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- TIMATION III A THE R MAL DESIGN

1. Introduction 
-

. 

- •-  

S

S 

, Phase II thermal design study and analysis on the Timation III A satellite

were performed in accordance with NRL specifications; - 

‘4 
-

1. Orbit parameters

F 
5 145° inclination — 

~~~ ~~~ 
,,~5 ~~

- 7500 NM circular orbit - 
S

2. Satellite structural details

NRL dwg. 79R04 - 16A S S

* 
2 X 0 - 1 9 - O X O  -

3. Thermal requirements

Battery pack temperature 25°C ± 15°

— - Oscillator/T. E. D. assembly heat sink temperature 20 0 C ± 12~
4. Internal power dissipation factors •

A. Initial orbits

(1) Minimum sun 82 watts

(2) 100% s~ n 92 watts -

B. Allowing for degradation after 1 year in orbit S

(1) Minimum sun 66 watts

(2) 100% sun 74 watts
- 

C. Oscillator 2 watts - 
S

T. E. 0. assembly 0 - 4 watts -

D. Battery pack 
-

(1) Minimum sun 9. 0 watts

(2) 100% sun 7. 0 watts 
-

Timation III A satellite is gravity gradient stabilized with a preferred

orientation. However , original capture may be upside down for several weeks

before a flip maneuver.

Phase I study (1) , based on the 36 node thermal analysis on Timation Ill,

shows the feasibility, that the initial design criteria will meet the thermal

requiremcnts of the satellite. However , during the Phase II effort the orbital

- •  1

- - - S ~~~~~~~~~ S 5 • • • -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~



,- a

inclination of the satellite was changed from 90° ± 5 to 145°; Therefore, 
- .

* Phase II study was aimed to reevaluate the thermal design parameters such

as selection of thermal control coatings, location and sizing of thermal radiator
• 4

and solar absorber.

A 128 node thermal math model was generated to determine the detailed

orbital average temperatures in the spacecraft structures for “hot ” and 
-

“cold” orbital situations. 
5

The solar panel positiont anGIe was optimized for the maximum orbital

sunlight on the solar panels. • The orbital variations of the temperature

gradients in the solar panels were predicted for the noon, the maximum, and

the minimum sun orbit . S

—
‘ 2. Thermal Design Approach and Optimization

2. 1 Thermal Design Concept S

Since most of power dissipati ng components are mounted on the mid-shelf,

the thermal design approach will be to maintain the shelf temperatures

within thermal requirements by employing super insulation and radiators .

• The design concept consists of essentially the following:

L Both cylindrical surfaces are covered by multilayered insulation

blankets.

2. Fixed radiator areas (silver teflon coats) are located at both end plates.

3. Solar absorber strips may be employed to compensate for environmental

variations. -

4. The equipment mounting shelf is conductively isolated from bo th

end plates and the outer shell.

5. Internal surfaces are coated by black paint ( *  9) to increase radiation

heat transfer. S

2. 2 The Maximum and the Minimum Sun Orbit S 
-

The spacecraft receives 100% sun during the fli ght of the orbits, whose sun angles ,
are greater than 18. degrees. Howeve r , the spacecraft experiences the

earth ’s shadow, While it drifts from the 18~ sun ang ii~ orbit to 00 sun angle
orbit (noon orbit) . The maximum time the spacecraft will spend in the

earth ’s shadow is 48.7 minutes during the noon orbit.

Figure 1 shows the orbital average heat fluxes on the top and bottom sur-

faces of the spacecraft as iunctions of A, Sun ang le with orbit normal, The

------ S-~
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S maximum sun orbit for the space craft was defined as the orbit with A~72 0.

The maximum temperature in the equipment mounting shelf occurs during
• 

the maximum sun orbit, when the maximum internal power (92 watts)

dissipates in the space craft. - 
S 

-

Two possible cold cases in the space craft should be considered in the

thermal design analysis. One cold case occurs during the noon orbit with 
• 5

the minimum internal power dissipa~!on of 66 watts. The other case may

occur during the A 32° orbit (100% sun time) with the internal power dissipation

of 74 watts. The X 3 2 ° orbit was define d as the minimum sun orbit , - since

the spacecraft receives the minirnum orbital average sunlight during this

— 
orbit. -

• 2. 3 Radiator and Solar Absorber

A 9 node thermal analysis on the Timation satellite (Figure 2) was made

to size the initial radiator area.

From the TilT computer solution of the thermal model the total radiator

areas for the three design cases are plotted as functions of the equipment

mounting shelf thernperatures in Figure 3. Three design cases include one S

S hot case and two cold cases discussed in the previous section.

The design condition in Figure 3 shows that the total radiator area of

3. Ft2 will barely mect the thermal requirement of the T. E. D. assembly and

the battery pack mounting shelf. Therefore, the use of solar absorber was

considered to narrow the shelf temperature differences between hot and cold

case.

The cylindrical strips of the top and bottom shells can be goldplated to serve

as solar absorber . The net absorbed solar energy by the solar absorber

was plotted as a function of sun angle with orbit normal in Figure 4.

Utilizing the goldplated solar absorber the optimum radiator area was

computed and shown in Figure 5. The total radiator area of 3. 5 Ft2 may be

adaquate for thermal control of the spacecraft. -

2. 4 Opt imizat ion of Solar Paddle Position

Tmmation III A satellite has 4 solar array paddles. The paddle axes

are attached to the top shell of the spacecraft by hinge fitting. The paddle

-
- 3 

—- S - ~~~-~~~.- • - -SS--  ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~



—

is 23 inches wide and 52 inches long and is an aluminum-honeycomb sand -

- ( - wich type construction. The solar cells are attached to both sides of the paddle.

The total projected area of the solar array panels in the direction of ~ ‘ 

-

the sun varies around the orbit , and it changes from one orbit to the other.

Therefore, it is necessary to optimize the solar paddle position for the maximum

sunlight. -

For the purpose of the cç tirnization study the solar paddle position angle ~

and initial attitude angle e are introduced. The spacecraft initial attitude

angle 0 is defined as the angle between the spacecraft +X axis and the velocity

vector of the spacecraft (Figure 6). The solar paddle position angle # is define d

as the angle between the solar panel plane normal and the space craft X-Y plane. 5

— - Based on the spacecraft coordinate systems defi ned in Figure 6, the -

total orbital projected areas of the solar panels in the direction of sun are

computed from the orbital heat flux and the shadow computer program.

For the noon orbit the orbital variations of the total solar panel projected

area towards the sun are compare d for 1~~=20 0, ~~~30o and ~~400 cases.
Figure 7 and Figure 8 show the orbital projecte d area of the solar panels for

the noon orbit with the paddle initial attitude angle 8z0° and 8=45°, respectively.
The 4i 400 case shows the largest orbital average projected area, while ~~ 300

case shows smaller orbital variations for both ini tial attitude angles.

For the minimum sun orbit ( X=3 2 °) the orbital variations of the total

projected area of the solar panels towards the sun are shown in Figure 9 and

10 for ~~200, #=300, and ~=400 cases. ~P =20 ° case shows the largest orbital
average projected area among 3 case s for both spacecraft att itude angles,
8=0° and 8=45°.

For the maxiniurn sun orbit ( A ~72 °) , the total orbital projected area of

solar panels towards the sun are plotted in Figure 11 for ‘P =20 0 , ‘P=30
0

~~~400 cases. - 
*

After the launch of the spacecraft on the initial orbit the spacecraft

drift s in the orbit range be tween .X 32° orbit and A ~90° orbit . Therefore,

¾ . 4
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the orbital average projected area of the solar panels towards the sun are

plotted as functions of the solar paddle angle ‘P in Figure 12 for the noon and

minimum sun orbit. 
• - 

4

The solar p.addie ~i.ngle ‘P 4Q 0 was sele cted as the optimum position. Hence

the orbital average projected area of the solar panels towards the sun will be no

less than 14. 6 Ft2 for any orbit of the spacecraft.

* 
3. Thermal Analysis 

- S

3. 1 Computer Model for Steady State Thermal Analysis

A 128 node thermal math model was developed to determine the detailed

— 
temperature gradients in the frames and shells of the spacecraft.

The- nodaL-designations-- fo~’-the thermal m~ th- model of-the-spacecraft are

depicted in Figure 13. The spacecraft is divided into three shelves, the inner
and outer cylinder shells, and the shelf frame nodes. The outer cylinder

shells are divided int o 32 nodes (16 shell node s and 16 insulation outer cover

nodes). The top and bottom shelves are divided into 16 nodes (8 radiator nodes

and 8 insulator/solar cell nodes), while the mid shelf is divided into 8 nodes.

The inner and outer midshelf frames are divided into 8 nodes each. There are

16 inner cylinder shell nodes.

The detailed nodal descriptions are given in Table 1.

Table 1 Nodal Description for 128 Node Model

Node Description S • -

1—16 Outer cylinder shell nodes

17-24 Top shelf - radiator nodes

25-32 Inner cylinder upper shell nodes -

33-40 Mid shelf node s

41-48 Inner cylinder lower shell nodes S

49-56 Bottom shelf - radiator nodes

57-64 Inner midshelf frame nodes , 
S

_ S

65-72 Outer midshelf frame nodes

73 Bottom cove r p lates - Laser reflector

74 Bottom cover cylin~Jer shell-flange( 75-90 
- 

Outer cylinder shell insulation-Kapton cover nodes

L ~~~~~~~~ 



91 -98 Top shelf insulation - solar cell nodes S

9.9 Upper boom housing - outside

( 100-117. Solar array/pane l nodes

118 Upper boom housing insulation - inside 
- 

-

119 Lower boom housing - outside 
S 

S

120 Lower boom housing insulation - inside

121-128 Bottom shelf insulation outer cover nodes 5
-

3. 2 Internal Power Dissipation

Based on the equipment location in Figure 14 and the internal power

dissipation data for Timation III A the nodal power loads are chosen for one

hot and two cold cases in Figure 15. - 

_ 
S

The hot case corresponds to the maximum sun orbit (100% sun time), when
the equipments on the shelf dissipate 92 watts in ~~~~~~ spacecraft. The cold case
1 occurs at the noon orbit (89. 8% sun time after year in orbit), when the S

internal power dissipation is at the minimum level of d6 watts. The cold case
2 corresponds to the 53 degree sun angle orbit (100~~ sun time) after 1 year in

orbit when the internal power dissipation is at the level of 74. watts.

.3. 3 The Nodal Thermal Properties S

Thermal finishes and properties of the external nodes are listed in Table 2.

Table 2 Thermal Radiation Properties of External Surfaces
2 Shar)e Factor

Nodes Description Emittance Solar Absorptance Area (Ft ) to Space

17-24 Radiator .78 .08 .225 - .99-1.

25-32 Insulator- .013 .007 .72 .29
Inner shell S

41-48 Insulator- .013 .007 .72 .22
Inner shell

49-56 Radiator . 78 . 08 . • 225 - 96.

73* Bottom Flange . 18 . 12 5. 17 1.0
disk S 

•

74 Bottom Flange . 06 . 17 • 2. 5 1. O
cylinder • 

S

* Effective ernittance and absorptance values are based on the white paint
t 85( ~~ = ~—j~-) finishes at the top side and bare aluminum base of Node 73.

¾

S 6

S _~~~_~ ~~~~~~~~~~~~~~~~~~~~ • ------5--— -.-• - —~~S •- -~~~~~- S - - -- --- ----- ~~~—- - -•-~~---S --•-•---— •-- -- • .--- S - - - -_ ----•----S -.---S-—-- --.S S S S ------ • S
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2 Shape Factor
Nodes Description Emittance Solar Absorptance Area (Ft ) to Space

75—90 Insulator . 80 . 40 1. 5 . 86- . 97

( 
S 

outer cover

91— 98 Solar Cell ; 83 • 70 • 166 - . 68 ?~99

99, 119 Boom 5
5 .... 96 .98 .38 .99

housings - 
S 

S

100-111 Solar Cell .83 .70 1, 38 . 85- .99

112-117 Solar Cell • 83 .70 8.3 ..93-.9Z
121—128 Insulator .80 

— 
.40 _ 79 - ,93

-
. 

- - 
The detailed nodal radiation shape factors to space are computed by CONFAC

— — program and listed on the attached THT computer input data for 128 node

Timation Ill model. 
- - S 

S

Ali the internal surfaces are covered by black paint ( . 9) to increase the
radiation heat trarsfer. The internal radiation shape factors are computed by

CONFAC computer program. The nodal effective emittance data are again

computed by Scri pt F computer program. 599 .nodal couplings and effective

emittances are listed on the attached THT computer input data for 128 node

Timation III model.

Three shelf areas were reduced by 15% to take into account the radiation

S block ings by internal harnesses and cables. 
-

S Based on the NRLdrawings, 79R04-16A and 2X0-19-OXO , the thermal
conductances and capacities of Timation III are calculated. 188 conduction

coupling pairs and their conductance values are listed on the attached THT

computer input data for 128 node Tirnation III model.
3. 4 Computer Model for Transient  Thermal Analy s is  of Solar Cell Array Panels

A 29 node thermal math model was developed to determine the orbital temperature

gradients in the solar panels. The nodal designations of the model are depicted

in Figure 16. 5 
5

The model consists of 1 spacecraft node and 28 external nodes, which are
S directly comparable to the external surface nodes of the 128 thermal model.

¾ -

7

~~~~~~~~~~ 5 ~~~~~~~~~~~~~~~~~~~~~ S ~~~~~~
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Therefore, the orbital heat flux data for 128 model are obtained by taking

the average value of the corresponding heat flux data for the 29 node .rnodel. 4.

The solar pa~1d~e, which experiences the worst orbital solar shadowing

S effect , is chosen for the detailed temperature gradient study. The solar

paddle consists of 12 panel nodes . The nodal descriptions of the 29node model

are given in Table 3. 
- 

S ~~~~ 

- 

- S

* 
Table 3 Nodal Description for 29-Node Thermal Model

S Node Description

1-8 Insulation outer cover nodes

- 
9 Radiator node on top shelf

10 Radiator node on bottom shelf S

- 
11-28 Solar Cell panel node s - S

29 Spacecraft interior node

3. 5 Orbital Heat Flux

The all planet orb it heat flux program was used to generate the orbital heat

fluxes on t ie external nodes. The solar shadowing on the nodal surfaces were

obtained from the orbit shadow program , which was specially developed for a
S gravity gradient stabilized spacecraft in a circular orbit with extended solar cell

panels.

The nodal orbital solar heat fluxes for noon orbit are shown in Figure 17 through

Figure 23 , when the solar cell array panel positions are fixed at ‘P =40 0 and

o =0~ The solid lines represent the real orb ital solar fluxes on the exposed

nodes by taking the nodal shadow percentages into account. The dotted curves

with the primed node numbers are for the orbital solar fluxes without including

the solar shadow effects . 5 5 

-

The orbital solar heat flux data for the maximum sun and the minimu.m sun orbit
S are shown in Figure 24 througn Fi gure 32 . It was assumed for the thermal

- 8 5

5 5 5 5 ~~~~~~~~~~~~~~~ - -5- S S S S S S -  5 5 5 5~~~~~~~~~~~~~ S S- -- 5 -S - S . S ~~~~~-— ~~~. .- 5S - -~~~~- - ~~~~~~ -S~~~S~~~~— -~~~~



analysis that the solar cell panels were fixed at ‘ P 4 0° and the initial attitude 5

angle at 0 0 °.

The albedos and earth’s shines on the spacecraft and solar panels are .

comparatively smaller than solar heat fluxes. Therefore , the orbital ave rage

value of albedo. and earth’s shine for each node was used in the thermal analysis.

4. Results . -

- The results from the 128 node computer thermal analysis are tabulated on

the attached THT computer output. The nodal orbital average temperature for

the maximum sun orbit (hot case) , noon orbit (cold case 1) , and the minimum 
-

sun orbit (cold case 2) are shown in Figure 33 thr ough Figure 35 respective1~ .

Table 4 shows the orbital average temperatures of the battery packs and the
- T.E. D. assembly mounting shelves during the maximum and the minimum power

dissipation orbit. The maximum shelf temperat ,ire occur during the maximum

power dissipation of 92 watts, and when $ =18 degree sun angle orbit. is

obtained . The minimum shelf te mpe ratures occur during noon orbit with

internal power dissipation of 66 watts.
5 The results from 29 node transient  thermal analysis are tabulated on
S the attached THT computer output. S

The orbital variations of the solar panel te mperature are shown in Figure 36

through Figure 38 for the noon , the maximum sun , and the minimum sun orbit. S

The minimum average solar panel temperature (-91°C) occurs during

occultation , when the sun/orbi t  ang1e ,~ , is 0. degree (noon orbit). The

maximum average solar panel te mperatures for the noon and the minimum

sun orbit (~3 = 
0) are 48°C.

The orbital temperature gradients of the solar panels are shown in Figure

39 through 41 for the noon , the maximum sun , and the minimum sun orbit.

S 
The maximum orbital temperature  gradients SDr the thrce orbits are shown in.

Table 5. The worst axial temperature gradient (57°C) of the solar panel

occured dur ing the max imum sun orbit , whe n part of the solar panel was

shadowed by the other solar panels. 
-

S 
¾

L 

- .



~~~~~~~5~~ 5~~~~~~~~~~~~~~~~~~~~

-
~ 

- 
--- - V — a

( S 
S

4
-

~t)

C-) C) S 
S

5 I
~

-
~ 0

s—p —~ 
S 

- 
. - 5-— 5 --o 5 

. : - . - -
- S  5 5 

-5 
-

~~~~~~~~~~~~~~ 

-S 5 
- 

- - - 
.

4) -

C.) C-) C)
4) 0 0 0

~— — S.. i.. d ‘n
-

4.. n.~~~ ~~~ 
c.
~1~ --a ~~~

-•
- 

-5,
- 

-‘ 
S

- c -
- 

S

4, 5.-  - - S

4) 4)
tl~ -
Cd

~~~ 5
5~l C.) C)

4, ~~. . 0  0 0
~~~ 

)4 ~44
Cl) —

~ Cd .

— ~~~ 0) 03

Cd ~~ 0,
4..

S +-
~ .0

I_I

0

4)

0.—. 4) -

o

CV)
C., C’~ C.,

id‘-4
C)

Cd 0

.1. IL . . - 

-

.

.
,

~~

.

-- .

. 

.

5
• 

-

ILl

.~~
. E-~

0. . . 5 • .. - S

— Cs-) 5V)

¾

10

. 5 - . -  --- 5- - - S - - S- S -- - S -~~~~~~~~~~~.—--S - - - -5 - 5



- V - 
a ••

Table S Maximum Temperature Gradients S S

S -

- of Solar Panels
(

S Maximum Axial
Orbit Orbit/Sun Angle Location of Orbit Angle Temperature’Grad ient

Noon Orbit - $~~O0 -& 

~~~150° 46.°C
Maximum f l 1 8° a =130° 57.°C

- 
Sun Orbit S~~ 

-

Minimum ~ =58° - a =90° 54.
Sun Orbit 

- 
- 

- S

The temperature gradient through the honeycomb solar panels ( . 5 inch 5

depth) were less than 2. 5°C.
5. Conclusion 

S - 

. S

S S S 
The solar panel position for the maximum sunlight was optimized and f ixed

at the :angle ‘P ~40°. Hence .the total orbital average projected area of the 
-

solar panels towards the sun w ill be no less than 14. 6 Ft2.

The results of the both steady state and trans ient thermal analysis show that

the pre ’sent thermal design is adaquate for the required temperature control of

Timation III A satellite . The design essentially consists of the follow ing:

(1) The total radiator area of 3. 6 Ft2 w ill be evenly distributed at the both
end plates of the spaQecraft. The radiator will be coated by s ilver teflon.

(2) The side strips of the top and bottom honeycomb shells will be gold plated S

and utilized as solar absorber to help the equi pment mounting temperature

in cold orbital situations.

(3) The rest of the top and the bottom plates and both cylindrical surfaces will

be covered by mult ilayered insulat ion blanket. S

Since both radiator and solar absorber are equally div ided and located at S

the top and the bottom shell, no ser ious impacts on the equipment mounting
temperatures are expecte d by letting the spacecraft upside down before a flip
maneuve r. - 

- - - 

-

Based on the present thermal ana!ysis the follow ing designs are recommended. 
S

¾
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6. Recommendations - 
- -

(1) TOTAL RADIATING AREA: 3.60 Ft2

( Location: Both end plates 
- 4

Distribution: Even S - . S

Material Finish: Silver tefton coats
( .08 , 78) 

-

(2) SOLAR HEAT ABSORBER — 
- S 

— - -

2Total Area: 1. 65 Ft -

- 
- Location: B Dth honeycomb ptate ends (3(4 inch strip) 

- 

-

Material Finish: Gold platecr

~~— :  (. 3
/~ Q3)

(3) GRAVITY GRADIENT BOOM HOUSING S 5

Thermal Design: Boom hotiMng to be thermally insulated

Reference: Figure 2

(4) TOP AND BOTTOM SHELL

Thermal Design & Finish: Thermally isolated from outer shell and frame

Reference: Figure~43
(5) BOTTOM COVER PLATE - FLANGE DE SIGN 

S

Thermal Design: Thermally isolated from bottom plate • -

Thermal Finish: Refer Figure 44

(6) SOLAR CELLS ON TOP HONEYCOMB PLATE

Design: To be mounted outside the blanket by means of plastic stand-offs
(7) SPACE CRAFT INTERIOR SURFACE FINISH

S Coats: Black paints c 9 (3M vel vet black) 
- 

S 
S

(8) S/c CYLINDRICAL SURFACES - -

Thermal Design: Covered by super insulation blanke t w ith Kapton outer cover
(9) POSITION OF SOLAR PADDLES - 

S

Angle ‘P : 40. degree
(10) RADIATION COUNTER/SE NSOR 

- - 

-

- 

- 

Thermal Design: Hard mounting on top shell S

Thermal Finishes: Refer Figu re 45 Silver teflon - outside

- Black paint - inside I

¾
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• . 7. Reference 
- -

S 
- 

1. “Thermal Design and Analysis on the Timation III Satellite , ”
( Phase I Preliminary Report to Naval Research Laboratory, Fairchild

Industries, Inc . Fairchild Space and Electronics Div., Germantown, S -

Maryland, June 23, 1972. 
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