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2 September 1968 

From: Code 5614 NRLo 

To: SAFASS Wm Boenning 

Subj: Additional costing details relative to Enclosure #2 of NRL ltr of 

20 August 68, BYE-51911-68. 

Io Sign~ficanie of t~e Gravity Gradient Stabilization Problem isolated 

in Mission 710.5 o 

A. Mission 7105 flight experience presented evidence which had heretofore 

been unavailable to-the community, concerning the ~nstabilities of the 

attitude stabilization·system~ when they are subjected to the orbital 

sunlight/darkness conditionso b~f~ij iia~r~~B these effects were isolated 

and the stabilization S¥Stems/for Mission 7106 were judged to be inadequate 

to fulfill fHi,di~iR~iuior ±k±x Mission.7106. These demands for in-flight 

satellite attidiude stabilization are imposed by the collectiofi antennas 

being used.and more importantly by the requirmeBts for station-keeping 

or control led separation between the four satellites r In Mi~c;;.ion '11 o: 
for the first time in this Program it will be pos~t6~e ::cu/4u:y:~d: u Cd 

capability at the ground based data collection sites,to monitor all fonr 

of t~e satellites at the same timeo This capability will allow observation 

Bo Wi±~x~k~x increased capability for the attitude stabilization is 

also demanded for Mission 7106 in order that the four satellites may be 

controlled in their flight separations by use of on-board thruster systems. 

HANDLE VIA 
BVF.MAN • 

)L=>..._____._..==l-time attidiude monitoring of th~O~'F!t&l1i5·f!!.9Tir'PrONLV 
Mis-~~~~ en imposed by the requirement to maintain close 
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orbital spaceings. Even though the on-board thrusters are very low-level 

devices the delay of several days after a thrusting maneuver wmimxmxmmn 

to discern the change in spaceing can result in a very long response time 

to the stati.on keeping situation. W:i::kk Four satellites m:mxmxem:m:kmxmie:iRgJ: 
required in a tight in-line cluster in orbit Mission 7106 has severely 

imcreased demands for fast response in the thruster action and also in 

the ground based data analysis ca~ability which will support the flight 

systems in order for the full operational capability_of these operational 

collection systems to be attained. 

XXX o. It has thus been necessary to great~y enhance the flight system 

~esign for GGS and on-board thrusters for Mission 7106, at a time late 

in the &velopment cycle. NRL thus was faced with a schedule pace-setting 

R & D effort late in FY-68 which causeda delay in the launch schedule for 

Mission 7106. In the 20 August 68 NRL Budget paper it was poj_nted out 

that two types of Costs were contained in Enclosure #2: (1) direct costs 

assocai.a ted with the Gravity Gradient Stabilization technical diff icucb,ty 

and ~xk (2) other costs which were delayed into FY-69 because of the 

schedule delay. Inx order to clairfy these Items from Enclosure #2 

they will be treated sequentially as follows: 

New type of GGS boom material utilizing an interlocking type construction 

wa.s undertaken by two companies.simultaneously to reduce the risk in further 

schedule delays and to assure the production of a usa~le boom material 

in the time a~ailable. The interlocking construction will greatly increase 

the axial rigidity under orbital thermal conditcbons, which are the limiting 

factors in the system as demonstrated in Mission 7105. The first company 

WestYH8tt5u~~Lh~~9a:Ni!~~i~~iiic~ boom material which appears satisfactory 

if it can be manufactured in ·the required lengths and this contract is 

given in Item #1 of the refetlence (a)~ Enclosure #2. In addition it has 

been pointed out that a second contract for $84K has been awarded to the 

Spar Company (an outgrowth from the DeHavialland Co of Canada) to design 

a material and mechnaism for deployment (Called BiStem} which now seems to 

have the required performance characteristics for Mission 7106A,C and D. 

Item #2 is the cost of integrating this Bistem mechanism inroo the Philco 

3-axis stabilization GGS/~9~~2~. 

# ~O'-"'. • 11 • t th h 1 1 -~ k Item ·3 is the 11_cost of commercia y carryil~g ou e T erma i.Ba ance wor .. 
HA1'1DLE ,, l~ 

which ~~-~~Y incorporating the new boom materigyE~R~O a desifn 
h • ~~~,,1-1 1 d · .,,...,~ - ll • ~~wr.rH'\~ ir.V§;TF.M ONL w ich ~~~ .n comp ete ~~,.re Sate ite 1.,11J6EN•1a!i: f>awance. 
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Item #4. Was the cos of integrating into the G.E. design for their 

Rod-Wheel three-axis GGS semi-active system, the Bistem material for 

a flight in Mission 7106B. 

Item #5 x~ixiM~ii~x~!Rx~ the category @mxm~mmm which has been budgeted 

for in late Fy-68 but due to the delay in the flight schedule ha~~x 

now been necessary to be carried overinto FY-69. The Thermal/Vacuum 

test of the flight payloads are carried out in the NRL Vacuum chambers 

whwre it is necessary to subject them to the conditions of outer space 

including the solar simalation tests. These tests take about 30 days 

per payload at a cost of $2000.oo per day. 

Item #6 is the investment costs which will be required to support the 

operational Flight systems of Mission 7106 in the face of the increased 

demands for timely information of in-flight payload attitude. These 

demands stem from (1) need to allow quick response for thrusting action 

for station Leeping purposes on the payloads, ( 2) the demands· imposed 

by more directional collection antennas to be used on the payloads. 

The Pulse Code Modulation(~CM) demodulators are required at the data 

collection sites so that the data-link systems may be monitored during 

the actual collection of data, a demand imposed by the new Delayed-Command 

interrogation system to be used in Mission 7106 for the first time. 

The payload is remotely interrogated and in order that the i@~mtrli~~iiiJJ::k 
• ~~i-.:..--7 

collection sys-terns actually in use during collection of data,..be un{i_mbiguously 

known it is mandatory that the PCM data of the payload be monitored. This 

will be proof positive of the state of Data system command so that it 

will no longer be necessary to determine the particular collection system 

in use by the data content alone. 

Improved computer system for reduction of GGS eata will provide the 

quick reactionacapability needed to operationally support the orbital 

spacing requirements discussed above. This is an investment cost for 

the NRL Satellite Techniques Branch and maybe should have been entered 

in Category #III Facilities costs (Investment) instead of the Operational 

Se~vices IV Category. 
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Note* SUMMARY OF FLIGHT EFFECTS NOTED FROM MISSION 7105:· 

1. When the payload was subjedted to a cyclic solar illumination and 

then was shaded by the earth, the long booms di tended to bend. On 

some occasions the individual boom mot'!~ns"~canceld out and the payload 

remained relatively quiesent and sta.bilized. H0wever on 0ther occasions 
l 

the individual boom flexures reinforced e·!!l_ch other and the effect was 

rather violent ••• causin_g rapid Yaw rotation and on the most severe 

occasions causing the payload to actua.lly trun upside down for a 
rendered 

period of over one month. This inverted atti tude/;"."~-;i tht:s,..iparticular 

payload XltX operationa11y usless since the collection antenna systems 

are oriented downward at an angle of about 40° from the horizon. 
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