqce 
values for  the Stage I I  engine w i t h  the actual steady-state values i s  shown 
i n  Table 7-5. 

Stage I I engine shutdown (91 FS2) occurred a t  T + 469.4 seconds when ;he sensed 
veh ic le  accelerat ion dropped t o  1.0 g 's .  Engine shutdown was the r e s u l t  c f  
fue l  dep le t i r  ;. The shutdown t rans ien t  was normal f o r  a fuel  dep lc t ion  mode. 
Propel lan t  outage was on ly  28 pounds of  ox id izer  compared t o  an expected mean 
octage o f  11r; pounds o f  p rope l lan t .  Engine operat ing time (FSI t o  FS2) qas 
1.7 second: longer than expected due t o  the lower than expected propel l a n t  
flow rates. 

Stage , I/Cerltaur separation occurred 3.8 seconds a f t e r  91 FS2 when the vehic le 
accelerat ion ;eve1 reached 0.1 g. Sat is factory operation o f  the Stage I I  
re t rorocket  moLors was achieved. 



TABLE 7-4 - TITAN STAGE I ENGINE STEADY-STATE PERFORMME - TC-3 

- 

Parane t e r  

Thrust, t o ta l  

Specific inpulse 

Yixture rat io. O/F 

Overboard propel 1 ant 
flaw rate, t o ta l  (1) 

Oxidizer flon rate, 
t o ta l  

'Fuel flow rate, t o ta l  

Propellant outage 

Oxiaizer temperature 

Fuel temerature 

Oxidizer tank pressure 

Fuel tank pressure 

Uni t r  

l b f .  

sec. 

uni ts 

I Wsec.  

1 ba/sec . 

: bm/sec. 

lbm 

OF 

OF 

psi  

PS i 

set. 

520,485 

302.07 

1.8986 

1723.06 

1131.23 

595.81 

1486 mean 
3375 max. 

80 

80 

34.7 

26.5 

147.8 

594.48 

400 (fuel ) 

NOTES: (1 ) Excludes autogenous pressurant flow. 

(2) Expected val ws are those used i n the f i n a l  p re f l igh t  targeted 
t ra jectory . 



TABLE 7-5 - TITAM STAGE I 1  ENGINE STEADY-STATE PERFOUHMCE - TC-3 

- 

Pariweter - 
Thrust, to ta l  

Specific impulse (1 ) 

Mixture ratio, O/F 

Overboard propel 1 ant 
flourate, total  (2) 

Oxidizer flowrate, total 

Fuel f lwrate,  to ta l  

Propel 1 ant outage 

Oxidizer temperature 

Fuel temperature 

Oxidizer tank pressure 

Fuel tank pressure 

FS1 t o  FS:, w 

2Q7.92 

115.41 

110 mean 
533 max. 

75 

77.5 

53.0 

56.4 

206.7 

205.94 

115.24 

E (oxidf zer) 

NOTES: (1) Excludes r o l l  nozzle thrust. 

(2) Excludes autogenous pressurant flow. 

(3) Expected values are those used i n  the f ina l  pref l ight  targeted 
trajectory. 



T i  tan Hydraul i c  Systen~ 

by T. W. Godwin 

Summary 

Performance of t he  hyd rau l i c  systems on Stage I and Stsge I I  was normal 
dur ing  p r e f l i g h t  checkout and the  boost phases o f  the TC-3 f l i g h t .  Stage 
I I ac tua to r  loads were cons iderab ly  below prev ious max irnums. There were 
no anonal ies .  

O i  scussion 

Performance data f o r  the  T i  tan hydraul  i c  systems a re  summarized i n  Table 
7-6a. Except f o r  Stage l i pressure, a l l  system parameters were nominal 
and w i t h i n  s p e c i f i c a t i o n  l i m i t s .  The e l e c t r i c  motor pump i n  each stage 
suppl ied normal hyd rau l i c  pressure f o r  the  f l i g h t  c o n t r o l  system t e s t s  per-  
formed dur ing  countdown. Hydrau l i c  r e s e r v o i r  l e v e l s  were w i t h i n  l i m i t s  
throughout the countdown and f l igh t .  Stage I hydraul  i c  pressure was normal. 
Stage I I  pressure was 65 p s i  below specYf icat ion.  Since t h i s  i s  w i t h i n  the 
three-sigma e r r o r  l i m i t  f o r  t h  ins t rumentat ion and te lemetry  (+ 100 p s i ) ,  
i t  may be 2 measuremnt e r r o r  r a the r  than a below spec i f i ca t ion -hydrau l i c  
pressure. 

Stage I ac tua to r  peak loads a t  engine s t a r t  were nominal and w e l l  w i t h i n  
the  fami l y  o f  T i t a n  data experience. Stage I I peak ac tua to r  loads a t  en- 
g ine  s t a r t  were comparable t o  those of  TC-4, i n  t h a t  they were o n l y  about 
one- th i rd  o f  tr le maximum loads experienced o~ prev ious TI  l l E  veh ic les  (TC-I 
and TC-2). Table 7-6b shows t he  maximum ac tua to r  loads encountered dur ing  
the engine s t a r t  t r acs i en t s .  Also shown f o r  comparison a re  the  TC-1/-2/-4 
maximums and the maximums f o r  a l l  T i t an  veh ic les .  



TABLE 7-6 - TITAN HYDRAULICS SYSTEM - TC-3 

a) System Pressure and Reservoir Levels 

I 1 Expected 
. Parameters I Units] Valws 
I I I 

Hydraulic 
Supply 
Pressure 

7 
Stage I 

, pr io r  t o  punp s t a r t  I 1 47 - 62 

b) Actuator Loads During Engine Star t  Transients 

Maximun a t  pump s t a r t  
Average steady state 

Reservoir 
Levels 

A t  maximun s t a r t  22 - 47 
pressure 

Average steady state 22 - 47 
Shu tdm minus 5 2 22 - 47 
seconds 

TI11 C/D/E - only f o r  Stage I 
+ Indicates Compression Load - Indicates Tensiot~ Load 

psig 
psig 

(1) Proof Pressure L imi t  
(2) Out of Tolerance - See Text 

Stage I Actuator Loads, Pounds Ftage I I Actuator Loads 

4500 (1) 
2900 - 3000 

, SIA Subassembly 812 Subassembly #1 .- 
Actuator Pitch Yaw-Roll Yaw-Rol 1 
Posit ion 1-1 2-1 3-1 

TC-3 (E..3) +lo9600 + 8,700 + 7,200 - 6,640 - 4,150 - 5.120 

TC- I / -~ / -~  + 8,300 +12,070 +I  2,450 
Max. - 9,270 - 5,530 - 4,980 

Ti tan Family* +14,100 +12,500 +15,400 
(Maximums) -15.400 -8.151 - 6,920 

Subassembl P3 e- Pitch 
4-1 

+12,800 
-18,780 

9,540 
-16.000 

+13,030 
-18,782 

1-2 

+ 2,750 - 690 

+9,700 - 890 

+14,4W - 8,750 

2-2 --- 

+ 4,460 
-1,020 

t9.750 - 7,900 

+9,750 
-11,184 

4 



Fl  i g h t  ;ontrcl - s and Sequencing System 

by E. S. J e r i s  

Summa r y 

The f l i g h t  con t ro l  system maintained veh i c l e  s tab i  l i t y  throughout powered 
f l i g h t .  A l l  open loop p i t c h  ra tes  and preprogramned events were issued as 
planned. No system o r  component anomalies occurred. Dump p rog ram ing  o f  
TVC i n j e ~ t a n t  f l u i d  was sa t i s f ac to r y .  

During Stage I f l i g h t ,  a low l eve l  r o l l  l i m i t  c yc l e  o s c i l l a t i o n  was observed. 
The o s c i l l a t i o n  occurred f o r  approximately 20 seconds a f t e r  SRM j e t t i s o n  w i t h  
a peak r a t e  o f  .48'/sec. and a peak displacement o f  -36". The o s c i l l a t i o n s  
reoccurred f o r  approximately 7 seconds p r i o r  t o  Stage I shutdown w i t h  approx- 
i n a t e l y  one-hal f  the  peak displacement and ra te .  Previous T l l l E  veh ic les  
d i d  not  e x h i b i t  t h i s  o s c i l l a t i o n ,  but i t  has occurred on other  T l l l E  vehic les.  
Cause i s  probably h igher  than u s u ~ l  (but not ou t  o f  spec) ac tua to r  deadband 
and/or non - l i nea r i t y .  There was no adverse a f f ec t  on veh i c l e  performance. 

Discuss ion 

Conmand vo l tage  t o  each SRM quadrant and the dynamic and s t a t i c  s t a b i l i t y  
1 im i t s  a re  shown i n  Figures 7-4 and 7-5. The s tab i  l i t y  l i m i t s  represent the 
TI l I E - 3  s ide  fo rce  cons t ra i n t  i n  terms of TVC system quadrant vol tage. Th is  
cons t ra i n t  i s  used i n  conjunct ion w i t h  launch day wind syn the t i c  veh i c l e  
s imulat ions as a gdno-go c r i t e r i o n  w i t h  respect i o  veh i c l e  s t a b i l i t y  and 
c o ~ t r o l  au tho r i t y .  S imulat ion responses s a t i s f y i n g  the cons t ra i n t  assures a 
three-sigma p r o b a b i l i t y  o f  acceptable con t ro l  a u t h o r i t y  and veh i c l e  s t a b i l i t y .  
Maximum command dur ing  Stage 0 f l i g h t  was 2.08 v o l t s  which i s  20.8% o f  the  
con t ro l  systen c a p a b i l i t y  and 29.?% o f  the dynamic s t a b i l i t y  l i m i t .  The peak 
command occurred a t  T + 7 seconds and was used f o r  the r o l l  t o  azimuth maneu- 
ver commanded by Centaur. 

For Stage 1 and I I ,  the con t ro l  system l i m i t  i s  the maximum gimbal angle as- 
sociated w i t h  the ac tua to r  stop. During Stage I f l i g h t ,  the peak gimbal 
angle requ i red  f o r  con t ro l  was .83O which i s  19% o f  the maxicum gimbal angle.  
The peak angle was used a t  guidance enable (T + 149 seconds) when Centaur 
sent a 2" p i t c h  up command. During Stage 1 1 ,  8.5' o r  25% o f  peak gimbal 
angle was the maximum gimbal angle requi red a t  CSS j e t t i s o n .  

The con t ro l  system response t o  veh i c l e  dynamics was evaluated fo r  each s i g n i f -  
icant  f l i g h t  event. The amplitude, frequency and dura t ion  o f  veh i c l e  t r ans ien t s ,  
and the con t ro l  system command c a p a b i l i t y  requi red i s  shown i n  Table 7-7. 
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Both f 1 ight programmers and the staging timer issued a1 1 preptogrammed 
discretes a t  the proper times. The Centaur sent four discretes to  the 
T i  tan a t  the proper times. The complete sequence o f  events wi th  actual 
and nominal times from SRH i g n i t i o n  i s  shown I n  Table 7-8. 
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T i t a n  E l e c t r i c a l l E l e c t r o n i c  Systems 

Sol i d  Rocket Motor E l e c t r i c a l  System 

by B. L. Beaton 

Summary 

For TC-3 t he  Sol i d  Rocket Motor (sRM) system was i d e n t i c a l  t o  t ha t  f lown on 
TC-1, TC-2 and TC-4. The SRM e l e c t r i c a l  system performance was sat  i s f a c t o r y  
w i t h  no anomalies. A l l  power requirements o f  the SRM e l e c t r i c a l  system were 
s a t i s f i e d .  

Discussion 

The SRM e l e c t r i c a l  system suppl ied the requirements o f  the dependent systems 
a t  normal vo l  tage leve ls .  The SRM e l e c t r i c a l  system performance i s  summarized 
i n  Table 7-9. 

The T i  tan core  t r a n s f e r  shunt ind icated 6.25 amps f o r  approximately 400 ms a t  
SRM i g n i t i o n .  Th is  cond i t i on  was experienced on TC-1, TC-2 and TC-4. I t  i s  
caused by a  shor t  from an SRM i g n i t e r  br idgewire p o s i t i v e  t o  s t r u c t u r e  and 
simultaneous sho r t i ng  from the  t r ans ien t  r e t u r n  t o  readiness r e t u r n  w i t h i n  
the i g n i t e r  safe and arm device. The t r a n  fe r  cu r ren t  dropped t o  zero simul-  
taneous w i t h  the removal o f  the cu r ren t  path wh n  the SRM umb i l i ca l s  were 
ejected. Th is  cond i t i on  had no adverse e f f e c t  on any a i rborne  system. 



TABLE 7-9 - SRM EI.ECTRICAL SYSTEM PERFORMAI~CE SUHMARY 

POWER ON 
l NTERNAL 

I I LIFTOFF 

TVC VOLTAGE 
I 

31.6 32.0 

A l  PS VOLTAGE I<; 
INSTRUHENTATIO 
REGUIATED BUS 
VOLTAGE I SRM-2 

SRH 
JETTl SON 



T i t a n  Core E l e c t r i c a l  Syscem 

by B. L. Beaton 

Summary 

The T i t a n  e l e c t r i c a l  system was i d e n t i c a l  t o  t h a t  f lown on TC-I, TC-2 and 
TC-4. The core  e l e c t r i c a l  system pel :?rrnance was s a t i s f a c t o r y  w i t h  no 
anomalies. A l l  power requirements o f  the  core e l e c t r i c a l  system were sa t -  
i s f i e d .  A l l  vo l tage and cu r ren t  measurements inaic&Led expected values. 
Some br:dgewi r e  short  ing ( a f t e r  i n i t i a t i o n )  was observed a t  every ordnance 
event . 

The T i t a n  core e l e c t r i c a l  system suppl ied the requirerrerits o f  .he dependent 
systems a t  normal vo l tage  and cdvrent l eve l s .  The T i t an  core c l e c t r i c a l  
system performance i s  summarized i n  Table 7-10. 

The 800 Hz squarewave output  o f  t h e  s t a t i c  inverter was 38.1 vo i  t s  dur;ng 
the e n t i r e  f l i g h t .  

The TPS bus vo l tage  was 35.9 v o l t s  d-c a t  TPS bus enable and 35.4 v o l t s  d-c 
a t  T i t a d c e n t a u r  s tag ing.  The bus vo l tage was 3 t o  4 v o l t s  h igher  than seen 
on TC-I and TC-2 due t o  the  topping a f f  charge a?p l ied  t o  the  TPS b a t t e r y  
a f t e r  a c t i v a t i o n .  

The T?S bus vo l tage  and pyrotechnic  f i r i n g  cu r ren ts  dur ing  ordnance events 
a re  summarized i n  Table 7-11. 

The t r ans fe r  cu r ren t  ind ica ted  6 . 2 4  amps a t  T-0 3s prev ious? y  discussed 
under SRM e l e c t r i c a l  system performance. The t r a n s f e r  cu r ren t  ind ica ted  
t h a t  dur ing  shor t  per iods o f  h i gh  cu r ren t  demand on the APS bus, the  IPS 
b a t t e r y  provided load shar ing.  Th is  occurred a t  TPS tnab le ,  Stage I engine 
s t a r t  and Stage 1 / 1 1  separatior,.  
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T i  t an  Ins t rumenta t  :on and Telemetry System 

by R. E. Orzechowski 

Dur ing t h e  TC-3 f l i g h t  a t c t a l  o f  i97  measurements were te lernetered by 
the  T ~ t a n  Remote M u l t i p l e x e d  I n s t r u ~ e n t a t i o n  System (RMIS). A summary 
o f  t h e  t ype  o f  neasurenent; a g a i n s t  t h e  systems i n  wh ich  they  were mon- 
i to red  i s  g i ven  i n  Table 7-12. O f  :hese 197 measurements, a1 1 b u t  5 
p e r f o r ~ e d  w i t h o u t  any a n o x l i e s .  

The f o ?  l cw i  ng acce le rone te r  neasurenents exh i  b i  t ed  a lmost  cont inuous 
h i g h  a n p l i t u d e ,  low f requenry  sp i kes  d u r i n g  Stage I engine o p e r a t i o n .  

1549 O x i d i z e r  Punp 4cce l .  SA-! 
1550 O x i d i z e r  Discharge L i n e  Accel.  SA-1 
1552 3 x i d i z e r  Punp Accel . 54-2 
155; O x i d i z e r  Discharge L i n e  Accel .  S A - 2  

A1 l the  above anomal i es  were a t t r i b u t e d  t 3  t h e  acce l  e rone te rs  5e ing sen- 
s i t i v e  t o  h i g h  f requenry  i n p u t s  wh ich  produce low f requency ou tpu ts .  The 
data  f rom these acce i  .rorneters i s  o n l y  p a r t i a l l y  usab le .  

Measurement 2306, Stage I L o n g i t u d i n a l  Accelerometer,  e x h i b i t e d  e r r a t i c  
ou tpu t  ~ h r o u g h o u t  the  f l i g h t .  The ou tpu t  was a t tenua ted  and had a  l e v e l  
s h i f t  a t  T  + 232 seconds. The r e q u i r e d  data  was prov ided by a s i m i l a r  ac-  
c e l  erometer on  Stage l i . 

Adequate t e l e m e t r y  coverage o f  t h e  T i t a n  v e h i c l e  was prov ideo f rom l i f t -  
o f f  t o  beycnd T i t a d c e n t a u r  separa t i on .  A summary o f  t h e  p r e d i c t e d  data  
coverage a g a i n s t  a c t u a l  da ta  coverage o f  t k  T i t a n  t e l e m e t r y  l i n k  i s  
g iven i q  Table 7 -13 .  
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F l  i gh t  Terminat ion System 

by R. E. Orzechowski 

The T i  tan f l igh t  terminat ion system performance was nominal throughout 
the f l i g h t .  Monitor ing o f  the receiver AGC voltages by telemetry i 7 d i -  
cated tha t  s u f f i c i e n t  signal was present throughout the powered f l i g h t  
t o  assure tha t  any destruct  o r  engine shutdown comnands would have been 
proper ly  executed. A safe command was sent by the Range from Antigua 
a t  1849:242. A l i s t  o f  s t a t i o n  switching times i s  given i n  Table 7- 
14. 

The Range Safety Command bat te ry  voltages were 32.7 v o l t s  d-c a t  l i f t -  
o f f  and remained steady throughout the f l i g h t .  The commands from the 
f l i g h t  programTer t o  safe the Stage I and two SRM Inadvertent Separation 
Destruct Systems (ISDS) were issued a t  t h e i r  expected times. The f l  i g h t  
programmer a lso  issued the command t o  safe the Destruct l n i  t ia to r  on 
Stage I I  p r i o r  t o  the OItan/Centaur separation. 
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V l l l  CENTAUR D-IT SYSTEMS ANALYSIS 

Mechanical Systems - 
Airf rame S t r u c t u r e s  

by R .  T. B a r r e t t  and R .  C .  Edwards 

Summary 

The Centaur D-lT s t r u c t u r a l  c o n f i g u r a t i o n  f o r  t he  TC-: ~ ~ h i c l e  was s i m i l a r  
t o  t h e  TC-1 v e h i c l e .  The I S A  s a t i s f a c t o r i l y  t r a n s f e r r e d  a l l  Centaur and 
C S S  l oad ings  o n t o  the T i  t a n  s k i r t  s t r u c t u r e .  The ISA forward  r i n g  was com- 
p l e t e l  y severed a t  T i  t a d c e n t a u r  s t a g i n g  and t h e  v e h i c l e s  sepavated a t  a  
cons tan t  a c c e l e r a t i o n .  

The u l  l age  pressures  i n  t h e  Centaur p rope l  l a n t  compartments were w i t h i n  
p resc r ibed  l im. t s .  Suf f  i c i e n t  p ressu re  was ma i n t a  inec! t o  prevent  buck1 i ng 
and maximum pressures  d i d  no t  exceed b u r s t  l i m i t s  o f  t he  tank  s t r u c t u r e .  

Discuss ion  

I n t e r s t a g e  Adapter: T i t a d c e n t a u r  s e p a r a t i o n  occu r red  a t  T  + 473.254 sec- 
onds. i n i t i a l  mo t ion  was a t  approx imate ly  T  + 473.4 seconds. The i n t e r -  
s tage adcpter  c l e a r e d  t h e  Centaur v e h i c l e  1 .92 seconds a f t e r  separa t i on .  
The 15 - too t  extensiometer (yo-yo) between t h e  I S A  and the  Centauc i n d i c a t e d  
a  snoath normal separa t i on  (F igu re  8 -1 ) .  

Centaur Tank: The l i q u i d  hydrogen tank pressure  was always l e s s  than the  
msximum a x w a b l c  pressure  o f  29.2 p s i d .  

S u f f i c i e n t  p ressure  was main ta ined i n  t h e  l i q u i d  hydrogen tank t o  prevent  
compressive b u c k l i n g  o f  t h e  p -essu re  s t a b i l i z e d  tank s k i n  f o r  a ; l  p e r i o d s  
o f  f l i g h t .  Dur ing  t h e  c r i t i c , ~ l  compressive l oad ing  a t  l i f t - o f f ,  t h e  pres-  
sure  was 23.9 p s i a .  The hydr%:gen tank pressure  d u r i n g  the  aerodynamic phase 
o f  f l i g h t  (T  + 10 t o  T + 90 seconds) was s i m i l a r  t o  p rev ious  T i tan /Centaur  
f l  i q h t s  and prov ided  s u f f i c i e ~ l t  compressive s t r e n g t h .  

The l i q u i d  oxygen tank p ressu ,e  was w i t h i n  t h e  s t r u c t u r a l  l i m i t s  f o r  a l l  
pe r iods  o f  f l  i g h t .  

The d i f f e r e n t i a l  p ressure  across the  i n te rmed ia te  bulkhead a i d  n o t  exceed 
the  s t r u c t u r a l  l i m i t  o f  23.0 i ~ s i .  As requ i red ,  t ? e  oxygen tank pressdre  was 

- 
always g r e a t e r  than the  hydro!en tank  pressure .  

The 1 i q u i d  hydrogen and oxygerl tank u l  l age pressure  t i m e  h i s t o r i e s  a r e  1 i s t e d  
i n  the  Centaur D-IT pneumatic!, sec t  i on  o f  t h i s  r e p o r t .  See F igu res  8-3.1, 
8-3.2 and 8 - 3 . 3 .  

. ?i 74 . 





Centaur Main P ropu ls ion  

by W. K. Tabata 

Centaur main p r o p u l s i o n  pre launch o p e r a t i o n s  were normal .  Engine performance 
i n  f l i g h t  was normal and s teady -s ta te  performance agreed w e l l  w i t h  eng ine ac-  
ceptance t e s t  values.  No anomalies o u t s i d e  o f  p rev ious  Centaur f l i g h t  e x p e r i -  
ence were encountered . 

Discuss ion 

L i q u i d  Hel ium P r e c h i l l :  L i q u i d  he l i um p r e c h i l l  o f  the  main engine f u e l  pumps 
(Table 8-1) was s a t i s f a c t o r y .  The C - 1  and C-2 eng ine f u e l  pump housing tem- 
pe ra tu res  CP60T and CP62T were he lo.^ t h e  l C O O R  red1 ine  from T-20 minutes u n t i  1 
1 i f t o f f  on both  engines.  A t  l i f t o f f ,  CP60T and CP62T were 60°R and 68OR, r e -  
spect  i v e l y .  

F i r s t - B u r n :  F i r s t - b u r n  p r e s t a r t ,  s t a r t  t r a n s i e n t ,  s teady -s ta te  and shutdown 
t r a n s i e n t s  were norwal .  C - 1  and C-2 fue l  and o x i d i z e r  pump housing tempera- 
t u r e s  a t  t h e  beg inn ing o f  f i r s t - b u r n  p r e s t a r t  were as expected (Table 8-2) .  
The pump housing temperature probes were s low i n  responding t o  pump cooldown 
d u r i n g  p r e s t a r t ,  bu t  t h i s  i s  a c h a r a c t e r i s t i c  o f  t he  temperature probe p r e -  
v i o u s l  y exper ienced i n  f l  i g h t .  

A c c e l e r a t i o n  t ime  (MES t o  90% s teady -s ta te  chamber p ressu re )  was 1.32 seconds 
f o r  b o t h  the  C - l  and C-2 eng i res .  

S teady-s ta te  engine parameters, measured a t  M E S  41 + 110 seconds a r e  compared 
t o  acceptance t e s t  values i n  Tables 8-3 and 8-4. The comparison i s  exce l  l e n t .  
Ac tua l  f i r s t - b u r n  t i n ? *  was 1251.3 seconds. (P red ic ted  burn t ime was 128.3 sec- 
onds).  F i r s t - b u r n  shutdown t r a n s i e n t s  were normal. 

Second-Burn: Thc: second-burn p r e s t a r t  was normal . Engine pJmp 
tu rec  - m e  8-2) were as  expected a t  t h e  beg inn ing o f  p r e s t a r t  
housir  g temperature probes aga in  exh i  b i t e d  s low response. 

housing temrjera- 
. A 1  1 pimp 

Secocd-burn s t a r t  t r a n s i e n t s  were normai. The eng ine a c c e l e r a t  
C - 1  and C-2 engines were bo th  1.40 seconds. 

ion  t imes f o r  

S teady-s ta te  performance i s  l i s t e d  i n  Tables 8-3 and 8-4 and compzrison to 
acceptance t e s t  i s  e x c e l l e n t .  Ac tua l  second-burn t ime  was 302.0 seconds. 
(Pred i c t e d  bu rn  t i m 2  was 306.2 seconds) . Second-burn shutdown t r a n s i e n t s  
r,ere norma 1 . 



TABLE 8-1 - TC-3 PRELAUNCH THERMAL CONDITIONING OF RLlO ENGINES 

a) Time to Liquid Indication a t  Punp In le ts  

TIWE FROM START OF TANKING UNTIL 
LIQUID INDICATION AT ENGINE PUMP 

l NLETS 
UNlTS LAUNCH 

MEAS. 
NUMBER 

I Oxidizer Pumps I 
DESCR l PTlON 

Fuel Pumps 

CP6OT C-1 Pump LH2 In le t  Minutes 7-3  6.8 

CP62T C-2 Pump LH2 In le t  Hinutes 7.0 . 6.7 -- 

CP59T 

CP61T 

b) Liquid He1 ium Chilldown of Engine Fuel Punps 

C-1 Pump LOX In le t  

C-2 Pump LOX In le t  

h 

MEAS. 
NUMBER 

CP122T 

CP123T 
v 

Hlnutes 

Minutes 

DESCRIPTION 

C-1  Engine Fuel r v m p  

C-2 Engine Fuel Pump 

8.4 

8.9 

7.2 

7.8 

UN l TS 

Minutes 

Minutes 

TIHE FROM START OF LHe CHILLDOWN 
UNTIL FUEL lNLET PUMP 

Y~--- TEHPERATURE = 360°F 

TC D 

2 2.5 

12..) - 

LAUNCH . 

9-7 --- - 
10.6 . 
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TABLE 8-4 - TC-3 CENTAUR Mlt4 PROPULSION PERFOR.W!.CE 

NOTE: '1 ight performance calculated by P&WA C* i t e ra t i on  computer ,Jrogram 

PARAHETER - 
C-1 Thrust, pound. 

C-2 Thrust, pounds 

C-1 Hixture Ratio, O/F 

C-2 Fixture Rat:o, O/F 

- 
P&WA 

ACCEPT. TEST 

14,997 

15,012 

5.02 

4-99 

C-1 Specific Impulse, seconds 441 -6 

C-2 Specific Impulse, seconds 442.0 

F IRST BURN 
HES if1 

+ 100 SEC. 

14,977 

15,026 

4.98 

4.98 

SECOND 
BURN 

HECO $2 

14,919 

14.959 

4.91 

4.90 

441.8 

442.0 

442.0 

442.3 

--- 



Centaur Hydraul ic System 

by T. W. Godwin 

Centaur hydraul i c  system performance was normal throughout the TC-3 f 1 igh t .  
'Se r e c i r c u l a t i o n  pumps functioned proper ly  p r i o r  t o  engine s t a r t s  and dur ing 
the blowdmc maneLver. There were no anomal ies, but an unusual ab?c=mt o f  
szeer ing correct icns were noted f o l  lod ing guidance enable a f t e r  ME5 #I. 

Discuss ion 

System pressures and temperatures are  presented i n  Table 8-5. A l l  parameters 
were normal throughout the countdown arid f l iglr t  . A maxi mu^ temperature o f  
166'F was noted on the manifolds j u s t  p r i o r  t o  MECO k'2. The r e c i r c u l a t i o n  
pumps functioned normally when commanded ON p r i o r  t o  MES #l, MES #2 and dur ing 
the blowdown maneuver. There were no system anomal ies. 

Fol lowing guidance enable a f t e r  T i  t adcen tau r  separation and MES # I ,  e igh t  max- 
imum v e l o c i t y  cycles were observed on the yaw/rol; actuators. The p i t c h  actu- 
a to rs  cycled four times a t  less than maximum ve loc i ty ,  f o l  lowed by s i x  mavimum 
v e l o c i t y  cycles. This amount o f  i n i t i a l  s teer ing  cor rec t ion  was less than tha t  
experienced on TC-4 but greater than the four o r  f i v e  cycles usua l ly  observed. 
These unusual l y  severe steer ing commands are  a t t r i b u t e d  t o  a 15' t i l t  o f  the 
Centaur veh i c le  a f t e r  separation and a software l i m i t a t i o n  o f  the maximum gim- 
bal angle t o  + 2'. The i n i t i a l  t i l t  of  the TC-3 veh ic le  was less than tha t  
of TC-4, whic;>ccounts f o r  the somewhat less severe cyc i  ing  o f  the TC-3 
-.ee;-ing system, During these short  periods of  maximum demand, the hydraul i c  
kt essure dropped t o  300 psia, f o l  l w e d  by an immediate recoverv t o  normal sys- 
tem pressure. This cha rac te r i s t i c  i s  normal. Actuat.or respt.lse das a lso  
norma 1. 



TABLE 8-5 - CENTAUR HYDRAULICS SYSTEM - TC-3 

Seawnce ;light I Paramters 

Count Max. during count I 

1 Prior  t o  rec i rc .  on 

F i r s t  
Burn 

Pr ior  t o  rec i rc .  on 

Recirc. motors on 

MES - 1 

MECO - 1 

1 1 Recirc. motors on 

Second 
Burn 

Slowdown 1 Recirc. m t w s  o f f  

Recirc. motors on 

MES - 2 

Hydraul i c  Pressure, psia 
Expected I LH I r I LH dr 

(approx. ) Engine +t 
C-2 

Engine 

135 

11 23 

11 25 

127 

11 32 

1125 

120 

120 

Manifold Temo. 

Expected 
Val ues 

180 lmx. 

180 max. 

II 

1) 

II 

180 mix. 

II 

ll 

I@ 

180 max. 

II 

m 
C-1 

Engine 

11 1 

65 

65 

67 

110 

88 

a8 

89 

66 

1 i!4 

11 5 
- 

OF 
rn 
C-2 

Engi nc -- 

111 

58 

58 

60 

1 08 

87 

87 

88 

166 

127 

113 



Centaur Pneumatics 

by R. A. Corso and R. F. Lacovic 

Sumnary 

The pneumatic system performed s a t i s f a c t c r y  throughout the TC-3 f l i g h t .  
The tank pressures and propuls ion pneumatic c o n t r o l  pressures were s a t i s -  
factory.  The LH2 tank pressure a t  l i f t o f f  was 23.9 ps ia  which was w i t h i n  
the a l lowab le  l i m i t s  o f  23.1 t o  24.9 ps ia .  There was no evidence of  LO2 
tank pressure o s c i  l l a t  ions du r i ng  second burn p ressur i  t a t  ion  as was ex- 
per i enced on TC-4. 

D i scuss ion 

Conf i u r a t  ion: The Centaur pneumat ;c system which i s  shown schemat i c a l  l y + I n  F ~ g u r e  2 was the same as TC-4 except f o r  the a d d i t i o n  o f  the  zero-g 
purge. The purge i n  i t  i a t e s  downstream o f  t he  engine con t ro l  regu i a t o r  and 
provides a low f l ow  purge t o  the  LOX :ank standpipe, pressure sense l i n e  
and the hydrogen tank p ressur iza t ion  l ine. The zero-g purge was i n s t a l  l ed  
as a r e s u l t  of  the  TC-4 anomaly t o  prevent l i q u i d  from en te r i ng  the LOX 
tank pressu;e sense 1 ine. On TC-4 l i q u i d  entered the sense l ine  and pres- 
sure o s c i l l a t i o n s  developed which switched the  p ressu r i za t i on  system over 
t o  the  backup system. 

Propel lant  Tank Pressur iza t ion  and ' lent ing: Performance data f o r  the pneu- 
mat ic  system dur ing  the  f l i g h t  a re  summartzed i n  Table 8-6 and a t ime h i s t o r y  
o f  the p rope l lan t  tank u l l a g e  pressures dur ing  the  f l i g h t  i s  shown i n  Figures 
8-3.1, 8-3.2 and 8-3.3. P r i o r  t o  lockup, the  hydrogen tank pressure was 20.9 
psia.  The operat ing band o f  the  pr imary hydrogen vent va lve  i s  19 t o  21.5 
ps ia .  At T-27.2 seconds, the pr imary hydrogen vent  vb lve  was comnanded t o  
the locked mode and the  tank pressure was a l  lowed t o  r i s e  i n  o rder  t o  s a t i s f y  
the tank s t r u c t u r a l  s t reng th  requirements du r i ng  l i f t o f f  and dur ing  the sub- 
sonic p o r t i o n  o f  the f l i g h t .  

A t  l i f t o f f  the minimum pressure requirement was 23.1 ps ia .  A maximum l i f t -  
o f f  pressure o f  24.9 ps ia  had a l s o  been estab l  ished i n  order  t o  prec lude the 
p o s s i b i l i t y  o f  vent ing hydrogen gas overboard before e i g h t  seconds i n t o  the 
f l  i gh t .  

From the  t ime o f  vent va lve lockup u n t i l  T-8 secon8s, the  tank pressure was 
mcnitored by the  computer con t ro l  led vent and p ressur iza t  . . j . i  cvscem CCCVAPS), 
which ra l cu la ted  the pressure r i s e  r a t e  and p red ic ted  t h e  tank pressure a t  
i i f t o f f .  I f  the CCVAPS p r e d i c t i o n  had not  f a l l e n  w i t L l i n  the es tab l i shed  
l i m i t s  (23.1 - 24.9 p s i a j ,  an automatic launch abc6-c would have sen i n i t i -  
ated. A t  T-8 seconds the  CCVAPS p red ic ted  presr Are a t  l i f t o f f  was 24.15 
psia.  The ac tua l  1 i f t o f f  pressure was 23.91: 2s ia .  A f t e r  the f i n a l  l i f t o f f  
pressure check a t  T-8 seconds, the C C V A r S  xas deact ivated u r C  s t a r t  o f  
tank p r t s s u r i z a t i o n  f o r  the f i r s t  main engine s t a r t  sequence 













During the  boost phase the  tank pressure increased t o  a maximum o f  24.9 ps ia .  
A t  T + 90 seconds the  pr imary hydrogen vent va lve  was unlocked a l l ow ing  the 
tank  pressure t o  decay t o  t he  pr imary vent va lve  opera t ing  range. The tank 
pressure was c o n t r o l  l e d  by the vent va lve  u n t i l  commanded t o  the locked mode 
f o r  the  s t a r t  o f  tank p ressu r i za t i on  f o r  the  f i r s t  main engine s t a r t .  Opera- 
t i o n  o f  the  vent va l ve  was sa t  i s f a c t o r y  a l though the  tank pressure momentari I y 
dipped 0.2 p s i  below i t s  lower l i m i t  o f  19.0 p s i  
phenomena has occurred on p r i o r  f l i g h t s  and may 
response t ime i n  a hard vacuum. Ground t e s t i n g  
pressures wL ?n the  va lve  vents t o  low pressures 

a on two occasions. Th is  
be a t t r i b u t e d  t o  vent va lve  
a l s o  I nd i ca tes  lower reseat 

The oxygen tank pressure a t  l i f t o f f  was 30.7 ps ia .  Dur ing t he  boost phase 
the  oxygen tank ver,t va lve r e l i e v e d  and cycled, ma in ta in ing  the  tank pressure 
between 29 and 32 ps ia .  A t  Stages 0, I  and I I  burnout and shutdown the reduc- 
t i o n  i n  v e h i c l e  acce le ra t i on  caused an increase i n  the l i q u i d  oxygen b o i l o f f  
and consequent:y increased tank pressure and vent va l ve  a c t i v i t y .  

A t  T + 439.2 seconds, both hydrogen vent va lves and t he  oxygen vent va lve  
were act !vated t o  t he  locked mode, and tank p ressu r i za t i on  f o r  the  f i r s t  
main engine s t a r t  sequence was i n i t i a t e d .  CCVAPS c o n t r o l l e d  tank pressures 
t o  pred'terminzd increases over t he  pressu es a t  the  s t a r t  o f  p ressu r i za t i on .  
These imxeases i n  bo th  tanks were based upon tank s t r u c t u r a l  l i m i t s  and 
boost pJmp ne t  p o s i t i v e  suc t ion  pressure requirements. The hydrogen tank 
presstare was increased from 20.3 t o  25.5 ps ia ;  maximum pressure a l  lowable 
was 27.0 psia.  The t ank  pressure a t  main engine s t a r t  (MES I )  was 25.7 
ps ia .  The oxygen tank pressure was increased from 30.6 t o  38.4 ps ia ;  maxi- 
mum a l  lowable pressure was 40.0 ps ia .  The tank pressure a t  MES I was 37.8 
psia.  A d iscuss ion o f  t he  CCVAPS sof tware and performance i s  presented i n  
the  CCVAPS sec t ion  o f  t h i s  r epo r t .  

A t  T + 483.6 seconds Centaur MES I  was i n i t i a t e d .  The pressures i n  both 
tanks dropped r a p i d l y  a t  f i r s t  and then decayed g radua l l y  u n t i l  f i r s t  main 
engine cu to f f  (MECO I) a t  T + 413 seconds. The pressure i n  the hydrogen tanh 
a t  MECO I was 18.3 ps i a  w h i l e  t h a t  i n  the  oxygen tank was 29.9 ps i a .  During 
the  coast phase a f t e r  MECO I, the  pressures i n  t he  oxygen tank and hydrogen 
tank increased t o  32.1 and 19.8 ps ia ,  respec t i ve ly ,  a t  the  beginnins o f  tank 
p ressu r i za t i on  f o r  second main engine s t a r t  (MES I  I  ) . 
A t  T + 1668 seconds the tank p ressu r i za t i on  f o r  MES I  I was i n i t i a t e d  and con- 
t r o l  l ed  by CCVAPS. The hydrogen rank pressure was increased from 19.8 t o  
23.2 ps ia ;  maximun tank pressure was 23.4 ps ia .  The oxygen tank pressure 
was increased from 32.1 t o  35.6 ps ia ,  maximum pressure was 36.1 ps ia .  Again, 
the tank pressures dropped r a p i d l y  a t  f i r s t  and then graducl 1 y un t  i 1 MECO I  I ,  
a t  which t ime the LO2 pressure was 25.6 ps i a  and the LH tank pressure was f 13 ps ia .  A f t e r  MECO I I both tank pressures increased s i g h t l y .  T i e  oxygen 
tank hss pressur ized a t  MECO I 1  + I C  seconds f o r  e i g h t  seconds inc reas ing  
the  pressure 1.2 ps id .  



He1 ium Stor,ige and Con~urr~pt ion:  The he1 ium stored i n  one 7365 cub ic  inch 
b o t t l e  w;.,s<sed t o  p ressur i ze  the  propel  l a n t  tanks dur ing  engine s t a r t  
sequevces, t o  operate  the engine c o n t r o l  valves,  t o  p r e s h r  i i e  t he  H2-2 
b o t t  ;e ar,d t o  prov ide purges t o  va- ious components on the  Centaur. T .e 
amount o f  hel ium consumed dur ing  the f l i g h t  through post-MEM l i  oxygen 
tank pressur :zar ion i s  summarized i n  Table 8-7. I t  should be noted t h a t  
the  anount ~f he1 ium used dur ing  engine s t a r t  sequences includes usage 
f o r  tank p ressur i za t ion ,  p ressu r i za t i on  o f  :he H202 b o t t l e  and zerc-g 
purges. 

"repulsion Pneumatics: The engine con t ro l  and a t t i t u d e  con t ro l  r egu la to r s  
ha in ta ined  proper system pressure l eve l s  from p ressu r i za t i on  o f  t he  hel ium 
b o t t l e s  through retromaneuver. The engine c o n t r o l s  regu la to r  ou tpu t  pres- 
sure 5 :  i i f t o f f  was 444.6 ps i g  (a l lowable l i w i t s  a re  440 t o  479 p s i g ) ,  
wh i l e  t h a t  o f  the  Hz02 b o t t l e  oressure r egu la to r  was 309.7 ps i g  (a1 lowable 
l i m i t s  a re  297-316 ps i g ) .  A t  the end o f  the a v a i l a b l e  data, T  + 3050 srx-  
onds, the engine c o n t r o l s  r egu la to r  had d r i f t e d  up t o  468.1 ps ig .  1-hc a t -  
t i t u d e  c o n t r o l s  r egu la to r  remained r e l a t i v e l y  s tab led a t  309.7 ps ig .  

Helium Purge: Throu~hout  the launch countdown, the ground system suppl ied 
a  he1 ium g= purge t o  the forward and a f t  ends o f  the  veh i c l e .  The ?as 
was used t o  purge the  hydrogen tank/shroud annul us, the des t ruc t  package 
and several  p ropu is ion  system components. The purge was requ i red  t o  main- 
t a i n  enough pressure d i f f e r e n t i a l  across the shroud a f t e r  cryogenic tank ing 
t o  prevent ground wind in f low.  For the  launch day wind cond i t i ons  o f  approx- 
imate ly  5 knots,  a  minimum d i f f e r e n t i a l  pressure o f  0.045 ps id ,  was reqd i red .  
Minimup pressure dur ing  hydrogen tank ing was 0.125 ps id .  A t  l i f t o f f  the pres- 
sure was 0.34 ps id .  

Computer Contro: l ed  Vent and Pressur i za t ion  System (CCVAPS) : For the LH2 tank 
1 i f t o f f  pressure check CCVAPS pred ic ted  a  tank pressure a t  T-q o r  24.15 ps ia  
as compared w i t h  the  ac tua l  value o f  23.94 ps ia .  Tn is  pressure was we1 1 w i t h -  
i n  the requ i red  l i f t o f f  pressure gate o f  23.1 t o  24.9 ps ia .  The LH2 tank 
pressure h i s t o r y  from LE vent va lve  lockup a t  T-27.68 through the  LH2 tank 2 
vent a t  T  + 90 i s  shown I n  F igure 8-b. This pressure h i s t o r y  was normal and 
comparable t o  previous TC f l i g h t  experience. 

During the pre-HES 1 and pre-MES 2  tank p ressur i za t ions  CCVAPS c o n t r o l l e d  the 
tank pressures t o  w i t h i n  the requi red opera t ing  ranqes and con t ro l  c r i t e r i a .  
The pre-MES 1 and pre-MES 2  tank pressure h i s t o r i e s  are shown i n  Figures 8-5 
and 8-6, respec t i ve ly .  The CCVAPS p ressu r i za t i on  c o n t r o l  parameters a rc  sum- 
marized i n  Table 8-8. The LO tank pre-MES 2 pressure o s c i l l a t i o n  anomaly 
which was observed on TC-4 d i  3 not  occur on TC-3. Tke i n s t a l l a t i o n  o f  the 
LO2 tank pressure sense l i n e  purqe apparent ly  e l im ina ted  t h ;  problem. 

CCVAPS d i d  nDt enable a  vent ing o f  e i t h e r  p rope l l an t  tan6 du. ing  the c o r ~ s t  
s ince the tat.-.  :ressures were w e l l  below the tank vent i n i t i a t i o n  c r i  t c r i a  
as summarizea I n  Table 8-9. 



TABLC 8-7 - SUtWARY OF HELIUM USAGF, TC-3 - --- 

Predicted 
Usage, Lbs. 

Actual 
Usage, Lbs. 

He Remaining, 
Lbs. F l  ight Event -- - 

Bott le Storage Prior  t o  L i f t o f f  

HES 1 Pressurization 

F i r s t  Burn & Coast 

HES I I Pressur izat  ion 

Second Burn & ;'ost-HECO I I 
Pressurizatioa o f  LO2 Tank 





F l GURE 8-5 - TANK PRESSURE H I  STOR I F: DUR I f lG F I 351  PRESSUE l ZAT l ON 



I 

FIGURE 8-6 - TANK PRESSURE H I S T O R I E S  Db, \ ING SECOND PRESSURIZAt ' ION 
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Centaur Prope l l a n t  Feed and React 

by K. W. Baud 

Summary 

ion Control Systems 

Performance o f  the TC-3 Centaur propel lant  feed and react ion cont ro l  systems 
was sat isfactory. No anomalies were detected during e i t h e r  the countdown o r  
subsequent launch. Usable peroxide residual a t  s t a r t  o f  the deplet ion experi-  
ment was 203 pounds. Actual t ime required t o  deplete the residual peroxide 
was 1368 seconds versus a predicted time o f  1238 seconds. The deplet ion time 
d i f fe rence (130 seconds) was equivalent t o  21.3 pounds o f  peroxide. 

Discuss ion 

Propel lant Feed System: The a b i l i t y  o f  the boost pumps t o  ro ta te  under cryo- 
genic condit ions was demonstrated during the countdown by successful completion 
of the  GN2 spin t e s t  a t  T-45 minutes. Results o f  the t e s t  a re  presented i n  
Table 8-10 and a lso  compared w i t h  previous vehic le test ing.  

The boost pumps operated normally during both burns. A summary of the perform- 
ance i s  presented i n  Table 8-11. Turbine i n l e t  pressure r i s e  occurred w i t h i n  2 
seconds o f  the  peroxide feed valve opening fo r  both burns. M i n x  f luctuat ions 
i n  the turb ine i n l e t  pressures during the f i r s t  few seconds o f  second burn oper- 
a t i on  indicsted n small amount o f  gas entrainment w i t h  the peroxide flow. The 
l i q u i d  hydrogen turb ine pressure f luctuated f o r  7 seconds and the l i q u i d  oxygen 
f o r  I S  seconds. The turb ines accelerated smoothly and operated w i th in  the ex- 
pected speed range; corresponding pump headr i se was a1 so normal . 
turb ine i n l e t  pressure was s l  i g h t l y  lower than expected but was apparent The LHf y due 
t o  instrumentation inaccuracy since the speed and headrise were normal. 

Fol lowing MECO #2, the LO2 boost pump accelerated t o  55,900 RPM and the LHZ 
boost pump accelerated t o  54,600 RPM due t o  the combined ef fect  of pumping ces- 
sat ion and purging o f  residual peroxide through the turb ine ca ta l ys t  beds. The 
maximum possible turb ine speed predicted by analys is  and tes ts  was 68,000 RPM. 

A summary o f  propel l an t  feed system temperature data i s  presented 
A1 1 temperatures were w i t h  i n  expected values. 

i n  Table 8-12. 

Reaction Control System: Component temperatures were maintained w i t h i n  expected 
ranges during the prelaunch countdown and f l i g h t .  A summary o f  temperatures a t  
selected times i s  presented i n  Table 8-13. 

Programmed 20 second f i r i n g s  of the S2A, Y I ,  Y2 and 526 thrusters t o  prime the 
peroxide supply 1 ines during the boost phase was v e r i f i e d  by the response o f  
thermocouples located on the thrusters.  S i m i  l a r l y ,  the thermocouple response 
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v e r i f i e d  the programmed 10 second warming f i r i n g  o f  a l l  P and Y thrusters 
p r i o r  t o  MECO #2 and a l l  s e t t l i n g  engine operat ing modes except for  the 2 
S-on mode during the s e t t l e d  coast. Switching from the 4 S-on mode t o  the 
2 S-on mode a t  MECO #I plus 250 seconds was not confirmed due t o  l a w  o f  
telemetry coverage. 

The DCU computed hydrogen peroxide consumption a t  the s t a r t  of the peroxide 
deplet ion experiment was 191.5 pounds. The p r e f l i g h t  predicted value was 
191.1 pounds. A t o t a l  o f  398.5 pounds was loaded f o r  f l i g h t  o f  which 4.4 
pounds were unusable. Thus, the predicted usable peroxide a t  s t a r t  o f  the 
deplet ion experiment was 203 pounds. The predicted time t o  deplete the 
res idual  peroxide was 1238 seconds. Based on the s e t t l  ing engine tempera- 
tu re  data, actual deplet ion t ime was 1368 seconds. The 130 seconds d i f f e r -  
ence was equivalent t o  21.3 pounds o f  peroxide. 

Two instrumentat ion anoml ies were noted. The 1 iqu i d  hydrogen boost pump 
peroxide feed 1 ine temperature measurement (CP 833T) exh i b i  ted temperature 
var ia t ions  i nd i ca t i ve  o f  local  environment rather  than t rue  1 ine tempera- 
ture. Excessive bonding adhesive between the temperature patch and the 
tube most 1 i ke l y  cahsed the anomalous response. The S2A s e t t l i n g  engine 
temperature measuremen (CP 691T) a1 so exhibi  ted an abrupt 10 percent de- 
crease o f  67.63 minutes f t e r  1 i f t o f f  and anothsr abrupt 2 percent increase 

the shield. 

'*: 91.2 minutes a f t e r  1 i f tq  f.  The CP 691T anomaly has been a t t r i b u t e d  t o  s ig -  
nal at tenuat ion due to  /a low impedance path from the thermocouple w i re  t o  

,/' 



Environmental Control  and Thermodynamics 

by R. F. Lacovic and R. A. Corso 

Summary 

The environmental con t ro l  system ma in ta ined  proper thermal cond i t i on i ng  i n  
a l l  compartments and a l l  component temperatures were maintained we l l  w i t h -  
i n  qua1 i f  i c a t i o n  l i m i t s  dur ing  bo th  prelaunch and f l  i g h t .  A l l  o f  the TC-3 
temperature data was very comparable t o  prev ious T/C temperature da ta  ex- 
cept f o r  measurement CP833f (LH2 B/P i n l e t  1 ine) which apparent1 y became 
disbonded a t  l i f t o f f .  

Discuss ion 

Temperature survey data from 1 i f t c f  f through spacecraf t  separat ion a r e  sum- 
marized i n  Tables 8-14 through 8-18 f o r  thc  Centaur a i r f rame and mechanical 
systems. Temperature data from o ther  T/C f l igthts a re  a l  so 1 i s t e d  i n  the 
tab les  f o r  comparison. There i s  good agreement i n  a l l  o f  the  temperature 
data except f o r  measurement CP833T ( L H ~  B/P i n l e t  1 ine) which behaved l i ke 
a d i sborded t.!wrmocoupl e. A1 l TC-3 equipment 2nd component temperatures 
remained w e l l  w i t h i n  t h e i r  opera t iona l  l i m i t s  3-d no s i g n i f i c a n t  dev ia t i ons  
o r  anomalous behavior was observed. 
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TABLE 8- 1 5 - SUMMARY COMPAR l SON OF TEMPERATURE DATA 
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TABLE - 8-1 6 - SUMMARY COMPARISON OF TEMPERATURE DATA 
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TABLE 8-17 - S W R Y  COHPARISON OF TEHPERATURE DATA 
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Electr ical /Electronic Systems 

Elect r ica l  Power System 

by W. W. Hultzman 

Configuration: The e lec t r i ca l  power system, Figure 8-7, consists of  a power 
changeoever switch ( integral  par t  o f  the Sequence Control un i t )  , a main bat- 
t e r y i  tw independent ~ a i ~ e  safety command (vehicle destruct) batteries, and 
a single phase, 400 hertz inverter ( inverter  i s  an integral  par t  o f  the Servo- 
Inverter ~ n i  t) . 
System Performance: Transfer of  the Centaur e lec t r i ca l  loads from externa! 
power t o  the internal battery by the changeover switch occurred a t  minus 
1 13.8 seconds. The Centaur e lec t r i ca l  system sat i sfactor i  1 y suppl ied power 
throughout the cocntdown and f l i g h t  un t i  1 loss o f  telemetry data a t  6961 
seconds. 

However, a current anomaly s imi lar  t o  that  on TC-4 was observed. An unexpected 
main battery current demand o f  3.2 amperes was observed on measurement CElC up- 
on data acquis i t ion from the Ascension s ta t ion a t  1360 seconds ( l a t t e r  part  of  
f i r s t  coast phase). This addit ional load gradual 1 y increased ' a maximum o f  
6 amps a t  about 1500 seconds, then decreased t o  about 2 amps by '567 seconds. 
Random, low frequency f luctuat ions o f  less than 2 amps occurred through the 
MES 2 sequence a t  1706 seconds. No fur ther abnormal load demands occurred 
un t i  1 3930 seconds, o r  a f t e r  the propel lant  tank blowdown sequence (3408 sec- 
onds). Af ter  t h i s  time, low frequency random current increases averaged about 
3 amps, w i th  peaks up t o  8.5 amps, u n t i l  loss o f  data a t  6961 seconds. As on 
TC-4, the unexpected current demands were observed as a s l i gh t  main bat tery 
voltage decrease. However, the abnormal current load was not observed on the 
individual bus o r  package currents. 

As described for  the TC-4 f l  ight, the abnormal current demand was a t t r i bu ted  
t o  e lec t ro ly te  leakage from one o r  more bat tery c e l l s  t o  the bat tery case 
through the shortened f i 1 l /vent valve. Thi s occurred i n  the zero-g f 1 ight  
environment during the coast phases of f l i g h t .  TC-3 and TC-4 were the f i r s t  
fl ights t o  use t h i s  valve conf i g u r a t i o ~  f ~ r  150 ampere-hour batteries. The 
f i l l / v e n t  valves w i l l  be lengthened and changed t o  nylon for subsequent f l i gh ts .  

Main bat tery current was 38.5 amperes a t  l i f t o f f ,  peaking a t  57.0 amps a t  MES 1 
and 59.3 amperes a t  MES 2. The f l i g h t  current p ro f i l e ,  as wel l  as individual 
bus and component currents were normal and consistent w i th  p re f l i gh t  tes t  data, 
except fo r  the previous1 y discussed current anomaly. Battery current values 
w i th  respect t o  f l  ight-programmed events are shown i n  Table 8-19. 

The main bat tery voltage was 27.4 vo l t s  a t  l i f t o f f  (Table 8-20). A minimum 
value o f  26.2 vo l t s  was fndicated during the MES 1 sequence, and 26.9 vo l t s  
a t  MES 2. The voltage :covered t o  28.3 vo l ts  a t  spacecraft separation, grad- 
ual 1 y increasing t o  a qximum o f  28.3 vol ts,  2 t  loss o f  data a t  6961 seconds 
(Table 8-21). 
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TABU 8-20 - TC-3 CENTAUR. 6AnERY DATA 
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As f o r  TC-4, the Range safety command ba t te r i es  remained stable during f l i g h t .  
At 1 i f t o f f  bat tery voltages were 33.0 and 32.9 vo l ts ,  respect ively, remaining 
steady u n t i l  RF d isable a f t e r  MECO 1. 

The Servo-Inverter Uni t  suppl led AC power a t  a constant 25.9 v o l t s  throughout 
the programmed f 1 igh t  . 
Several i n t e r  l m  modi f icat  ions were made t o  the B600P/J9 staging disconnect on 
TC-3 and TC-4. These changes resul ted from the loss of telemetry data on AC- 
32 a f t e r  insu la t ion  panel j e t t i s o n  and p r i o r  t o  staging. 

Modif icat ions included machining o f  the connector plug she l l  t o  increase con- 
tac t  engagement by 0.050 inch, shock-mount ing the receptacle p la te  w i t h  grom- 
mets and shimming the "birdcage" t o  r;!.rce shock and remove any harness pre- 
stress. Wires on the "birdcage" =:de of the receptacle were potted t o  minimize 
wire breakage, and a wiggle tes t  W G ~  added t o  check con t inu i t y  on the receptacle 
(p in)  side. 



D i g i t a l  Computer Unit  

by D. 5.  Repas 

Performance o f  the DCU throughout the f l i g h t  for  TC-3 was sat isfactory as 
evidenced by proper functioning o f  f l i g h t  events and operation of associated 
systems. The data indicat ing DCU performance a r e  presented wi th  the f l i g h t  
performnce analyses o f  the associated systems. 



I ne r t  i a l  Measurement Group 

J by P. W. Kuebeler 

The I n e r t i a l  Measurement Group (IMG) performance dur ing the f l  i gh t  o f  TC-3 
was sa t is fac tory  as evidenced by the accuracy o f  the t ra jec to ry ,  which i s  
described i n  the Tra jectory and Performance Section, and the telemetered 
data which i s  considered below. 

The IMG consisted o f  I RU S/N 13, P/N GG80654A4 and SEU S/N 24, P/N EG8076Bl. 
Gimbal loop performance was sa t is fac tory .  The maximum gimbal e r r o r  observed 
was approximately 1 1  arcseconds as compared t o  a spec i f i ca t ion  o f  60 arcsec- 
onds. I M G  current  was normal throughout the f l i g h t .  The I R U  temperature was 
76°F a t  1 i f t o f f  and rose t o  91°F by the end o f  the f l  ight .  Thesz temperatures 
were we1 1 w i t h i n  the aperat ing range of the IRU. 



Fl  i gh t  Control System 

The D i g i t a l  Computer Uni t  (QCU) and the Sequence Control Uni t  (SCU) performed 
s a t i s f a c t o r i l y  i n  issuing the f l i g h t  cont ro l  system commands t o  other  veh ic le  
systems during the f l i g h t  o f  TC-3. The SCU receives i t s  input from the DCU 
auld converts t h i s  input i n t o  swi 
The QCU commands were issued a t  
t i o n  o f  time. 

tch  commands usable by othe; veh ic le  sys tems. 
the expected times and fo r  the expected dura- 

Table 6-22 l i s t s  the planned sw i t ch ing  sequence and actual f l i g h t  events. The 
column headed " ~ e ~ u e n c e "  shows the t ime o f  the event from the s t a r t  o f  each 
phase o f  f l i g h t .  The column headed "Planned Time" shows the time a f t e r  l i f t -  
o f f  f o r  each event based upon p r e f l i g h t  actual launch time t r a j e c t o r y  .. l i th 
launch day winds. The "Actual Time" column shows the time a f t e r  l i f t o f f  tha t  
the DCU command was issued to the SCU. Other funct ions programmed by the DCU 
software are  shown i n  the tab le  t o  help i n  c l a r i f y i n g  the f l  igh t  sequence. 



TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS -- 

Resct 
Resct 
Reset 

Li f tof f  (2) 

Begin Roll Progrm 

End Roll Program 

(4)Bcgin DCU Pitch, Yaw 
, Program 

Unlock LH2 Vent Valve 1 

Sep Fvd._Brg Reactor 

Reset 

Se t  

Resct Reset Fwd Brg Reactor 
-. 0 (5)STG 0 ShuteoWl fidetoc- 

ted bv DCU STGWO (6)llO. 0 111.0 - - Ihd Pitch, Yaw P r o g r m  $TGO+O (6)llO. 0 11 1.0 - ,.. Enable Titan Steering STGOt32 1112.0 143.0 

39 Set  Release Fwd Seal STGO+lOO 210.0 2U. 0 

39 &set Reset Fdd Seal  STGW103 213.0 214.9 - - Inh ib i t  Ti tan Steering S"~G0+122 232.0 23?. 0 

i .. 0)STC 1 Shutdcwn detec- 
ted  bv CCU S31Gl+O (6)258.0 261.6 

61 Set Unlatch Shroud EID 1 STG1+10 268.0 271. G 

62 Set  Unlatch Shroud Cmd 2 STGl+lO.S 268.5 272.1 

(1) Go i n e r t i a l  odcurs 25 seconds a f t e r  the control monitor group sends a 
cunmand t o  s t a r t  the DCU count. 
(2) Liftcff-Defined a s  s t a r t  of Rocket EIotor Igni t ion  @RS 496) 14:38:59. 

,960 EDT. 
(3) End r o l l  program-Tine is launch azimuth dcpendcnt. 
(4) Pitch Yaw Steering-enabled when a1tit:lde exceeds 1050 f ee t  and time 
exceeds 10 seconds from SF21 igd t ion .  
(5) STG 0 shutdon-noted by DCU when canputing a decreasing acceleration 
of less than 1,Sg's. 
(6) . Expccted time from pref l ight  actual  launch time t rajectory,  dated 
1 2  September 1975, 
C7) STG 1 shutdorm-noted by DCU whcn computing a decreasing acceleration 
of l e s s  than 1.5g's. 



TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS (CONTINUED) 

FW\h'NUl ACTUAL 
Scu SWITClt E V l X '  S MUBX E TTX-Sk. TTP!f:-SCC 

Reset 
Resct 

Set 
Reset 
Pt  
9 

keset 
Set 
Reset 
Set 
;=set 

Set 
Set 
Set - 
Set 
Set 
Cf?t 

Set 
Set 
.I 

Set 
Set 
Set 
Set 
Set 
Set 
Reset 

Hesct Shroud CPlD 1 
Rcsct Shroud CZD 2 

S2A On 
S2A Off 
n on 
Dtable Titan Stcerilig 

Lock LO2 Vent Valve 
Lock LH2 Vent Valve 1 
Lock LH2 Vent V d v e  2 

Inhibit Titan Steering 
Open Control Valve 
I)~CSS E2 ?22k 
?wss fa2 Tank 

Primary Boost PL?.tn,s On 
B h  Boost Puqs On 
(8)STG 2 Shut2c:m detec- 

ted bv DCV 
sTG2 S/D B / U  
C l  Circ Pl?mp On 
C2 Circ P u p  On 

Open Prestart Valves 
Close Control Valve 

(8) $tat 11 shutdown - noted by DCU uhm observed accleration is less than is. 
Q) TR separation - commanded by DCU when computed acceleration is less 
than 0.01s. 
(6) Expcrtcd time from prefl.i&t actual launch time txtjcctory, dated 
12 Scptmbcr 1975. 



TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS (CONTINUED) 

P W E D  ACTUAL 
SCU StWI'CII WIYT S U E  TTX-SGC TIME-SIX 

- 
Set  
Spt 

B s e t  - 
Reset 
Reset 

S e t  
Set  
Set 

Xeset 
Resct 
Reset - 
Reset 
Reset 
Reset 
Reset 

Ser 
S e t  
Se t  
Set 

Reset 

- 
Reset - 
Reset 
Se t  

0 0 )  !XS 1 SEP+l 0. S (6)QSO.S 
Igniters  On SFBlO. 5 (6) 480.5 
Open Start Valves SEP+lO. S (6)4SO.S 

Ign i tcrs  O f f  tESI+4 484.5 

Start Guidance Steering EIES1+7 487.5 

Yaw Engines On @3)NECOI-20 568.6 
P2tch Engines- On 

Yzw E q i n e s  Off EIECOI-10 598.6 
Pitch Engines Off HDCOI-10 536.6 

Beset PU Switches PIECOI+l. 0 609.6 

Reduce to  2s E?.gines O n  kSECOI+2SO 858.6 
SZB, SUB O f f  

Change S &nghe Pairs (Halfway thm 1224.4 
S2A, SQA Off 2S On >;ode) 
52B, S W  Cn 

0 )  EIES T - commc?ed by ;.te DCL' 10.5 sccon2s after T/C separation. 
@) EIECO I - co=xxicd by t h e  ;CU hased on s i d u c e  coxputed the. 
0 2 ) .  NO tclcrnctry rccovci-ed. 
(13) EIKO 1-20 - EECO t2r.e used heze is the guidanc 2 prcdictcd time a t  
that put icular  instant.  
( 6  hpectcd t i n e  from pre-Wsht actual launch t h e  trajectory,  dated 
9/12/15. 



TABLE 8-22 - TC-3 FLIGHT SEQUENCE OF EVENTS 

PLMHEJ) ACTUAL 
SCU SIJITCII EVC.T StXWfhTE TINE-SIX: TIME-S EC 

0 

Set 

Set  
Set 

Set 
Set 
Set 

Set 
Set 

Set - - 
Set 
Set  

Rrsrt 
Reset 
Reset 

Reset 

Reset 
Reset 
Reset 
Reset - 
Reset 
Reset 

C3. C h  F k q  On HESII-60 1638.4 
C2 C i r e  Runp On HESII-60 1638.4 

Opcn Control Viitve -11-38.06 1660.3 
Prcss ID2 Tiink MESII-38.06 1660.3 
Press XJtZ Tank MESIX-38.06 1660.3 

Primary Boost F k p s  O n  MESII-28.0 1670.4 
BA-Boost blips On 

Open P r e s t c t  Valves MESII-17 1682.4 

End Pressurization Enable PIESII-0.2s 1698.1 

(14) MES 11 NESn+o (611698.4 
Open S t a x  Valves HESII+ 0 (6)1698.4 
Igni te rs  On M E S I I + O  (6)169 8.4 

Yzw Engines O f f  kESZI+, 2 1E98.6 
Pitch ErGnes O f f  EZESII+. 2 1698.6 

Zgzfters O f f  EIESII+u 17C2.S 

2nd US Sett led Thrust tIESII+5 1703.4 

Start Guidance Steerir.g MESII+7 1705.9 

C1 C i r c  O f f  MESII +12 1710.9 
C2 Circ Pcnps O f f  tESII+12 1710.4 

(19) MES IT- Coeanded by the DCU'based on guidance corcpted time. 
(12) No telemetry recovcrcd 
( 6  Ekpectcd t i n e  f r o m  pref l ight  actual  launch time trajectory,  dated 
1 2  September 1975. 



TABLE 8-22 - TC-3 FLIGHT SEQUENCE JF EVENTS (CONTINUED) - 
PI,ANNCD ACTUAL 

$CU SWTTClt WIXT SWUrSCZ TIMC-SCC TIPIC-SCC 

- 
Reset 
Reset 
Reset 
Reset 

Reset 
%set 
- 
- 
Set 

Set 

Reset 

Set 

Set 

Reset 
Reset 

Set 

Reset 

Reset 

(5 ) M K O  T I  NEcOII+O 
n 

(6)2OOq. 8 
Prhary Boost Pwps Off n 

Close Prestart Valves n m 
Close Start Vdvcs u m 
B/U Boost Pumps O f f  rn (I 

Reset PU Switches MECOII+l. 0 2005.8 

Start Tank Pressurization @IECOII+lO. 0 2014. 8 

End Pressurization Enable kIECOII+l lO.  0 2ll4.8 

Vik ing SIC Separation @IECOf I+22O. 0 2224.8 

S2A, S U ~  S2B, S4B On kCCOII+825 2829.8 

S2A, SUB, SZB, SUB O f f  tlECOII+900 2904.8 

U&CZ Circ Punps On HECOII+1050 3054.8 

@en Prestzrt Vzlves 
@lo2 !ha) E O I I + l O T i  ' i 0 i O . P  

C1&C2 Circ Pcr;rps Off kECOII+1325 3329.8 
Close Prestart Valves EIEC(311+1325 3329.8 

(End Blow Down) 

S2A, S4A, S2B, SQB On HECOII+1330 3334.8 

Unlock LO2 Vent Valve MECOII+llrOO 3404.8 
Unlock LH;! Vent Valve 162 

SZA, S4A, 523, S4B O f f  tIECOII+3330 5334.8 

QS) EIECO 2 - Comandcd by the DCU based on guidance coziputed time. 



Propel lant Ut i l i za t ion /Prope l lan t  Loading System 

by K. Semenchuk 

Propellant U t i  1 i za t i on  (Pu): The TC-3 propel lant  u t i l  i za t i on  system operated 
s a t i s f a c t o r i l y  throughout the f l i g h t .  PU valve angle measurements fo r  C1 and 
C2 engines responded properly. PU valves were proper ly  locked i n  a n u l l  posi-  
t i o n  u n t i l  5 seconds.after MES-1, when they were proper ly  commanded t o  the 
f ixed angle pos i t ions  o f  4.2" for C1 and 3.6' for  C2 engines. PU valves are 
to remain i n  t h e i r  f ixed pos i t i on  for  110 seconds a f t e r  MES-1, before they 
are brought i n t o  cont ro l .  

The LO2 level  passed the probe top a t  MES-1 + 95 seconds, and the LH2 leve l  
passed the probe top a t  MES-1 + 107 seconds. 

DCU enabled the valves t o  begin c o n t r o l l i n g  a t  MES-1 + 110 seconds. The 
valves then moved t o  the LO2 r i c h  angle and remained there u n t i l  27 seconds 
before MES-2. At MES-2 + 5 seconds, PU valves went i n t o  cont ro l  again. 

The propel l a n t  residual s remain lng a t  the Centaur Main Engine Cutof f  were 
calculated by using the times when the propel lant  l eve ls  passed the bottom 
o f  the probes as reference points. 

L iqu id  propel lant  residuals are shown below: 

Actual Predicted 

940 1 bs. 1,067 lbs. 
190 lbs. 213 lbs. 

The burning time remaining t o  deplet ion was calculsted t o  be a p p l ~ x i m a t e l y  
16.5 seconds, a t  which time the l i q u i d  propel lant  outage was determined t o  
be 8 pounds o f  LH2. 

Propellant Loading lnd ica t ing  System (PLIS): Centaur Level lnd ica t ing  System 
operatcd s a t i s f a c t o r i l y  during countdown. Propel lants tanked a t  l i f t o f f  were 
25,485 pounds of LO2 and 5,285 pounds o f  LH2. 



Instrumentation and Telemetry Systems 

by J. H. Bulloch and T. J. H i l l  

I n s t r u m ~ t a t i o n :  For the TC-3 f l  i gh t  a t o t a l  o f  324 ,measurements were ins t ru -  - .-- 
menttrl, 2- measurements and 23 twenty-four b i t  DCU ~ o r . , ~  v i a  PCH telemetrv 
a n i  13 FM/FH analog measurements. The fo l low ing measurements exh ib i ted  data 
anoml ies  dur ing the f l  igh t .  

1. CA890P (Spacecraft ~ompartment In ternal  Pressure 0 t o  15 p ia )  exh ib i ted  
in te rmi t ten t  negative t rans ien ts  during veh ic le  ascent through the atmosphere. 
These t ransients are cha rac te r i s t i c  o f  wiper l i f t o f f  w i t h i n  the potentiometer 
type transducer. 

2. CT70T (Thermocouple Reference Junction Temperature -330" t o  1 0 8 " ~ )  ind icated 
20°F high (4.6% l nformat ion Bandwidth) throughout countdown and f l igh t  . This 
anomaly was known t o  e x i s t  s ince the Terminal Countdown Demonstration (TcD) and 
was considered acceptable. The cause o f  t h i s  anomaly i s  unknown. 

3.  CP833T (LH2 Boost Pump I n l e t  Line Temperature -53 t o  +147'F) exh ib i ted  tem- 
perature var ia t ions  i nd i ca t i ve  o f  local  environment ra ther  than H202 l ine tem- 
perature. The most probable cause i s  considered t o  be excessive adhesive under 
the resistance patch o r  delarninaticn o f  the patch from the l i n e .  

4. CP691T (S2A Chamber Surface Temperature -275°F + 1625°F) d r i f t e d  -10% IBW 
w i th in  10 seconds a t  T + 4057 seconds. A second +2% IBW tep was noted a t  T + 
5471 seconds. The measurement appeared t o  be sat i sfactor  i l y t rack ing tempera- 
t u re  changes w i t h  the exception of these steps. The cause o f  t h i s  anomaly i s  
unknown. 

5. CPI 18T (C-l Engine Fuel Pump Backup Temperature -430°F t o  -57"F), C P I  I9T 
(C-2 Engine Fuel Pump Backup Temperature -430°F t o  -57"F), CP122T (C-l Engine 
Fuel Pump Temperature -425°F t o  -1 24"F), CPI 23T (C-2 Engine Fuel Pump Tempera- 
tu re  -42S°F t o  -124"F), CP124T (c-1 Engine LO2 Pump Temperature -310°F t o  +104"F), 
and CP125T (C-2 Engine LO Pump Temperature -310°F t o  + I O ~ " F ) .  A l l  exh ib i ted  
slow response dur ing the fright. This condi t ion may a r i s e  because of the P ra t t  
and Whi tney transducer insta 1 l a t  ion. The slow response problem has occurred on 
previous f 1 ights. 

Telemetry: The telemetry R.F. systems on TC-3 operated s a t i s f a c t o r i l y .  The 
Centaur PCM system provided 288 measurements on the 2202.5 MHz R.F. l i n k ,  and 
the FM/FM system provided 13 analog measurements on the 2208.5 MHz l i n k .  
Ground s ta t i on  coverage i n te rva l s  f o r  these two l i n k s  are shown i n  Figures 
8-8.1, 8-8.2 and 8-8.3. 
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Signal strengths reported by the p a r t i c i p a t i n g  telemetry s ta t  ions indicated 
sa t i s fac to ry  performance o f  the a 1 rborne R. F. systems. Johannesburg reported 
in termi t ten t  PCM lock f o r  the l a s t  450 seconds on the 2202.5 MHz l i n k ,  but 
s o l i d  PCM data f o r  t h i s  i n te rva l  was provided by the U.S.N.S. Vanguard. 

The ARIA 3 a i r c r a f t  was scheduled t o  support t h i s  mission but d i d  not  deploy 
because o f  an a1 r c r a f t  problem. 



Tracking and Range Safety Systems 

by T. J. H i l l  and J. H. Bulloch 

C-Band Tracking: The C-band t rack ing systev on TC-3 operated sat  i s fac to r  i l y .  
The ground radar t rack ing i n te rva l s  are shown i n  Figure 8-9. No s i g n i f i c a n t  
t rack ing problems a t t r i b u t a b l e  t o  the Airborne System were reported by the 
t rack ing radar s tat ions.  

Radar Stat ion 12.16 (Ascension) reported mul t ipa th  dropouts a t  1405 seconds 
f o r  20 seconds and again a t  1488 seconds for 14 seconds. Radar 12.15 cov- 
ered these i n te rva l s  w i t h  no problems. 

Range Safety C o m n d  System: Operation o f  the Range Safety Command System 
was sat is factory.  Signal (AGC) data indicated a  sa t i s fac to ry  received s ignal  
leve l  throughout the f l i g h t .  System contro l  was maintained as the vehic le 
f lew downrange by switching o f  TSC t ransmit ter  cont ro l  s ta t ions .  Switching 
times are presented i n  the fo l low ing table.  

Stat ion Carr ier  On (Sec) Car r ie r  O f f  (Sec) 

Cape Canavera 1 -2309 172 

Grand Bahama Island 170 461 

Ant igua 461 647 

The Antigua t ransmit ter  sent Range Safety Command RF disable a t  T  + 624 sec- 
onds resu l t i ng  i n  shutdown o f  the airborne RSC receivers. 
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i X CENTAUR STANDARD SHROUD (CSS) 

~ i f t & f f / l n - f l  i gh t  Fun< - t ions 

by T. L. Seeholxer 

CSS Disconnects and Door Closures: The CSS disconnects and door c l a ~ e r e s  - 
located as shown i n  Figure 9-1 functioned normally on the X-j f l i g h t .  The 
CSS disconnects and door c1o;ures were e q ~ i v a ! c i i i  t o  the systems used on the 
TC-2 f l i g h t  w i th  the exception o f  +% encapsulation seal and R t G  doors which 
were Viking pecul iar  and !iicorporated on the TC-I f l i g h t .  

Movie w.:! cel ev is  ion coverage ver i f ied proper d i sconnect o f  the umbi l i ca l  s and 
:he c los ing  o f  the T-0 and T-4 CSS doors on the p r i m r y  latches. 

Hicroswi tches mounted on the T-4 a f t  door v e r i f i e d  tha t  the door closed on the 
primary latches fo l lowing umbi l ica l  disconnect. However, during the door 
closing, an in termi t  tent  s ignal was indicated by CHV6OX. The i ntcrmi t tency was 
caused by one o r  both microswi tches which are wired i n  para1 l e l  and occurred 
between T-2.32 and T-2.23 seconds. A t  T-1 seconds, the door switches rndicated 
closed maintaining the automatic sequence. 

CSS I n - f l i g h t  Events and Jet t ison:  A l l  CSS i n - f l i g h t  events and j e t t i s o n  were - 
norrtaf  011 the TC-3 f 1 ight  . These events included forward bear ins react ion sep- 
arat ion, farward seal ;elease, shroud separation and j e t t i s o n  as-shown i n  ~ 1 ~ -  
u r ~ t s  9-2 through 9-6. These systems were equivalent t o  those on the TC-1 and 
TC-2 f l  ights. 

Discuss ion 

A1 1 s i x  forward bearing react ion s t r u t s  were separated a t  T + 100.07 seconds 
as v e r i f i e d  by breakwires on the explosive bo l ts .  Nominal sepatat7on time 
was T + 100 seconds. 

Forward seal release occurred a t  T + 21 1 .O7 seconds as v e r i f  led by breakwi res 
on the explosive bo l ts .  Nominal separation time was T + 210 seconds. 

The CSS Super*Zip primary system separated the ! hroud a t  T + 271.67 seconds. 
Separation by the primary system was v e r i f i e d  by the f a c t  that  the CSS r .ated 
over 3' p r i o r  t o  secondary systern command. The secondary conmand was issued 
.50 seconds a f te r  primary system command. The secondary system i s  deactivated 
by e l e c t r i c a l  disconnect a f te r  lo rota t ion .  

Shroud rotat !on times comparing TC-1, 1;-2, TC-3 and TC-4 are given i n  Table 
9-1. 
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CSS Ascent Vent System 

Summary 

\ :It., The CSS Ascent Vent System performed sat i sfactor i 1 y i n - f  l igh t  . The reduct ion 
$: ' i n  spacecraft compartment maximum dp/dt dur ing transonic expected by blocking 

two o f  t h  11 vents was rea l  ized. 

0 i scuss ion 

Spacecraft Compartment: Time-pressure h i s t o r y  o f  the spacecraft compartment 
i s  shown i n  Figure 9-7. The data agree we1 1 w i t h  TC-I and TC-2. Blocking 
two o f  the 11 vents af fected the compartment in te rna l  absolute pressure on lv  
i n s i g n i f i c a n t l y  as predicted by p re f l  igh t  analysis.  The maximum dp/dt during 
transonic was -0.65 ps i/sec. (Figure 9-8). The spacecraft b iosh ie ld  experi - 
enced a maximum AP of 0.35 p s i  as predicted i n  the normal spacecraft vent ing 
case. 

T i tan  2A Compartment: Venting o f  the T i tan  2A compartment was normal. Pres- 
sure-time h i s t o r y  o f  the 2A compartment i s  shown i n  Figure 9-9 compared t o  
TC-1 and TC-2. 
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X TITAN/CENTAUR GROUND SYSTEMS 

by H. E. Timmons and A. C .  Hahn 

The countdown f o r  the launch o f  TC-3 began a t  3:04 a.-. on September 9, 
1975, a t  T-625 minutes. During the e n t i r e  countdown, the  ground systems 
funct ioned normal ly w i t h  the fo1 lowing repor ted anomalies. 

A t  approximately T-250 minutes, i t  was noted t ha t  the  Data Recording and 
Quick Look Set (DRQLS) i n  the VI8 ground s t a t i o n  had not been p r i n t i n g  
f o r  some t ime. I nves t i ga t i on  showed t h a t  the 2 r i n t e r  p o r t i o n  o f  the  sys- 
tem had shut down even though the data record ing p o r t  ion o f  t he  sq;stem 
was opera t ing  proper1 y. The p r i n t e r  power was cyc led o f f  and back on. 
Th is  a c t i o n  placed the p r i n t e r  back i n  operat ion.  Playback o f  the  data 
from magnetic tape showed t h a t  the p r i n t e r  had been o f f  l i n e  s ince approx- 
imately T-370 minutes, a  per iod  o f  about 2 hours. A l l  data was r e t r i e v e d  
from the  tape successfu l ly  and there  was no i n t e r r u p t i o n  o f  the  countdown. 
Post-launch t rcub leshoo t ing  foltnd t ha t  the problem was assoc ia te t~  w i t h  
overheat ing o f  the p r i n t e r  e l e c t r o n i c s .  The overheat ing was caused by a  
cover which had been put  on the p r i n t e r  f o r  no ise suppression j u s t  p r i o r  
t o  the V ik ing  a c t i v i t y .  

A t  T-2.27 seconds the s igna l  from the Centaur a f t  d ~ o r  pulsed. This s i g -  
nal i nd ica tes  t h a t  the  door i s  c losed 2roper ly  and i s  one o f  a  se r ies  o f  
s igna ls  which make up the - A f t  -- Pla te  Ejected Signal i n  the launch ladder.  
The pulses las ted  approximately 0.09 seconds, w i t h  a  s o l i d  s igna l  going 
t o  the CMG a t  T-2.187. Th is  signs1 must be sent by T-1.0 seconds o r  the 
countdown i s  aborted. Cause o f  the pu ls ing  was an apparent ma l func t ion  
o f  the microswitches o r  the w i r i n g  t o  the microswitches on the door l a t c h  
mechanism. From f i lms, i t  appeared t h a t ,  once the door la tched  t he  s igna l  
came on p roper l y  and sol  i d l y .  Some mod i f i ca t ions  t o  the door c l c s i n g  
forces and the l a t c h  sp r ing  mechanism as we l l  as the switches themselves 
are being inves t iga ted  as p o t e n t i a l  fu tu re  p reven ta t i ve  measures. 

During the launch sequence the e l  c t r i c a l  u m b i l i c ~ l  disconnect t imes were 
as shown i n  Table 10-1. The umb i l i ca l  re lease sequence on the T i t a n  um- 
b i l  i c a l s  was qot as p red ic ted .  The 2A1E umbi 1 i c a l  preceded l C l E  i n  the  
d isconnect ion sequence. This was the same sequence encountered on TC-2. 
No ac t i on  w i l l  be taken t o  co r rec t  the umb i l i ca l  sequence s ince  no ad- 
verse e f f e c t s  have been i d e n t i f i e d  as a  r e s u l t  o f  previous f l i g h t  se- 
quences, t e s t s  o r  from ana lys is .  

A t  umb i l i ca l  disconnect three DRS channels pulsed: Channel 008 - Stage 1 
Shu down Enable Backup Simulat ion S ignal ;  Channel 046 - Stage 2  Destruct  
I n i t i a t o r  Armed I nd i ca t i on ;  Channel 101 - Stage 2 Engine Shutdown Moni tor .  



TABLE 10-1 - TC-3 ELECTRICAL UYBlLlCAL DATA 

CMG T-0 (DRS Channel 295 o f f ) '  1 1838:59.917 
lgn i  te  SRM Command (DRS 739) = 1838:59.938 
SRH I g n i t i o n  Relay Closed (DRS 496) = 1'?38:59.956 ( O f f i c i a l  T-0) 

T i t an  Umbi l ica lc  

LBl E 

R B I  E 

2A1 E 

l C l E  

2A2E 

2C1 E 

Centaur Umbi 1 i c a l  s 

B600P3 

R600P2 

B600P1 

B6OOP4 

B600P5 

Time Disconnected 

183r!. ~0.313 

1839:00.316 

1839: 00.364 

l839:OO. 373 

1839:oo. 397 

1839:00.466 

Time from O f f i c i a l  T-0 

T + 0.357 

T + 0.360 

T + 0.4Q8 

T + 0.417 

T + 0.441 

T + 0.510 



Rendom pu l s i ng  of  channels a t  l i f t o f f  has been noted on a l l  f l i g h t s ,  bo th  
T i t a d c e n t a u r  and T i t a n  I I I C ,  s ince  the  3RQLS was i n s t a l l e d .  The t ime 
r e s o l u t i o n  an pulses w i t h  DRQLS i s  3.33 m i  1 1  iseconds as opposed t o  10 m i  :- 
l isaconds on the DRS p rev ious ly  i n s t a l l e d  i n  t he  V I B .  Th is  i nd i ca tes  
t h a t  these pulses were apparent ly  present a1 1 alcn: but  were to3  fas t  t o  
get  recorded p rev ious ly .  There i s  no apparent adverse a f f e c t  due t o  t h i s  
pu l s i ng  A suspected cause o f  the pu l s i ng  i s  the loss  o f  ground f o r  the  
l eng th  o f  t ime i t  takes a con t rac to r  t o  t r a n s f e r  the  power sup,ll i es  t o  
f a c i l i t y  ground once the veh i c l e  s i n g l e  p o i n t  ground connsct ion i s  broken 
a t  1 i f t o f f .  

Dur ing the launch sequence the Centaur mechan 
times were as shown i n  Table 10-2. 

i e a l  umb i l i cb l  d isconnect 

The i nd i ca t i on  on DRS of  the Centaur LH, f i l l  and d r a i n  va lve disconnect i on  
was extremely l a t e .  Th is  i n d i c a t i o ~  ca6e 1.434 seconds a f t e r  the  command 
from the CMG t o  disconnect the va lve.  Nominal t ime o f  va lve d isconnect ion 
i s  0.5 t o  0.6 seconds. Review o f  analog data on t he  r e t r a c t  c y l  inders  i n -  
d i ca tes  t h a t  actua l  opera t ion  was nominal w i t h  a disccnnect t ime o f  approx- 
imatel y 0.56 second;. This anoma 1 y was the  same one encountered on 7"-4. 
It was suspected a f t e r  t he  TC-4 launch t h a t  the  contro1:et. f o r  t he  t t dns -  
ducer which provides the DRS s igna l  was f a u l t y .  The c o n t r o l l e r  was re -  
placed fo r  TC-5. 

A f i r e  broke nu t  i n  the  AGE Bu i l d i ng  i n  the southeast corner near t h e  MTR 
. ? f t e r  :aunch. I t  was discovered by the post- launch saf ing c,  ew upon t h e i r  
r e t u r n  t o  the pad. The f i r e  caused s i g n i f i c a n t  damage w i t h i n  the AGE B u i l d i n g  
and was the  subject  o f  exhaust ive i nves t i ga t i ons .  The r e s u l t s  of these i n -  
ves t i ga t i ons  and the  r e s u l t i n g  mod i f i ca t i ons  a re  the  subject  o f  o t he r  r e p ~ r t s  
and a re  no t  included w i t h i n  the  scope o f  t h i s  r epo r t .  



TABLE 10-2 - TC-3 HECHANICAL UMBILICAL DATA - 
Centaur 

Event - 
A f t  P la te  E jec t  Comnanded 

A f t  Ooor Closed 

A f t  P l a t e  Ejected 

Time - Time from CMG T-0 

1838:55-939 T - 3.975, 

1838 : 57.727 T - 2.190 

1838: 57.730 T - 2.187" 

LH2 F i l l  & Drain Valve E jec t  Command 1838 : 59.455 T - 0.459 

LO2 F i l l  & Drain Valve E jec t  Command 1838:59.455 T - 0.459 

LO2 F i l l  & Drain Valve Disconnected 1838:59.845 i - G.072 

LH2 F i  11 & Drain Valve Di scomected 1838 : 00.02** T + CI . I : t+ *  

Time shown f o r  A f t  P l a te  Ejected i s  t ime when s igna l  came on permancqtly 
a f t e r  an i n i t i a l  &nomalous i nd i ca t i on .  

*a Disconnect t ime f o r  LH2 F i l l  & Dra in  Valve es tab l i shed  from analog data 
on r e t r a c t  cy l inder .  Signal t o  GRS from the  va lve i n d i c a t o r  con t ro l  
assembly ind icated a t o t a l  disconnect t ime o f  1.413 seconds. Post- 
!aunch analys is  v e r i f i e d  t h a t  the  DRS t ime anomaly was the r e s u l t  of  a 
mal funct ion ing con t ro l  assembly. 




