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Instrument Interface Control Volume
Two Panel Array Design

* The Control Volume is a Culmination of Three Factors; Stowed Arrays, Fairing
Envelope, and Operational Sun Angle

* Need to Add Additional Stay out Constraints for Thrusters and Possibly Lateral
Looking Omni Antennas

S0 Degree Sun Angle Constraint 9.5 ft Fairing Constraint
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Stowed array Constraint
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Instrument Interface Control Volume
One Panel Array Design

* The Control Volume is a Culmination of Two Factors; Stowed Arrays and Operational
Sun Angle

* Need to Add Additional Stay out Constraints for Thrusters and Possibly Lateral
Looking Omni Antennas

S0 Degree Sun Angle Constraint 9.5 ft Fairing Constraint

a

/

Stowed array Constraint
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55 Degree Two Panel Design

(7)

Cons
(1) Mechanical Interference
(2) Stowed Solar Cell Area (873 in*2)
(3) Difficult Setting Both Marmon Clamps
(4) Difficult ACS Solar Procession Control
(5) Overall Mass of Solar Array Assembly
(6) One Point Array Arm Deployment
(7) Lateral Omni Antenna Coverage
(8) Solar Array Flatness After Deployment

Pros
(a) Operational Sun Angle

9.5 ft Fairing

290.5 in Diameter

Inner Panel = 28.6 inches
Outer Panel = 74.5 inches



50 Degree Two Panel Design

Cons
(1) Stowed Solar Cell Area (990 in*2)
(2) Difficult Setting SC Marmon Clamp
(3) Difficult ACS Solar Procession Control
(4) Overall Mass of Solar Array Assembly
(5) Lateral Omni Antenna Coverage
(6) Solar Array Flatness After Deployment

9.5 ft Fairing

Pros
(a) Operational Sun Angle

256.0 in Diameter
Inner Panel = 20.0 inches
Outer Panel = 65.7 inches
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45 Degree Two Panel Design

Cons
(1) Operational Sun Angle
(2) Solar Array Flatness After Deployment

Pros
(a) Stowed Solar Cell Area (1,218 in*2)
(b) Overall Mass of Solar Array Assembly
(a) | (c) ACS Solar Procession Control
(d) Setting Both Marmon Clamps
(e) Lateral Omni Antenna Coverage

9.5 ft Fairing

L]

(a) m

Inner Panel =12.7 inches
Outer Panel = 58.7 inches
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40 Degree Two Panel Design

Cons
(1) Operational Sun Angle
(2) Solar Array Flatness After Deployment

Pros
(a) Stowed Solar Cell Area (1,441 in*2)
(b) Overall Mass of Solar Array Assembly
(c) ACS Solar Procession Control
(d) Setting Both Marmon Clamps
(e) Lateral Omni Antenna Coverage

9.5 ft Fairing

204.5 in Diameter
Inner Panel = 6.8 inches
Outer Panel = 52.5 inches
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50 Degree One Panel Design

Cons
(1) Stowed Omni Antenna Coverage

Pros
(a) Operational Sun Angle . 10.0 ft Fairing
(b) Stowed Solar Cell Area (1,565.0 in*2)
(c) Overall Mass of Solar Array Assembly (c)

(d) ACS Solar Procession Control
(e) Setting Both Marmon Clamps
(f) Solar Array Flatness After Deployment

(b)
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45 Degree One Panel Design

Cons

(1) Operational Sun Angle —
(2) Stowed Omni Antenna Coverage
Pros
(a) Stowed Solar Cell Area (1,588.0 in*2) 9.5 ft Fairing
(b) Overall Mass of Solar Array Assembly (b)
(c) ACS Solar Procession Control

(d) Setting Both Marmon Clamps
(e) Solar Array Flatness After Deployment
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Environmental Loads (1 of 8)

- Static Acceleration Design Limit Loads
— All Components and Bracketry
Design Accelerations Design Acceleration Philosophy
N
Component Wt. (Lbs) G's * These accelerations are to be used for component testing ™ SN
by sine burst or centrifuge, os ™
0.1 60
1 60 - Apprpriate factors of safety shall be applied to these \\
100 20 accelerations \\\
- For designated components, the acceleration level from
this curve may also be used for vibration test tailoring
100_1 1 Weight (Lbs) 10
Fame Flight Level Acceleration Environment for Components
All Three Axes
— Instrument and System
SYSTEM INSTRUMENT *
LOAD CASE Axial Lateral Axial Lateral
LV Liftoff 2.8 3.0 39 7.0
-0.2 -3.0 -0.3 -7.0
LV MECO 8.2 0.1 11.3 0.2
0 -0.1 0 -0.2
SC AKM Firing 4.7 60 RPM 6.1 60 RPM
-4.7 -6.1
On Orbit 03 0.3 03 0.3
-0.3 -0.3 -0.3 -0.3
Ground Operations 2.0 2.0 2.0 2.0
2.0 2.0 2.0 2.0

* More Detailed Analysis Will be Performed to Refine the Instrument Loads
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Environmental Loads (2 of 8)

« Random Vibration Design Limit Loads
— Instrument Components

Fame Component Random Vibration Environment

0.4
G"2/Hz
\\
0.01
0.001
10 100 Frequency (Hz) 1000

Instrument Deck Components
Axes Lateral to Mounting Plane

10000

Fame Component Random Vibration Environment
1
0.1 / \\
N]
yd AN
G"2/Hz
4
0.01
0.001
10 100 Frequency (Hz) 1000 10000
Instrument Deck Components
Axis Normal to Mounting Plane
Flight Level Environment Test Levels
Margin Above Duration
Flight Level (dB) (Minutes)
Frequency (Hz) G"2/Hz
Non-Flight Prototypes 6 2
20 0.01 (Design & Qualification Level )
150 0.125
350 0.125
2000 0.01 Flight Units 3 2
( Protoflight Acceptance Test)
9.3 Grms

Flight Level Environment

Frequency (Hz)

20
160
250

2000

7.4 Grms

G"2/Hz

0.01
0.08
0.08
0.01

Test Levels
Margin Above
Flight Level (dB)

Non-Flight Prototypes 6
(Design & Qualification Level )

Flight Units 3
( Protoflight Acceptance Test)

Duration
(Minutes)

2
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Environmental Loads (3 of 8)

« Random Vibration Design Limit Loads
— Bus Components

Fame Component Random Vibration Environment

0.1
N\
7
/ N
G"2/Hz /
0.01
0.001

100

Frequency (Hz) 1000

Bus Mounted Components

Axis Normal to Mounting Plane

10000

Fame Component Random Vibration Environment

0.1

G"2/Hz

0.01

0.001

10 100 1000

Frequency (Hz)

Bus Mounted Components
Axes Lateral to Mounting Plane

10000

Flight Level Environment

Frequency (Hz) G"2/Hz
20 0.01
80 0.3
200 0.3
2000 0.01

11.3 Gms

Test Levels
Margin Above
Flight Level (dB)

Non-Flight Prototypes 6
(Design & Qualification Level )

Flight Units 3
( Protoflight Acceptance Test)

Duration
(Minutes)

2

Flight Level Environment Test Levels
Margin Above
Flight Level (dB)
Frequency (Hz) G"2/Hz
Non-Flight Prototypes 6
20 0.01 (Design & Qualification Level )
80 0.08
200 0.08
2000 0.01 Flight Units 3

( Protoflight Acceptance Test)
7.4 Grms

Duration
(Minutes)

2
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Environmental Loads (4 of 8)

« Random Vibration Design Limit Loads
— Instrument Subsystem

0.1000
G'2/Hz
0.0100
0.0010
10 100 1000
Frequency (Hz)
FAME System Flight Level Random Vibration Environment
Flight Level Environment Test Level
Margin Above Duration
1.2 Grms Ovwerall Flight Level (dB) (Minutes)
Frequency (Hz) G"2/Hz Engineering Model
(Qualification Level) 6 2
20 0.0020
100 0.0100 Flight Spacecraft
200 0.0100 ( Protoflight Acceptance 3 2
Note: The Spectrum will be tailored to keep
All 3 Axes primary structural responses below
Dessign Limit Load X 1.05
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Environmental Loads (5 of 8)

« Random Vibration Design Limit Loads

0.1000
G'2/Hz
0.0100
0.0010
10 100 1000
Frequency (Hz)
FAME System Flight Level Random Vibration Environment
Flight Level Environment Test Level
Margin Above Duration
1.2 Grms Ovwerall Flight Level (dB) (Minutes)
Frequency (Hz) G"2/Hz Engineering Model
(Qualification Level) 6 2
20 0.0020
100 0.0100 Flight Spacecraft
200 0.0100 ( Protoflight Acceptance 3 2
Note: The Spectrum will be tailored to keep
All 3 Axes primary structural responses below
Dessign Limit Load X 1.05
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Environmental Loads (6 of 8)

* Acoustic Vibration Design Limit Loads

— Components, Subsystems, and Systems

Third Octave Sound Pressure Level (Ref. 2 X 102-5 N/M”2)

FAME Flight Level Acoustic Environment

140.0
130.0
v N
bl N,
-
X
¥ \K
120.0
X
110.0 \x
-+
100.0
10 100 1000 10000
Frequency (Hz)

One Third Octave
Frequency (Hz)

32
40
50
63
80
100
125
160
200
250
315
400
500
630
800
1000
1250
1600
2000
2500
3150
4000
5000
6300
8000
10000

OA

Duration

SPL (dB)

121.5
124.0
127.0
127.5
128.5
129.0
129.5
129.5
130.0
130.0
130.0
129.0
126.5
124.0
121.0
117.0
114.5
112.0
109.5
108.0
106.5
104.5
104.0
103.0
102.5
102.5

139.8

1 Minute

001025FAME_TIM_Mechanical.15




Environmental Loads (7 of 8)

« Shock Vibration Design Limit Loads

— Instrument Components

001025FAME_TIM_Mechanical.16

10000

Fame Component Shock Response Design Levels

1000

G's

100

100  Frequency (Hz) 1000

All Instrument Components
All Three Axes

10000

Design Environment
Shock Response Spectrum Levels

Frequency (Hz) G's
100 100
1000 1000
10000 1000
Q=10




Environmental Loads (8 of 8)

« Shock Vibration Design Limit Loads
— Bus Components

Fame Component Shock Response Design Levels

10000

1000

G's

100

10 100 Frequency (Hz) 1000 10000

All Bus Components
All Three Axes (Q=10)

Design Environment
Shock Response Spectrum Levels

Frequency (Hz) G's
100 100
1000 2500
10000 2500
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Star Tracker Information

* 90 Degrees of Separation Between Star Tracker Vectors

« Star Tracker Power = 10 watts, Star Tracker Mass = 5.5 Ibm + 1.5 |lbm + 3.0 lbom = 10.0 Ibm

* Operating Temperature Range = -30 to +55 degree C

 FOV =20 by 20 degree, Earth/Moon Exclusion = 60 by 60 degree, Sun Exclusion 90 by 90 degree
« Mass Will be Budgeted on the Spacecraft Bus Side of the Interface

Bracket

001025FAME_TIM_Mechanical.18



Omni Antenna Information

1.894 in. Dia. 3.875 in. in Height —

Radome 12.0 in. Dia. Ground Plane

.220 in. Thru Hole on 5.50 in. Dia.
Qty 4
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Spacecraft Coordinate System
Definition

« Coordinate System Origin At Station Location 0.0

STATION |19.8

!
,W i Y Y
: STATION 103.4

F@T——hg Z a i | i STATION 53,9

[ T | [ STATION 77.7

i “'ﬂ STATION 76,7

\' STATION 71,7
i STATION &&,2

=2 — '/’\ = STATIOMN 36,2

STATION 30.8
1/

STATION |&.2

% STATION 0.0 LY INTERFACEI
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Instrument to Spacecraft Bus Interface

* The Details of the Bolted Interface is a Function of the Instrument to Spacecraft Bus
Alignment Requirement Obtained from the Overall Alignment Error Budget

34.0 inch Diameter

Surface Will be
Tailored to Meet
Instrument
Requirements

—

36.5 inches +0.0 —1.0 inch
Diameter

* The Mounting Surface Pattern Can be Clocked any Orientation About the Thrust Tube
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Mass Properties

The Center of Mass and Inertia Requirements of the Deployed Spacecraft from the
ACS Subsystem are:

I1zz (spin axis) = 380 to 420 kg * m”2

Ixx = (0.89 to 0.91) * lzz
lyy =(0.89 t0 0.91) * I1zz
Ixy =0to4kg*m*2
Ixz = 0.5 kg * m”*2

lyz = 0.5 kg * m”2

Xcg =0to5mm

Ycg =0to5mm

Zcg =0 to 2.5 mm
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Spacecraft Bus Mechanical
Requirement Table (1 of 5)

System -
Subsytem Category Item Requirement Description
SC Bus - ACS NA Spin Rate 40 minutes * 2 minutes

NA Spin Rate Variation + 54 marcsec/sec
NA Spin Rate Knowledge 40 arcsec (1 sigma)
NA Precession Angle 45 degrees * 5 degrees
NA Precession Rate 20 days * 2 days
NA Precession Rate Variation + 600 marcsec/sec
NA Precession Angle Knowledge 10 arcsec (1 sigma)
NA Nutation Angle + 10 arcsec
NA Nutation Knowledge
NA Inertial Attitude Knowledge
NA Transverse Rate Knowledge
NA Maximum Jitter

Operational Modes

Standby Mode, Data Collection

Operational Modes

Inertial Pointing Mode

Operational Modes

Sun Pointing Mode

Operational Modes

Safe-Hold Mode

Operational Modes

Open-Loop Burn Mode

Operational Modes

Active Nutation Control Mode

Operational Modes

Spin Axis Precession Mode

NA

Maximum Mass Allocation

Stowed Configuration

Maximum Power Allocation

Deployed Configuration

Maximum Power Allocation
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Spacecraft Bus Mechanical
Requirement Table (2 of 5)

System -
Subsytem Category Item Requirement Description
SC Bus - RCS NA Spacecraft Attitude Control 3 Axis
NA Spacecraft Delta Velocity TBD m/s
NA Maximum Delta Velocity Manuever Time TBD sec
NA Spacecraft Pitch Rate TBD degree/sec
NA Spacecraft Yaw Rate TBD degree/sec
NA Spacecraft Roll Rate TBD degree/sec
NA Thruster Control Authority Margin 25%
NA Simultaneous Thruster Firings 4
NA Mechanical Faults to Activation 2
NA Electrical Faults to Activation 3
NA Adiabatic Detonation None
Stowed Configuration [Maximum Water Hammer Surge Press 700 psi
NA Maximum Dry Mass Allocation 50 kg
NA Maximum Propellant Mass 75 kg
NA Static Acceleration As Stated in NCST-X-FMXXX
NA Vibration As Stated in NCST-X-FMXXX
NA Shock As Stated in NCST-X-FMXXX
Thrusters Temperature Range 5 to 40 degree C
Thrusters Maximum Pulses 20,000
Thrusters Minimum Impulse Bit .004 N*sec
Thrusters Thruster Level .2to5N
Thrusters Burn Duration 10 ms to 30 minutes
Thrusters Cold Starts 0
Thrusters Alignment 0.5 degree
Thrusters Total Impulse per Thruster 10,000 Ib*sec
NA Factors of Safety 25t01
NA Tank Design MIL-STD-1522
NA Propellant Lateral Center of Mass 5cm
NA Cleanliness MIL-STD-1246 Level 100A
NA Maximum Power TBD watts
NA Valve Leakage per Seat < 1E10"-5 scc/sec He
NA Plume Contamination TBD
Solid Rocket Motor Alignment 1.0 degree
Solid Rocket Motor Interface Temperature TBD degree C
Solid Rocket Motor Delta Velocity TBD m/sec
Solid Rocket Motor Total Mass TBD kg
Solid Rocket Motor Case Leakage < 1E10"4 scc/sec He
Solid Rocket Motor Maximum Acceleration TBD ¢'s
Solid Rocket Motor Maximum Offload 20%
Solid Rocket Motor Maximum Spin Rate 60 RPM
Solid Rocket Motor Minimum Temperature TBD degree C
Solid Rocket Motor Maximum Temperature Gradient TBD degree C
Solid Rocket Motor Maximum Burn Time TBD sec
Solid Rocket Motor Static Balance TBD oz*in
Solid Rocket Motor Dynamic Balance TBD o0z*in"2
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Spacecraft Bus Mechanical
Requirement Table (3 of 5)

System -
Subsytem Category Item Requirement Description
SC Bus - NA Flight Vehicle Separation and Disconnect
Mechanism NA Spacecraft Separation and Disconnect
NA Solar Array Assy Deployment Angle
NA Solar Array Assy Deployment Variation
NA Array Arm Deployment Variation Total .2 inch Flatness Across Entire Arm
NA Maximum Jitter
Trim Tab Quantity & Location Six Total, One at End of Each Array Arm
Trim Tab Degrees of Freedom One DOF, Pitching Up and Down
Trim Tab Flatness 5 mm for 2 meters in Length
Trim Tab Maximum Angle Travel + 45 degrees
Trim Tab Minimum Angular Increment 0.02 degree
Trim Tab Minimum Surface Area 0.2m"2,0.5mby 0.4 m
Trim Tab Optical / Surface Properties 0 <0.15&Cs > Cd
Trim Tab Thermal Radiation Delta T < TBD degree C, Delta < TBD%
Trim Masses Quantity and Location for Center of Mass Three Total, Parallel to x, y, and z Axes
Trim Masses Quantity and Location for Moments of Inertia | Two Total, 45 degree in xz and yz Planes
Trim Masses Minimum Mass 10 kg for CG and two 10 kg for Inertias
Trim Masses Minimum Range of Motion 1.0 meter
Trim Masses Minimum Step Increment TBD
NA Maximum Mass Allocation
NA Star Tracker Contamination Door
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Spacecraft Bus Mechanical
Requirement Table (4 of 5)

System -

Subsytem Category Item Requirement Description
SC Bus - Temperature Component Operational -10 to 40 degree C
Thermal Temperature Component Non-Operational -20 to 50 degree C

Temperature Maximum Thermal Gradients TBD
Instrument Operational Interface Temperature 18 to 22 degree C
Instrument Non-Operational Interface Temperature TBD
Instrument Interface Conduction TBD
Instrument Interface Radiation TBD
Environmental Solar Flux 415 to 444 BTU / (hr*ft"2)
Environmental Earth IR 75 BTU / (hr it"2)
Environmental Maximum Eclipse Duration 15 minutes
Launch Pre-Launch Temperature TBD
Launch Temperature TBD
Launch Vent Rate TBD
Power - Electronics Operational 283 watts TBR
Power - Electronics Sunvival 155 watts TBR
Power - Electronics Launch Sequence 60 watts TBR
Power - Heater Operational 24 watts TBR
Power - Heater Sunvival 91 watts TBR
Power - Heater Launch Sequence 0 watts TBR
Parts & Materials Optical Properties BOL TBR
Parts & Materials Optical Properties EOL TBR
Parts & Materials Outgassing NASA Spec
Parts & Materials Grounding MLI 50 ohms or less, Ag Teflon TBD
Parts & Materials Attachments TBD

NA Maximum Mass Allocation TBD

NA Maximum Jitter TBD
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Spacecraft Bus Mechanical
Requirement Table (5 of 5)

System -
Subsytem Category Item Requirement Description
SC Bus - NA Coordinate System As Stated in NCST-X-FMXXX
Mechanical NA Non-Operational Envelope As Stated in NCST-X-FMXXX
NA Operational Envelope As Stated in NCST-X-FMXXX
NA Launch Vehicle Interface
NA Instrument Instrument Interface

ACS Sensor Location

Star Trackers

ACS Sensor Location

Sun Sensor

NA

RF Antenna Location

Solar Array Area

Stowed Configuration

864 in2 per Array Arm

Solar Array Area

Deployed Configuration

605 in"2 per Array Arm

Mass Properties

Flight Vehicle Mass Allocation

Mass Properties

Center of Mass Lateral Location

5.0 mm

Mass Properties

Center of Mass Axial Location

2.5 mm

Mass Properties

Moment of Inertia 1zz

380 < Izz < 420 kg*m”2

Mass Properties

Moment of Inertia Ixx

0.89*Izz < Ixx < 0.91*Izz

Mass Properties

Moment of Inertia lyy

0.89%Izz < lyy < 0.91*Izz

Mass Properties

Product of Inertia Ixz and lyz

X X degree Spin Balance

Mass Properties

Product of Inertia Ixy

<4 kgrm”2

Mass Properties

Mass Properties Report

NA Design Limit Loads As Stated in NCST-X-FMXXX
NA Minimum Flight Vehicle Natural Frequency |As Stated in NCST-X-FMXXX
NA Verified Finite Element Model As Stated in NCST-X-FMXXX
NA Maximum Jitter

NA Factors of Safety As Stated in NCST-X-FMXXX
NA Outgassing As Stated in NCST-X-FMXXX
NA Parts, Materials, and Processes As Stated in NCST-X-FMXXX
NA Magnetic Dipole 100 Pole - cm
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Spacecraft Mass Properties Summary
(1 of 3)

FAME MASS PROPERTIES REPORT (Sl Units)

August 1, 2000

TOTAL [ UNCERT CENTER OF GRAVITY INERTIA ABOUT COMP CG
SUBSYSTEM COMPONENT aTy MASS MASS MASS Xcg Y cg Zcg boc Iyy lzz COMMENTS
(ka) (%) (ka) (m) {m) (m) (kg*m"?) (kg*m"2) (kg*m"2)
TOTAL SPACECBAFT (STOWED IN LY) 1036.79 NA NA 0.0 0.0 0.5 NA NA NA
TOTAL SPACECRAFT (DEPLOYED) 561.66 NA NA 0.0 0.0 0.9 446 437 361
INSTRUMENT SUBSYSTEM 229.20 NA NA 0.0 0.1 1.4 38 26 413
INSTRUMENT ASSY 1oiw: 22820 20% 141.00 oo 0.1 14 364 264 425 LOCKHEED MARTIN
1% 0.00 0% 0.00 oo 0o 0o 0o 0o 0o
STRUCTURAL SUBSYSTEM 90.79 NA NA 0.0 0.0 0.5 37 37 40
BUS THRUST TUBE 1 ix 25.35 0% 2305 0o 0.0 05 6.4 6.4 5.1 CALCULATED
INSTRUMENT INTERFACE DECK 1% 5.24 10% 476 oo 0.0 1.1 13 13 27 CLEMENTIME, SCALED
ELECTRONICS DECK 1 % £.24 10% 567 0o 0.0 0.1 2.0 2.0 41 CLEMENTIME, SCALED
EMNCLOSURE PANELS B ix 13.46 10% 2.04 0o 0.0 0E 78 78 138 CLEMENTIMNE, SCALED
INSTRUMENT SUPPORT PANELS Ioix 11.22 10% 340 oo 0o 07 ih ih 57 CLEMENTIME, SCALED
LONGEROMNS B ix 508 10% 0.77 i} 0.0 06 34 34 0.7 CLEMENTIME, SCALED
DECK ANGLES 12 ix 389 10% 0.29 i1} 0.0 0.6 in in 43 CLEMENTIMNE, SCALED
THRUSTER BRACKETS g oix 060 10% 0.07 oo 0.0 1N 0.6 0.3 0.6 CLEMENTIME, SCALED
OMMNIANTEMNMNA SUPPORT ARM 1 ix 065 10% 0.59 0a 0.4 0.1 0.0 0.0 0.0 CLEMENTIME, SCALED
MISCELLANEOUS HARDWARE 1 ix 544 20% 454 oo 0.0 [IN] 0.0 0.0 0.0 ESTIMATED
BALANCE MASS 1% 13.61 20% 1134 oo 0o 0.1 24 24 24 ESTIMATED
1 ix 0.00 0% 0.00 i} 0.0 0o 0.0 0.0 0.0
RCS SUBSYSTEM 72.77 NA NA 0.0 0.0 0.8 5 4 4
PROPELLANT TAMK 1% 893 10% 416 oo 0.0 0g 0.0 0.0 0.0 CLEMENTIME, SCALED
PROPELLANT 1 % 49.89 25% 38492 0o 0.0 0.8 1.2 1.2 1.2 CALCULATED
PRESSURE TRANSDUCER 1 ix 075 10% 0.68 i} 0.0 06 0.0 0.0 0.0 CLEMENTIME, SCALED
WALVES 1% 200 10% 1.87 oo 0o 06 0o 0o 0o CLEMENTIME, SCALED
THRUSTERS 8 ix 286 5% 0.34 0o 0.0 0& 25 18 2.8 CLEMENTINE
SAFE / ARM CONTROLLER 1 ix 286 5% 272 0o 0.0 1] 0o 0o 0o CLEMENTINE
MISCELLAMEOLUS HARDWARE 1% 544 20% 454 oo 0.0 04 0.0 0.0 0.0 ESTIMATED
1 i 0.00 0% 0.00 0o 0.0 0o 0.0 0.0 0.0
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Spacecraft Mass Properties Summary
(2 of 3)

FAME MASS PROPERTIES REPORT (S| Units) August 1, 2000
TOTAL | UNCERT CENTER OF GRAVITY INERTIA ABOUT COMP CG
SUBSYSTEM COMPONENT aTy MASS MASS MASS ¥cg Y cg Zcg box lyy lzz COMMENTS
(kg) (%) (kg) (m) (m) (m) (kg*m"2) (kg*m~2) (kg*m~2)
ADCS SUBSYSTEM 16.13 NA NA -0.1 -0.1 0.9 ] b 2
1ML 2 ix 157 5% 075 0.0 0o 1] 0o 0.0 0o CLEMENTINE
SUNSENSOR 4 ix 1.63 20% 034 0.0 0.0 1N 0.n 0.0 oo FAME-48 MANIFEST
SUMSENSOR ELECTROMICS 1 ix 1.36 20% 113 0.0 0.0 06 0o 0.0 i} FAME-98 MANIFEST
STAR TRACKERS 2 ix 667 5% 318 0.0 0.0 15 0.0 0.0 i1} CT-h33
PASSNE NUTATION DAMPER 1ix 127 20% 272 -0.6 -0.4 0.1 oo 0.0 oo ESTIMATED
MISCELLAMEOUS HARDWARE 1 ix 163 20% 136 0.0 0.0 0.4 0o 0.0 0o ESTIMATED
1.ix 0.00 0% 0.0 0.0 0o 0o oo 0.0 oo
MECHANISM SUBSYSTEM 53.39 NA NA 0.0 0.0 0.4 79 73 129
LALNCH SEPARATION SYSTEM 1 ix 225 10% 204 0.0 0.0 0.0 0o 0.0 i} CLEMENTIME, SCALED
ARM SEPARATION SYSTEM 1.ix 228 10% 204 0.0 0.0 0o 0.n 0.0 oo CLEMENTIME, SCALED
SOLAR ARPAY RELEASE SYSTEM B ix 299 10% 045 0.0 0.0 06 0o 0.0 0o CLEMENTIME, SCALED
OMMIANTENMA RELEASE SYSTEM 1 ix 0.30 10% 027 0s 0.0 0.1 0o 0.0 0o CLEMENTIME, SCALED
SUMSHIELD RELEASE SVSTEM B ix 1.78 10% 027 0.0 0o 06 oo 0.0 oo CLEMENTIME, SCALED
SUNSHIELD (DEPLOYED) B ix 816 20% 113 0.0 0.0 0.1 18.4 18.4 364 ESTIMATED
CENTER-OF-MASS TRIM MECHAMNISM iix 14.97 10% 454 0.0 0o 0.8 23 23 04 CALCULATED
SUN SHIELD TRIM MECHAMISK B oix 10.48 10% 159 0.0 0.0 0.1 4449 444 89.9 CALCULATED
ORDMANCE CONTROL UNIT 1 ix 328 5% 310 0g 0.4 0z 0o 0.0 0o CLEMENTINE
ORDMANCE HARNESS 1.ix 1.28 10% 113 0.0 0.0 04 0.n 0.0 oo CLEMENTIME, SCALED
SOLAR ARRPAY HINGES b oix 2.99 10% 0.45 0.0 0.0 0.4 0o 0.0 i} CLEMENTIME, SCALED
MISCELLANEOUS HARDWARE 1 ix 27z 20% 227 0.0 0.0 0.4 0.0 0.0 i1} ESTIMATED
1ix 0.00 0% 0.0 0.0 0o 0o oo 0.0 oo
EPS SUBSYSTEM 53.27 NA NA 0.3 -0.2 0.2 69 65 137
SOLAR ARRAY (DEPLOYED) b ix 25.45 10% 386 0.0 0.0 0.1 57.2 57.2 1144 CLEMENTINE, SCALED
PCDU 1.ix 5.99 10% 5.44 0.0 0.8 nz 0.1 0.1 01 CLEMENTINE, SCALED
SPY BATTERY (MIH"2) 1 ix 20.21 10% 18.37 07 -0.3 0.3 0.2 01 0z CLEMENTIME, SCALED - 30A-HR NIH4
MISCELLAMEOQUS HARDWARE 1.ix 1.63 20% 1.36 0.0 0.0 04 0.n 0.0 oo ESTIMATED
1 ix 0.00 0% 0.o0 0.0 0.0 0o 0o 0.0 0o
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Spacecraft Mass Properties Summary

FAME MASS PROPERTIES REPORT (SI Units)

(3 of 3)

August 1, 2000

TOTAL | UNCERT CENTER OF GRAVITY INERTIA ABOUT COMF CG
SUBSYSTEM COMPONENT aTY MASS MASS MASS xcg Y cg Zcg oo Iyy lzz COMMENTS
(ka) %) (ka) (m) (m) m | tgm'a) | kg'm'z) | (gm"2)
COMMUNICATION SUBSYSTEM 17.29 NA NA -0.3 0.2 0.3 1 2 7
TRAMNSFONDER 2 ix g.00 5 3.1 -0.6 0.3 0.2 0.1 0.1 0.2 CLEMEMTIME
DIFLEXER 2 ix 1.32 5% 0.63 05 0.6 0.z 0.0 0.0 0.0 CLEMEMTIMNE
HYBRID / COUFLER 4 x 0.0a 34 0.0z 0.0 0.0 06 0.0 0.0 0.0 CLEMEMTINE
CIMANLAMTEMMA, 3 ix 2.2h 10% 0.6 0.n 0.0 0.4 0.0 0.0 0.0 CLEMEMTIME, SCALED
HIGH POWER AkF 2 oiw 311 Eg 1.48 0.0 0o 0.4 0.0 0.0 0.0 |Chd
COAX CABLE 3 x 040 10%% nevy 0n nan 04 0o 0.0 0o CLEMEMTINE, SCALED
MISCELLANEOUS HARDVWWARE 1 x 1.63 20% 1.36 0.0 0o 0.4 0.0 0.0 0.0 ESTIMATED
1 x 0.00 0% 0.0 0.0 0. 0.0 0.0 0.0 0.0
CT&DH SUBSYSTEM 14.65 NA NA 0.0 0.5 0.3 3 0 ]
SCCONTROLLER 1 x .16 0% 680 0.n 0.4 0.3 01 01 01 ESTIMATED
CABLES 1 " .49 10% 540 0.0 0o 0.4 0.0 0.0 0.0 CLEMEMTIME, SCALED
1 x 0.00 0% 0.00 0.n 0.0 0.0 0.0 0.0 0.0
TCS SUBSYSTEM 14.15 NA NA 0.0 0.0 0.4 2 0 0
THERMAL BLAMKETS 1 x BR3 20% 5.44 0.0 0. 0.4 0.0 0.0 0.0 ESTIMATED
MISCELLANEOLIS HARDWARE 1 x 7h2 20%% b 35 0n 0. 04 0.0 0.0 0.0 ESTIMATED
1 x 0.00 0% 0.00 0.n 0.0 0.0 0.0 0.0 0.0
GEO TRANSFER HARDWARE 47514 NA NA 0.0 0.0 0.0 51 51 35
LAUMCH YEHICLE ADAFTER 1 x b B8R 10%% 533 0n nan -07 n7 n7 12 CALCLULATED
AFT AKM ADAFPTER 1 x 998 10% 9.07 0.0 0o -0.4 1.5 1.5 2.1 CALCULATED
FORMARD AKM ADAPTER, 1 x 349 10% 318 0.0 0. 0.0 0.4 0.4 n7? CALCULATED
AKM 1 x 456 50 5 434.10 0.0 0o 0.0 43.6 43.6 310 CALCULATED
1 ® 0.0o 0% 0.0 0.0 0o 0.0 0.0 0.0 0.0
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Thermal Model Summary

S/IC
Case Study Shear Panel Radiator
1. MLIon Shade Side of S/A * |-100C/-140C = -17C/+15
Black Trim Tabs w/o MLI on Shade Side (see Note 1)
2. No MLl on Shade Side of S/A * -56C/-68C -17C/+15
Black Trim Tabs w/o MLIon Shade Side (see Note 1)
3. No MLl on Shade Side of S/A * -59C/-69C -17C/+15
Black Trim Tabs with MLIon Shade Side (see Note 1)

4. Same as Case 2 but with Silver Teflon * | -51C/-68C -17C/+15
Trim Tabs (see Note 1)

5. Same as Case 3 but with Silver Teflon * = -53C/-69C -17C/+15

Trim Tabs (see Note 1)
6. MLIon Shade Side of S/A. 25% Cell -120C/-150C | -17C/+15
Coverage. Same trim tabs as case 5. (see Note 1)

7. Same as case 6 but w/o MLl on shade -83C/-103C -17C/+15
side of S/A. (see Note 1)

Assumptions:

+307 watts uniformly dissipated on electronics deck.
*Shear panels have Kapton MLI.
*AKM cavity is open.

+91C/+15C
(see Note 1)

+91C/+15C
(see Note 1)

+91C/+15C
(see Note 1)

+91C/+15C
(see Note 1)

+91C/+15C
(see Note 1)

+91C/+15C
(see Note 1)

S/A Beta Cloth| Trim Tab
AKM Cavity | Sun Side  Shade Side | Sun Shield | Heater Power
eachtab
92C -109C -14C 250W
41C 40C -13C 270W
41C 40C -13C 170W
41C 40C -13C 165W
41C 40C -13C 85W
20C -124C -14C 85W
-21C -21C -14C 85W

+91C/+15C
(see Note 1)

Trim Tab
Sun Side | Shade Side

250C/50C || 250C/50C
(see Note 2) | (see Note 2)

258C/58C || 258C/58C
(see Note 2) | (see Note 2)

298C/98C | -35C/-113C
(see Note 2) (see Note 2)

209C/9C 209C/9C
(see Note 2) | (see Note 2)

210C/10C ||-60C/-137C
(see Note 2) | (see Note 2)

210C/10C ||-60C/-148C
(see Note 2) | (see Note 2)

210C/10C ||-60C/-143C
(see Note 2) | (see Note 2)

*Trim tabs are 5”x10”x0.032” aluminum.
*Solar cells cover entire panel surface.
*Beta Cloth used as sun shield between solar panels.

Note 1: First number is temperature of radiator - perfectly insulated from AKM cavity.
Second number is temperature of radiator - coupled to AKM cavity.

Note 2: First number is temperature when trim tab heater is ON.
Second number is temperature when trim tab heater is OFF.

* Case assumes solar panel is totally populated with solar cells on sun side of panel.
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