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N E W S  

NO: 65-7 

NASA TO LAUNCH 

FIRST *CARTWHEEL* 

WEATHER SATELLIPTe 

The National Aeronautics and Space Administration w i l l  

launch a new version of i t s  TIROS weather s a t e l l i t e  no e a r l i e r  

than Jan. 19 from Cape Kennedy, Fla.  

The new s a t e l l i t e ,  designated TIROS I (eye), w i l l  r o l l  

along i t s  near-polar o r b i t  much l i k e  a cartwheel. Cameras 

w i l l  view the E a r t h  from its side or  rim unlike cameras on 

e a r l i e r  TIROS which pointed from'the bottom of the s a t e l l i t e .  

TLROS I i s  designed t o  r o l l  a t  a r a t e  of 10 revolutions 

a minute. Cameras In i t s  rim w i l l  view the Earth once durSng 

each revolution permitt ing the photographing of the e n t i r e  

sunlit por t ion  of the  Earth daily. 

If the launch is  successful, the satell i te w i l l  be 

designated TIROS IX. Nine consecutive NASA weather s a t e l l i t e  

launchee have been successful. Of these, the eight e a r l i e r  

TIROS have snapped some 415,000 weather p i c tu re s  of the 

Earth and the Nimbus I took 27,000 pictures .  
I 
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The 1aunch.marks the first NASA attempt t o  place a 

satel l i te  i n  near-polar sun-synchronous o r b i t  from Cape Kennedy. 

TIROS I i s  scheduled t o  enter  o r b i t  over the Pacific Ocean 

about 300 miles west of Quito, Ecuador after its Delta launch 

vehicle  has perfonned three dog-leg maneuvers. 

The Delta launch vehicle, which has placed 25 NASA satel- 

l i t e s  i n  orb i t ,  i s  programed t o  put  the 305-pound TIROS I 

i n t o  a c i r cu la r  o r b i t  460 s t a tu t e  miles high, incl ined 81.6 

degrees t o  the equator, and w i t h  an orbital period of 100 

minutes. 

P r imary  object ive of the TIROS I research and development 

launching i s  t o  t e s t  the  cartwheel configuration. 

the forerunner f o r  the  joint  NASA and U. S .  Weather Bureau 

operational weather s a t e l l i t e  system ca l led  the TIROS 

Operational S a t e l l i t e  (TOS) system. 

of s i x  launches and i s  scheduled to begin next winter. 

It i s  

The TOS program cons is t s  

TIROS (Television In f ra red  Observation S a t e l l i t e )  i s  a 

weather sa te l l i t e  pro jec t  of NASA's Office of Space Science 

and Applications. 

of the  Goddard Space Flight Center, Greenbelt, Md. The U.S. 

Weather Bureau receives  a l l  weather data from the s a t e l l i t e  

f o r  d i s t r ibu t ion  t o  the world-wide meteorological network. 

Technical d i r ec t ion  i s  the respons ib i l i ty  

BACKGROUND INFORMATION FOLLOWS 
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TECHNICAL BACKGROUND 

TIROS I (eye) - S t a t i s t i c s  

Spacecraft  . . . . . . . . . . . .  Cyiindrical ,  18-sided 
olygon, 22 inches high and 

t 2  inches diameter, weighing 
305 pounds 

Mission object ives  . . . . . . . .  Test cartwheel configuration 

Increase Earth coverage 
from a s a t e l l i t e  

Increase frequency and 
accuracy of measurements 

Improve accuracy and reso- 
l u t i o n  of te lev is ion  p i c tu re s  

Develop f a s t e r  means f o r  
p ic ture  d i s t r ibu t ion  

Launch Information: 
Vehicle . . . . . . . . . . .  Three-stage Delta developing 

170,000 pounds of t h rus t  a t  
liftoff - 

Launch Pad . . . . . . . . .  Corrrplex 17, Pad A a t  the 
Eastern T e s t  Range, Cape 
Kennedy, Fla.  

Date . . . . . . . . . . . .  No e a r l i e r  than Jan. 19 

O r b i t a l  Elements: 

Inc l ina t ion  . . . . . . . . .  Near-polar and Sun synchronous, 
81 degrees retrograde t o  the  
equator 

Period . . . . . . . . . . .  100 minutes 

Orbit  . . . . . . . . . . . .  Circular,  460 s t a t u t e  miles 
high 

-more- 
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Velocity . . . . . . . . . . .  Approximately 18,000 m i l e s  
p e r  hour 

. . . . . . . . . . . . . .  Cameras Two, $-inch vidicons which 
take more than 400 p ic tu re s  
da i ly  w i t h  a reso lu t ion  of 
about two m i l e s  a t  p i c t u r e  
center  

Power System . . . . . . . . . . .  9,100 s o l a r  c e l l s  ( N  on P) 
which convert sun enersy 
t o  e l e c t r i c a l  energy t o  
keep 63-nickel cadmium 
b a t t e r i e s  charged 

Tracking . . . . . . . . . . . . .  F i f t e e n  s t a t i o n s  of the 
world-wide Space Tracking 
and Data Acquisition Network 
(STADAN) operated by the  
Goddard Space F l igh t  Center 

Command and Data . . Wallops Island, Va. 
Acquisition S ta t ions  Gllmore Creek, Alaska 

San Nicolas Island. C a l i f .  

Program management . . . . . . . .  Office of Meteoro1oc;ical 
Programs, Office of Space 
Science and Applications, 
NASA Headquarters 

Project  managment . . . . . . . . .  Goddard Space F l igh t  Center 
(Spacecraft, Launch vehicle  
and Launch Operations) 

Major contractors:  

Delta vehicle  . . . . . . . .  Douglas Aircraf t  Co. 
TIROS spacecraft . . . . . . .  Radio COT. of America 

-more- 
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THE FLIGHT PLAN 

... 

TIROS I w i l l  be t h e  f irst  NASA s a t e l l i t e  ever s h o t  i n t o  
l .  

po la r  o r b i t  from Cape Kennedy. 

s ion  i s  the NASA-developed, three-stage Delta. 

Launch vehicle  f o r  t h e  m i s -  

Delta will leave Complex 17, Pad A and must perform 

three precise "dog leg" maneuvers before i t  reaches i t s  or-  

b i t  i n j ec t ion  point  over the Paci f ic  Ocean. 

Launch i s  scheduled f o r  3 a . m .  The launch window i s  

about 45 minutes. 

During first stage burning, f r o m  T p l u s  90 t o  T p l u s  

130 seconds, a yaw right command from t h e  guidarice system 

w i l l  tu rn  the vehicle to the r igh t .  

Six seconds after the second s tage ig:nites, a b w t  153 

seconds after launch, the  guidance system will send another 

yaw right command f o r  s i x  seconds. Also during t he  second 

stage burning a six-second p i t c h  up command w i l l  nudge the  

nose upward. 

When the second stage burns o u t  and the Qril-second coast  

period begins, Delta w i l l  perform i t s  f i n a l  maneuver. During 

t h i s  coast  period the vehicle will be pitched down 47 degrees 

and yawed nose l e f t  e ight  degrees so the  vehicle  is i n  proper 

a t t i tude  f o r  t h i r d  stage ign i t i on  and in jec t ion .  

-more- 
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If. Delta performs as planned, TIROS I w i l l  be b j e c t e d  i n t o  

o r b i t  over the Pacif ic  Ocean about 300 miles West 

Ecuador (84 degrees West longitude, 0 degrees l a t i t u d e ) .  

of Quito,  

During the first o r b i t  the s a t e l l i t e  w i l l  operate i n  

much the same manner as the e a r l i e r  TIROS spacecraf t .  

be spin s t ab i l i zed  a t  about 10  *m w i t h  the bot tom of the 

spacecraft ,  o r  baseplate,  looking a t  t h e  Earth.  

It w i l l  

As TIROS starts i t  second o r b i t  a gradual or ien ta t ion  

maneuver, performed by ground cont ro l le rs ,  begins t o  t u rn  the 

s a t e l l i t e  on i t s  side i n t o  t h e  cartwheel posi t ion.  On command 

from the  ground, e l e c t r i c a l  currents  pass through a magnetic- 

a t t i t u d e  c o i l  ins ide  the spacecraft  which turns  the  s a t e l l i t e  

on i t s  side a t  a rate of approximately 10  degrees pe r  o rb i t .  

When the  s a t e l l i t e  i s  about half way on i t s  s ide  (45 

degrees toathe v e r t i c a l  plane of the Ear th)  the  current  w i l l  be 

reduced t o  about half so TIROS w i l l  t u r n  f i v e  degrees each o rb i t .  

Approximately 14  t o  18 o r b i t s ,  o r  24 hours af ter  launching, 

TIROS I should be turned on its side i n  the cartwheel a t t i t u d e ,  

After about 36 hours, p ro jec t  engineers w i l l  t u r n  the two 

t e l ev i s ion  cameras on t o  photograph t h e  Earth. Two &-inch 

vidicon cameras can take pictures  a t  32, 64, o r  128-second 

i n t e r v a l s  o r  more than 400 daily. 

L .  

-more- 
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Pictures  w i l l  be sent  t o  TIROS ground s t a t ions  on a t  

l e a s t  10 of the 14  d a i l y  orbi ts .  

can be recorded during three "blind" o r b i t s  ( o r b i t s  which 

do not pass over one of the three TIROS ground s t a t i o n s )  

f o r  playback on a la te r  pass. 

However, weather p i c tu re s  

Spacecraft performance data as well as weather p i c tu re s  

w i l l  be sent  t o  th ree  ground s ta t ions  ca l led  Command and 

Data Acquisition (CDA) s ta t ions.  

Wallops Island, Va. , San Nicolas Island of f  the Cal i fornia  

coast ,  and Gilmore Creek, Alaska. 

These s t a t ions  are a t  

POLAR, SUN-SYNCHRONOUS ORBIT 

Complete coverage of the world's cloud cover, compared 

t o  about 25 per cent w i t h  earlier TIROS, w i l l  be possible  

due t o  a combination of the cartwheel configurat ion and an 

o r b i t  which i s  polar  and sun-synchronous. 

I n  a sun-synchronous o rb i t  the precession (westward d r i f t )  

of the s a t e l l i t e  i s  about one-degree da i ly ,  the  same ra te  

and d i rec t ion  as the  Ear th  moves around the Sun. 

Thus, the Sun i s  always behind TIROS so  the s a t e l l i t e  

i s  i n  a favorable pos i t ion  t o  take p i c tu re s  during a l l  four  

seasons of the year. 

-more- 
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TIROS SPACECFUF'T 

Abmt the  only l ikeness  between TIROS I and i ts  e igh t  

predecessors is the hat-box shaped s t ruc ture .  

polygon which weighs 305 pounds, stands 22 Inches high and 

measures 42 inches i n  diameter. 

It i s  an 18-sided 

Some of the new components t o  undergo t e s t i n g  f o r  the 

first time aboard TIROS are d i g i t a l  clocks, control  system, 

horizon scanners, so l id  s t a t e  commutators f o r  telemetry and 

a new t r igger ing  system f o r  the cameras. 

The 9,100 s o l a r  c e l l s  mounted on the top and sides of 

the satell i te s t ruc ture  have been changed from pos i t i ve  on 

negative (P on N) t o  negative on pos i t i ve  (N on P), which do 

not de t e r io ra t e  as rapidly i n  the a r t i f i c i a l  r ad ia t ion  be l t .  

Protruding from the top of the  s a t e l l i t e  i s  an 18-inch 

receiving antenna which receives commands from data acquis i t ion  

s ta t ions .  

Four 22-Inch tranemitting whip antennas extend from 

the bottom of TIROS I, o r  the baseplate, which i s  made of .064- 

inch ahmlmm al loy ,  These equally spaced antennas transmit 

t e l ev i s ion  p i c tu re s  and telemetry information ooncerning the  

spacecraft temperature, pressure, ba t t e ry  charge leve ls ,  spin 

r a t e  and other "housekeeping" data, 

-more- 
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Tho two Tv c a m r a s  n r c  inountccl 1;:O cle!;recs a p a r t  on t l w  

r i m  of the s a t e l l i t e  r a t h e r  than i n  the  bottom. T h i s  enables 

eech camera t o  view t h e  Earth once every s ix  seconds as 

TIROS r o l l s  along i t s  orb i t .  

STABILIZATION AND CONTROL SUBSYSTEEIS 

Two dynamic control (DYCON) un i t s  i n  TIROS I control  

t h e  s a t e l l i t e ' s  spin rate, camera t l m i r g  and magnetic attituclc 

coil currents  vhich steer TIROS t:, the cartwheel a t t l t u t i c  

an? maintain i t  i n  tha t  posit ion.  

Short ly  before the burned out second sta,';e of Delta 

separa tes  from ',he t h i r d  stage, the e n t i r e  vehicle  sp ins  up 

t o  approximately 125 rpm. 

To reduce the spin rate t o  10 rpm, a timer trii.;Sers two 

wcizhts attached t o  cables wrapped around the outs ide of thc 

s a t e l l i t e .  As the weights uncoil, they reduce the  sp in  t o  

the desired rate and then automatically drop away from t h c  

spacecraf t .  

The in t c rac t ion  between t h e  Earth 's  magnetic field and 

magnetic mater ia l  i n  the  spacecraft  causes a drat e f f e c t  

which reduces the sp in  r a t e  making t h e  sa te l l i t e  unstable.  

To p r c v m t  this, TIROS I has two types of sp in  c o n t m l  

s:-stems -- a r:ia;netic coil ins ide  t h e  spacecraf t  anti small, 

sol3.c: p r q e l l a n t  rockets  f o r  baclcup. 

-more- 



-10- 

0 

\ 

The magnetic c o i l  i s  made of aluminum and measures 

30 inches long and l e  t i g h t l y  wrapped inside a reotangular 

spool i n  the spacecraft. The epin rate can be kept almost 

constant by sending small charges of eJ.ectrlc current  through 

the ~011. 

A s  a backup, f i v e  pairs of f i recracker-s ize  bolid 

propel lant  rockets mounted on the r i m  of the spacecraft  can 

be f i r e d  upon command from a ground s t a t ion .  

Each rocket motor develops an inpulse of approximately 

1.4 pounds per second, and when f i r e d  i n  pairs, can increase 

the sp in  r a t e  by about three rpm. 

Atti tude Sensors 

Two in f ra red  horizon sensors arranged i n  a V configuration 

determine the s a t e l l i t e ' s  a t t i t u d e  i n  space. The plane of 

the Vz contains the spin axis and the b i sec to r  of the angle 

between the op t i ca l  axes is normal t o  the sp in  vector. 

If the spin axis of the sitellit8 18 n o m 1  t o  an Earth 

r ad ius  the outputs of the sensor8 are iden t i ca l .  If a yaw 

e r r o r  exists, there w i l l  be a r o l l  e r r o r  90 degrees later i n  

o r b i t  because of the i n e r t i a l  r i g i d i t y  of the spin vector.  

T h l s  r o l l  e r r o r  I s  detectable as an inequal i ty  i n  the  

pulse  durations of the two sensors. 

4UOF8- 
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Because accuracy is determined by the  r e s o l u t i o n  and 

r e l i a b i l i t y  of each of the  data  p o i n t s ,  a t  least 10 minutes 

of r o l l  e r r o r  w i l l  be requi red  i n  a given pass .  

Te lev is ion  Cameras 

The camera subsystems are two I d e n t i c a l  &-inch v id i con  

cameras, similar t o  t hose  carried on p rev ious  TIROS missions.  

They have a r e s o l u t i o n  of about two mi l e s  a t  p i c t u r e  cen te r .  

These cameras, mounted on the  side of t h e  spacec ra f t ,  

are canted 

s a t e l l i t e ' s  r o t a t i o n  s o  they can view the Ez r th  once ever: '  

r e v o l u t i o n  (every  six seconds).  

t h e  cameras t o  t ake  p i c t u r e s  only when the s a t e l l i t e  i s  

looking  s t r a i c h t  down a t  E a r t h .  

26 degrees t o  each  s i d e  of the p l ane  of t h e  

An on-board t imer  programs 

The TV tube  i s  a 500-scan l i n e  v id i con  w i t h  a p e r s i s t e n c e  

t h a t  pe rmi t s  a two-second scan w i t h  less  than 20 per  cen t  

dezrada t ion  i n  p i c t u r e  qua l i t y .  

Each w i d e  angle  camera, us ing  lobdegree  l e n s e s ,  w i l l  

nominally take 16 p i c t u r e s  per o r b i t  a t  128 second i n t e r v a l s  

provid ing  nea r ly  f u l l  dawn-to-dusk coverage. Each p i c t u r e  

w i l l  cover a 550,000 square m i l e  area. The i n t e r v a l  can 

be dccreaseci t o  64 o r  even 32 seconds, thereby proviilini; 

increased  overlap of successive p i c t u r e s  i f  r equ i r ed .  

TIROS I camera systems can send p i c t u r e s  d i r e c t l y  t o  a 

commandand da ta  a c q u i s i t i o n  s t a t i o n  o r  s t o r e  t h e  photos  on 

one of two tape r eco rde r s  f o r  readout  when t h e  s a t e l l i t e  

passes  wi th in  a 1,500 m i l e  rad ius  of a [:round s t a t i o n .  

-more- 
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Television p i c tu re s  transmitted from the  spacecraf t 

a re  reconstructed on special  kinescopes a t  the ground 

s t a t ion  and are  photographed by 35mm cameras. 

Transmission time f o r  a f u l l  o r b i t  of p i c tu re s  takes 

about three minutes and begins when the sa t e l l i t e  receives  

a r a d i o  command from the ground. 

Suff ic ient  tape i s  provided i n  each of the two tape 

recorders f o r  s tor ing  48 p i c tu re  frames a t  a speed of 50 

inches per  second. 

playback and again j u s t  before recording. 

The tapes  a r e  erased immediately a f t e r  

Camera Triggering Subsystem 

Because of the or ien ta t ion  of the  cameras i n  r e l a t i o n  

t o  t h e  spacecraft  a new t r igger ing  system i s  required f o r  

TIROS I so p i c tu re s  a re  taken only when t h e  cameras a r e  

looking v e r t i c a l l y  a t  Earth.  

Each of the cameras has two independent t r i gge r ing  systems, 

a Self-computing Trigger system and a Spin-Synchronized TriC;p;er 

system. A command from the ground w i l l  s e l e c t  which system 

i s  t o  be used. 

The Self Computing-Trigger system i s  control led by an 

on-board computer which p red ic t s  horizon crossings i n  advance 

t o  ready the  cameras and tape recorders f o r  an upcoming 

picture  sequence. 

-more- 
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The Spin-Synchronized Trigger system can operate o n l y  

when the  spacecraf t  i s  Spinning prec ise ly  a t  9.8 r p m .  

Horizon scanners determine the satel l i te ' s  spin r a t e  so the  

t r igger ing  system w i l l  tu rn  the cameras and tape recorders  

on when the E a r t h  is d i r e c t l y  below. 

Power Supply 

The power supply del ivers  up t o  2.2 amperes and cons is t s  

of s o l a r  c e l l s ,  s torage batteries, voltage regulators  

and protect ive c i r cu i t s .  

Solar  energy i s  converted t o  e l e c t r i c i t y  by 9,100 

N on P s o l a r  ce l l s ,  1 cm by 2 cm, attached t o  the top and 

s ides  of the spacecraf t  cover assembly. The c e l l s  a r e  

arranged i n  shingles of f i v e  series-connected ce l l s .  
# 

Each c e l l  has a bonded coat of fused s i l i c a  t o  improve 

thermal emissivi ty  and a vacuum-deposited an t i - re f lec t ive  

coating, p lus  a 6mm shield t o  prevent . rad ia t ion  damage. 

During the daylight orbi ts ,  the  so l a r  array power i s  f e d  

d i r e c t l y  t o  spacecraf t  subsystems. Current which is not 

required i s  used t o  charge 63 nickel-cadmium storage b a t t e r i e s  

which have a capacity of 295 watt-hours. 

The batteries, connected i n  three paral le l  strings of 

21 c e l l s ,  supply spacecraf t  p a e r  during the nighttime. 

-more- 
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Diodes i n  the  solar c e l l s  prevent the  storage b a t t e r i e s  

from discharging i n t o  the solar  c e l l s  during o r b i t a l  night .  

DELTA LAUNCH V E H I C U  

The Delta pro jec t  management p lus  launch operations i s  

under the d i rec t ion  of the Goddard  Space F l igh t  Center. 

The Delta vehicle  has the following general cha rac t e r i s t i c s :  

H e i g h t  90 f e e t  

Maximum diameter 8 feet  

Lif t -off  weight about 57 tons 

F i r s t  stage: Modified Air Force Thor, produced by 

Douglas Aircraf t  Co. 

Fuel : Liquid (Kerosene w i t h  l i qu id  oxygen as oxidizer)  

Thrust :  l70,OOO pounds 

Burning 
time: about 2 minutes and 27 seconds 

Weight: more than 50 tons 

Second stage: Aerojet General Corp., J A  10-118 propulsion 

system. 

Fuel : Liquid (UDMH and Inhibi ted Red Fuming Ni t r i c  Acid) 

Thrust: about 7,500; pounds 

Burning I 

Weight: & tons 

time: approximately 1 minute 40 seconds 

-more- 
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Third  stage: 

Fuel : Solid 

Allegany B a l l i s t i c s  Laboratory X-258 motor 

Thrust: Approximately 5,700 pounds 

Burning 
t imc : 26 seconds 

Weight: 576 pounds 
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U. S. Weather Bureau: 

D r .  Robert White, Director 

David S. Johnson, Director, National Weather S a t e l l i t e  
Center 

Douglas Aircraft  Co.: 

?.larcus F. Cooper, Director, F lor ida  Test Center 

Jack Klien, Director, Delta Programs 

Radio Corp. of America: 

Abraham Sckrlapf, TIROS Project  Manager 
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Satellite 

TIROS I 
TIROS I1 

TIROS I11 
TIROS IV 

TIROS V 
TIROS VI 

TIROS VI1 

TIROS VI11 

NlMBUs I 

Launch Date 

April  1, 1960 

Wov. 23, 1960 

July 12, 1961 

Feb. 8, 1962 

June 19, 1962 

Sept. 18, 1962 
June 19, 1963 

Dec. 21, 1963 
Aug. 28, 1964 

tif etiaact Inellnation 

23 mos. 48 degrees 

10 mo8. 48 degrees 

43 mo8. 48 degrees 

43 mos. 48 degrees 

la mos. 58 degrees 

13 mos. 58 degrees 

still 58 degrees 

S t i l l  58 degrees 

26 days near polar/  
82 degrees 

operating 

operating 

P ic tures  
Taken 

22 , 952 
36,156 

35,033 

32,593 
58,226 

66,674 

95,579 
66,444* 
27,000 

Total  p ic tures  440,631 

*At3 of Mid-January 

E i g h t  TIROS stow trackers plu8 the Nimbus I weather ob- 

server have spotted almost every t r o p i c a l  storm and hurricane 

since 1960, enabling the Weather Bureau t o  issue more than 

5,000 nephanalyses and 1,OOO stom bul le t ins .  

-End- 
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