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Design Requirements

Spacecraft Design & Test

NASA-STD-5001
NASA-STD-5002
NASA-STD-7001
NASA-STD-7002
NASA-SP-8077
"GEVS-SE

Material Selection
MSFC-SPEC- 522B
MIL-STD-1568
MIL-STD- 889B
NASA-RP-1124

Material Properties
MIL- HDBK-5E
MIL- HDBK-17-2C

Structural Design & Test Factors of Safety for Space Flight Hardware
Loads Analysis of Spacecraft Payloads

Payload Vibroacoustic Test Criteria

Payload Test Requirements

Transportation and Handling Loads
General Environmental Verification Specification for STS & ELV Payloads,

Subsystems and Components

Design Criteria for Controlling Stress Corrosion Cracking

Corrosion Prevention & Control
Protection of Dissimilar Metal Combinations
Outgassing Data for Spacecraft Materials

Metallic Materials & Elements
Polymer Matrix Composites EDS-2
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" Launch Vehicle: Delta Il 7920-10C (2 stage)

e Limit Load Factors:
Thrust: Steady State
Transient
Combined
Lateral: Steady State
Transient
Combined

e Frequency Constraints:

Thrust Axis >35.0 Hz.
Lateral Axes >20.0 Hz.

¢ Sinusoidal Vibration
Thrust Axis

Lateral Axes

Notes:

Lift-off /Aero

2.8/-0.2

3.0/-3.0

Frequency (Hz)
50-6.2
6.2-100
5.0-100

1. The limit load factors are multiplied by 1.25 to obtain the ultimate loads

2. The vibration levels are applied at the base of the payload attach fitting

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Launch Vehicle Requirements

Level
0.5in DA
10g
0.7g
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Launch Vehicle Requirement

Max. Expected Flight Level (+3.0 dB.)

Inside the Dual Payload Attach Fitting ( DPAF) .
10.0 ft. Composite Fairing, with 3.0 in. Acoustic Blanket

Based on a 60% fill factor
1/3 Octave Band  Sound Pressure 1/3 Octave Band Sound Pressure
Frequency (Hz.) Level (dB.) Frequency {(Hz.) Level (dB.)
- ' 315 122.5 630.0 128.5
it o 40.0 125.5 800.0 125.5
/ N 50.0 129.5 1000.0 123.0
7 Y 1 63.0 131.0 1250.0 121.0
N 80.0 131.5 1600.0 120.0
"N 100.0 1325 2000.0 119.5
‘\ 125.0 133.0 2500.0 119.0
160.0 133.0 3150.0 118.0
N 200.0 133.5 4000.0 116.5
\ 250.0 134.5 5000.0 114.0
315.0 135.5 6300.0 110.0
1. L 400.0 135.0 8000.0 106.0
A vt o - 500.0 133.5 10000.0 103.0
OASPL 144.1

dB Reference, 20 micro Pa.
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Launch Vehicle Requirement

Shock Response Spectrum
3712C Payload Attach Fitting with Separation Bolt Preload 5700 Ibs.

B Frequency Response
7 (Hz.) Acceleration (g’s)

. ¥ 100 40
}""' £ 1500 4100
i VAN 10000 4100

/ .
! 10 ’,//

18 L m Lo {0000
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Instrument Requirements

* Instrument Jitter and Stability .

® = =F=F] Jitter Stability
1 =::::_—_; S . GUVI:
0.04° / .068 sec. PR 0.1°/ 15 sec.
ke =
g ? o N B . | . SABER:
B [T » 0.005°p-p /0.5-10. Hz.  0.0075°p-p /sec.
amot < : 0.028°p-p/ 10-100. Hz.  0.025°p-p/ sec.
001 {—o AGLY [ok. Pchy .
©8ABER (Rot) N . 1 SEE:
0.03°/ sec. 2.0°/ 60 sec.
°‘w;.wl 0.01 a1 1 10 100 .
Attitude Control _( Stabithy ) H Stuchural Oynamics {Jiter ) TIDI:
IsenovGs) 0.03° /.25 sec. .03°/ 10 sec.

Allowabie Angular Movement
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Selected Materials
Spacecraft Structure
Primary Structure Machined Aluminum

Aft Deck 6061-T651

Corner Brackets

Adapter Ring

Side Panels Sandwich Panels

Corner Panels Face sheets: 2024 -T81

Foreward Deck Core: 1/8 - 5056 - 3.1 1b./Ft?

Aft Deck Edge Members: Magnesium ZK60A-T5
Film Adhesive: FM 73 0.030 1b/ft2
Inserts: Magnesium ZK60A-TS

Secondary Structure Composite System
Instrument Bench Resin: Cyanate Ester
GPS Antenna Masts Fiber: Ultra-high Modulus Pitch Fibers

Inserts: Titanium Ti-6Al-4V
Film Adhesive: A54 0.015 Ib/ft2
EDS-7
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Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Selected Materials

Structural Attachments / Fasteners

Components < 5.01bs. Rivnuts
Subsystems < 301bs. Potted in inserts
Subsystems > 301Ibs. Spools

Fasteners:

Primary & Secondary Structure
Material Spec. AMS 4928N
Ti-6Al-4V
Tensile Strength 150000 psi
Socket head cap screws
Size 10-32

EDS-8
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Structural Design Criteria
Design and Test Factors of safety:

Protoflight Proof Test Factor of Safety 1.25

Design Factors of Safety:

Metallic Structures: Yield design factor 14
Ultimate design factor 1.8
Composite / Bonded Structures:  Ultimate design factor 1.8
Joints: Ultimate design factor 1.7
Buckling : Knockdown factor 2.0
Margins of Safety :
Margin of safety = allowable stress -1

calculated stress * factor of safety
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Structural Design Criteria

Fastener Design Allowables

¢ Potted in inserts, for 10-32 fasteners
Face-sheets: 2042 - T81 (t=.015) Core: 1/8 - 5056 - .0007
Insert: Shur-Lok SL 606-3C Potting Compound : SEL 3010
Tension (lbs.)
Compression (Ibs.)
Shear (1bs.)
Torque (in - 1bs.)

Face-sheets: SHS _ XN-70A /996 (t=.040) Core: 1/8 - 5056 - .0007
Insert: AEP 1035-3CPM565 Potting Compound: EPOCAST 1618-A/B
Tension (1bs.)
Compression (1bs.)
Shear (1bs.)
Torque (in - 1bs.)

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

385.0
385.0
304.0
50.0

289.0
289.0
314.0
55.0
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Structural Design Criteria

Composite Design Allowables

A test program is currently underway to establish design allowables for the XN 70A Pitch based fibers
with a cyanate ester resin system. The following mechanical properties are being evaluated:

Youngs Modulus

Shear Modulus

Poisson Ratio

Coefficient Thermal Expanaion
Tensile Strength

Compressive Strength

Strain To Failure (Tensile)
Strain To Failure (Compression)
In-plane Shear

Interlaminar Shear

The design allowables will be established by taking 80% of the maen value of the sample tests.

The use of a cyanate siloxane resin system is being investigated because of its advantages over the

current cyanate ester systems.

TIMED

(msi)
(msi)

(Lin/in/°F)
(ksi)

(ksi)

(%)

(%)

(ksi)

(ksi)
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Spacecraft Structure - Launch Configuration

Vi
L4
]

Frequency Constraints:
Thrust Axis > 35.0 Hz.
Lateral Axes >20.0 Hz.

Design Load Cases:

Foma)

Ultimate Loads (g’s) X
(Transient plus Steady-State)
Load Cases; Thrust Lateral E 5 4
|. Max. Thrust 100 05() - Al <z
2. Max. Thrust 100 0.5 () _
3. Max. Lateral 3.5 3.75(x) =
4. Max. Lateral 3.5 3.75 (y)_ : i i
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Margins of Safety
Structural Load Failure Max. Stress Margin of Safety
Component Condition Mode (psi) Failure Index
Interface Adapter 3 Buckling 4019. MS 1.7
Bottom Deck Alum. 3 Bending 5769. MS 3.0
Corner Brackets 3 Bending 4224, MS 4.5
Vertical Framing Members 2 Bending 8639. MS 1.7
Bottom Deck Sandwich 2 Bending 4382. FI 0.101 (1)
BFI 0.008
Comer Panels 4 Bending 5416. FI 0.125 (1)
' BFI 0.004
Side Panels 2 Bending 18056. FI 0453 (1)
BFI 0.017
Top Deck 4" Bending 6170. FI 0.104 (1)
) BFI 0.007
Notes: MS Margin of Safety FI Failure Index (first ply failure - max. strain criteria) BFI Bond Failure Index

() denotes first ply failure
EDS-13



Primary Modes:

TIMED

Mode No. Frequency Mode Shapes

1
2

3
36
40
54
79
91

20.7 Hz
26.4 Hz
35.1Hz
57.0Hz
62.3Hz
72.2 Hz
83.9Hz
94.4 Hz

Lateral Bending (y) axis
Lateral Bending (x) axis
SABER Radiator
Torsion

Bottom Deck/ Thrust
Top Deck

GUVI SIS

Top Deck

Spacecraft Structure - Launch Configuration

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

N1

ke

z
LY

"""x
Dutput Set: Mode 1 20.78793 Hz
Deformed{1.24): Total Translation

M1
L4
c1

Lo

Dalormed(1.844): Tolal Transiallon

ANvan'

b
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Spacecraft Structure - Launch Environment

Sinusodal Vibration Test Level - based on the launch vehicle requirements. i.e. maximum flight level +3 dB

Frequency (Hz.) Acceleration (g’s)
Thrust Axis 50-74 .5inDA
7.4 -100 14
Lateral Axis 50-6.2 Sin DA
6.2- 100 1.0

Notes: 1. The acceleration levels shall be applied at the base of the payload attach fitting.

2. The dynamic response of the spacecraft may be limited to the results of the
coupled loads analysis.

EDS-15
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Spacecraft Structure - Launch Environment

Estimate - Base Excited Random for Delta II
(Test data from Delta II guidance section compared
with NASA GEVS recommendation )
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Spacecraft Structure - Launch Environment

Dynamic Response to Base Excited Inputs: Lateral Axis (X)

Sinusoidal Random " Coupled Loads
Instrument Component fn (Hz.) Max, (g) fn (Hz.) Max. PSD (g’s) <50 Hz.
SABER  Cooler mount 20.7 4.1 190.0 1.2
Chopper mount 20.7 52 36.5 0.1
Ctr. of Scan mirror 36.5 9.1 36.5 0.4
Mirror No. 1 & 2 36.5 1.5 36.5 0.3
Mirror No. 3 20.7 5.5 36.5 0.14
Mirror No. 4 - 207 52 36.5 0.8
Focal plane COM 20.7 5.0 210.0 0.5
Focal plane top 20.7 48 210.0 0.35
Scan mirror motor 36.5 9.2 36.5 04
TIDI Profiler (etalron) 20.7 16.0 20.7 0.4
Focal plane array 207 15.0 20.7 0.5
Telescope No.1 207 ' 180 20.7 0.6
Telescope No 2 20.7 18.0 20.7 0.6
Telescope No.3 20.7 17.0 20.7 0.5
Telescope No.4 20.7 17.0 20.7 0.5

Based on 4% C/C,; except GUVI2.5% C/C, * Denotes out of plane responses EDS-17
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Spacecraft Structure - Launch Environment

Dynamic Response to Base Excited Inputs: lateral Axis (X)

Sinusoidal Random ' Coupled Loads
Insttument Component f, (Hz) Max. (g) f (Hz.) Max. PSD (g's) <50 Hz.
SEE XUV photometer ( XPS) 20.7 17.0 20.7 0.5
Grating spectrograph ( EGS) 20.7 18.0 20.7 0.5
Microcontroller 20.7 17.0 20.7 0.5
Power control unit ( PCU) 20.7 17.0 20.7 0.5
Motor support 20.7 17.0 20.7 0.5
Bearing support plate / bkt 20.7 17.0 *410.0 1.8
GUVI  Focal plane No. 1 83.9 6.0 *460.0 3.5
Focal plane No. 2 83.9 5.8 340.0 4.0
Grating *67.0 3.2 550.0 1.8
Pop- up mirror *67.0 3.8 550.0 2.1
Slit mechanism 83.9 9.1 83.9 14
Motor 83.9 13.0 340.0 21.0
Mirror No.1 83.9 12.0 340.0 6.5

Based on 4% C/C,, except GUVI 2.5% C/C, *Denotes out of plane responses
EDS-18
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Spacecraft Structure - Launch Environment

Dynamic Response to Base Excited Inputs: Lateral Axis (Y)

Sinusoidal Random Coupled Loads
Instrument Component f, (Hz.) Max. (g) f (Hz.) Max. PSD (g’s) <50Hz.
SABER  Cooler mount 26.4 3.0 *205.0 2.30
Chopper mount 26.4 6.0 264 0.13
Ctr. of Scan mirror 264 9.8 26.4 0.35
Mirror No. 1 & 2 26.4 9.5 *110.0 0.50
Mirror No. 3 26.4 6.8 26.4 0.16
Mirror No. 4 26.4 6.0 26.4 0.10
Focal plane COM 26.4 3.9 *205.0 0.30
Focal plane top 26.4 4.0 *205.0 0.25
Scan mirror motor 26.4 10.0 26.4 0.30
TIDI Profiler (etalron) 26.4 16.0 264 0.50
Focal plane array 26.4 14.0 220.0 3.5
Telescope No.1 26.4 18.5 264 1.0
Telescope No 2 26.4 18.5 26.4 1.0
Telescope No.3 26.4 19.0 26.4 1.0
Telescope No.4 26.4 19.0 264 1.0

Based on 4% C/C,; except GUVI 2.5% C/C, *Denotes out of plane responses EDS-19
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Spacecraft Structure - Launch Environment

Dynamic Response to Base Excited Inputs: lateral Axis (Y)

D

Sinusoidal Random Coupled Loads
Instrument Component f, (Hz.) Max. (g) - f (Hz.) Max. PSD (g’s) <50 Hz.
SEE XUV photometer ( XPS) 26.4 18.0 26.4 0.80
Grating spectrograph ( EGS) 26.4 16.0 220.0 0.80
Microcontroller 26.4 16.0 26.4 0.55
Power control unit ( PCU) 26.4 16.0 26.4 0.70
Motor support 26.4 16.0 26.4 0.70
Bearing support plate / bkt 26.4 16.0 *210. 2.10
GUVI  Focal plane No. 1 98.2 12.0 98.2 3.0
Focal plane No. 2 098.2 12.0 98.2 3.0
Grating 98.2 12.0 98.2 3.2
Pop- up mirror 98.2 12.0 98.2 2.9
Slit mechanism 98.2 12.0 98.2. 2.9
Motor 98.2 12.0 *205.0 8.1
Mirror No.1 98.2 12.0 98.2 29
Based on 4% C/C,; except GUVI2.5% C/C, *Denotes out of plane responses
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Spacecraft Structure - Launch Environment
Dynamic Response to Base Excited Inputs: Thrust Axis (Z)

Sinusoidal Random g Coupled Loads
Instrument Component f, (Hz.) Max. (g) f, (Hz.) Max.PSD (g’s) <50 Hz.
SABER  Cooler mount 62.3 6.0 150. 1.0
Chopper mount 62.3 19.0 62.3 1.8
Ctr. of Scan mirror 62.3 19.0 62.3 2.0
Mirror No. 1 & 2 62.3 19.0 62.3 2.0
Mirror No. 3 62.3 19.0 62.3 1.8
Mirror No. 4 62.3 18.0 62.3 1.8
Focal plane COM 62.3 18.0 62.3 1.8
Focal plane top 62.3 18.0 62.3 1.8
Scan mirror motor 62.2 20.0 62.3 2.1
TIDI Profiler (etalron) *89.2 8.0 *86.0 0.5
Focal plane array 95.7 5.7 *130.. 13
Telescope No.1 90.2 9.0 00.2 0.5
Telescope No 2 90.2 7.0 90.2 0.5
Telescope No.3 93.6 11.0 90.2 1.2
Telescope No.4 93.6 10.0 90.2 1.2

Based on 4% C/C,; except GUVI 2.5% C/C, *Denotes out of plane responses EDS-21



TIMED

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Spacecraft Structure - Launch Environment

Dynamic Response to Base Excited Inputs: Thrust Axis(Z)

Sinusoidal Random Coupled Loads
Instrument Component ' f, (Hz.) Max. (g) f, (Hz.) Max. PSD (g’s) <50 Hz.
SEE XUV photometer ( XPS) *100.0 12.0 *99.2 1.7
Grating spectrograph ( EGS) *48.0 7.0 *150.0 2.0
Microcontroller 100.0 7.0 *150.0 14
Power control unit ( PCU) 722 10.0 *09.2 0.7
Motor support 72.2 10.0 *99.2 0.7
Bearing support plate / bkt *100.0 1.0 *110.0 0.7
GUVI  Focal plane No. 1 *100.0 19.5 *98.9 49
Focal plane No. 2 *100.0 19.5 *98.9 4.8
Grating *100.0 19.5 *08.9 4.9
Pop- up mirror *100.0 19.5 *98.9 4.8
Slit mechanism *100.0 19.5 *08.9 4.8
Motor 62.3 21.0 *98.9 5.0
Mirror No.1 *100.0 19.5 *08.9 4.7
Based on 4% C/C,; except GUV12.5% C/C, *Denotes out of plane responses
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Spacecraft Structure - Orbit Configuration

Primary Modes:

Mode Frequency Mode Shape
1 .23Hz. Flatwise Bending at Actuator
2 40Hz. Axisymmetric Panel Bending
3 73Hz. Torsion At Actuator
4 132Hz. First Mode Panel Bending

o e —— E_I_E

SN

1
4
c1

z
|..Y

X RO
Output Set: Mods 7 0218119 Hz S
Delommedi(2.765): Tota! Transiation
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Dynamic Disturbances - Instruments

Jitter defined, herein, as the line-of-sight disturbance in the optical patch due to transient loads and the

g

mechanical response of the structure.

Sources and Forcing Functions:

Instroment Jitter Source Amplitude Frequency Axis Duration
GUVI Scan mirror (Retrace) 0.80in-1b 200.0 Ry 2.0 seconds

Pop-up mirror 0.008in-1b  10.0 Rz Infrequent
Slit mechanism 0.0004in-1b 100 Rz Infrequent

SABER Scan mirror 1.56in-1b 0.5 Rx 141.4 seconds
Cryo-cooler 0.021b 52.0,104 Ty Continuous
Chopper 0.0021b 1000.0 Tx W eemeeee-

SEE SSPP gimbal 0.7in-1b 2.5,20 Rx 300 seconds
Filter wheel 0.018in-1b 2.0 Ry 4 times / cycle

TIDI Telescope (4) 023in-1b 12.5 Rxy 100 seconds
Filter wheel 034in-1b 10.0 Ry 4 times / cycle

EDS-24
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Reaction Wheel Disturbances

Reaction wheel disturbance is not broad band white noise, but sinusoidal, containing many
harmonics and some sub-frequencies of the fundamental

Each reaction wheel produces mechanical noise at specific harmonics of the wheel speed.

The primary harmonics are as follows:

Harmonic Multiple Harmonic Source

0.34 Ball bearing retainer
1.0 Rotor mass imbalance

1.39 Bearing race-to-race misalignment
2.0 Rotor mass imbalance

2.74 Defects in outer race
3.0 Rotor mass imbalance

5.26 _ Defects in the inner race

144.0 Motor torque ripple

EDS-26
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Reaction Wheel Disturbances

RWA EDU Hard Mounted: X Force vs Fréquency:
RWA speed from 500-2800 RPM at 100 RPM Intervals (first line at 0 RPLY)
Critical Wheel Frequencies:

Mode Critical Frequency
(RPM)

Axial Translation 3900

Rocking 5100

Radial Translation 12000

o

Frequency (Hz)

EDS-27
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Reaction Wheel Disturbances

Static & Dynamic Imbalance (rss)

Typical Wheel Speeds 100 - 500 RPM

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

(in-1b.)

+—Dynamic imbalance

e

?’
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Jitter Analysis

Model Parameters:

* The jitter frequency range is defined herein as 0.50 to 50.0 Hz. (30 to 3000 rpm)

»  With the exception of the reaction wheels,the disturbances are randomly phased to combine in a root-sum-
square (rss) manner.

*  Percent critical damping 0.5%

Dynamic Load Cases 1 2 3 4 5
Reaction Wheels O O 0 0] 0O
GUVI R R O O 0
SABER R 0O R o O
SEE R 0] 0 R 0
TIDI R 0 O O R

Note: (O) Equipment or Instrument Operating (R) Response Measurement

EDS-29
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Jitter Analysis
e Operating Environment for GUVI . R _ t
Typical reaction wheel speed: 240 RPM oo : I
All other instruments operating - -' ._
Response location : Scan mirror I
| ===
Ly =
I[::: . i v i GUYY iy Ry [Forr]
= = L
- : ] e L] |
o ' F= =L | L]
Boo == | &
o T &b
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Jitter Analysis
Operating Environment for SABER -
Typical reaction wheel speed: 240 RPM -
All other instruments operating oo
Response location : Scan mirror | =
|-
b=
[ e
e Y
b ,:::-
o

Responss #t SABER S¢an Mirtor {Pheh)

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Reapones nt SABER Scan Mirror (Yon)
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Jitter Analysis
Operating Environment for SEE -
Typical reaction wheel speed: 240 RPM -
All other instruments operating e
Response location : Solar Pointing Platform i —
R N
ol
= o ' a
[ =
R R ="
=t -
...1...? ] s
SEe [=e| ]
b :;::{
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Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Jitter Analysis
* Operating Environment for TIDI e .
Typical reaction wheel speed: 240 RPM -
All other instruments operating -
Response location : Telescope No. 1 } et
b |E-:E
- el |
I 100808 Ruspore T Taltacupn No.t [Yaw)
e e |
b= -
] - _
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Instrument Bench Requirements / Criteria

Frequency Constraint: Thrust > 50.0 Hz.
Lateral > 30.0 Hz.

Quasi-static Loading : 30 g’s Applied independently, each axes

Thermal, Max Operating: (includes 10 deg. C margin ) -15to 35 deg. C

Distortion Angular: Defined herein as the relative angular rotation between a point on the bench adjacent
to the base of each TIDI telescope with respect to a point representing the bore
sight axis of each star tracker.

Static Distortion: Due to the 1.0 g effect

Thermal, Operating: ( B) angles 0 & 88 deg. Cold
' (PB) angles 0 & 88 deg. Hot
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Instrument Bench

Bench Structure
Composite System: Pitch Fibers / Cyanate Ester =
Sandwich Panel: t=1.83in.

Face Sheets: SHS XN-70A /EX-1515
Core: 1/8 - 5056 - 0.0007 - 3.1Lb/Ft?
Lay-up:{[(-45)(0)(45)(90)]/ core /[(90)(45)(0)(-45)],}

|~

Mounting System -
Kinematic support system @
Launch locks with (2) Pyro-release i

Weight Estimate i o
Bench Structure 47kg. il % e 1
Inserts 1.8 kg. . !_.___m' I
Mounting System 1.8 kg. b

Total 8.3 kg. EDS-35
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Instrument Bench Launch Configuration

1
1

F 4
v | ¥
- X Y MSC/NASTRAN Case 2
- d(0.148): Total Transiation
Output Set: Mods 1 43.10957 Hz ;
Deformedi4.281): Tolal Transiation Contour: Laminals Max Fallureindex
1
0 L5 0.26%
L5 1 0.252
1 . i
s
0.17
[T frkt
'
ot
0.0875
o0.0rt R
0.054> ‘
z 'I X 0.038 8
w“lx Outp SelyMEC/NASTRAN Case 3 5.0215 P
0 SayMSCNASTRAN Case 1 Deformed{0.031): Totat Translation
formed(0.245): Total Tnnmo.n Contour: Laminata Max Fallurelndax EDS_36

ontour: Laminate Max F ot
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GPS Antenna Mast
A1 =
L3
ct
Mast Structure
Composite System
Prepreg: XN-70A /EX-1515
Layup: (0/60/0/-60),
Wall Thickness: 0.040 in.
Mast Height: 21.5 in. 2
I 4
bmmn 551: Moda 1 83.85045 Hz
Deformad{17.77): Total Translation

Vit -
0.454

Weight Estimate g:' ool
Mast structure 52 kg. ‘ i
Ground plane& Antenna 30 kg.

Coaxial cable 27 kg.
ML insulation 17 kg.
Total "1.26 kg. 2

F4
.'Y

X
Output Set: MSC/NASTRAN Case 1

Conlour: Laminate Max Failuretndex EDS-37
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Instrument Bench Orbit Configuration

4
Angular Distortion (arcseconds)
Error Type Roll Pitch Yaw
1 g effect 274 256 2.2
- Thermal ' t?:f
Cold(P =889 343 392 47 o 57 o Tt
Cold(P =0°) 346 386 52 .
Hot (B=88°) 359 367 7.3 A
Hot (B=0°) 36.1 36.3 7.8 |
e
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Structural Verification

Protoflight test program serves the purpose of both prototype and flight acceptance tests.

 Structural Verification will be performed at the component, the assembly/ subsystem and at the system level.
A bottoms up approach is used to screen out design flaws and infant mortality.

* Subsystem Level Tests

Mechanical Functional Solar Panel Deployment
Sine Vibration Static Load Test
Random Vibration

Pyro-releases

* Spacecraft Dynamic Tests
Modal Survey
Sine Vibration
Acoustic
Pyro-shock clampband & release mechanisms
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Structural Verification - Spacecraft

Structural Verification - A static load test will be performed on the primary structure. -
( Draft of static load test procedure complete)

Modal Survey - Experimental verification of the spacecraft’s significant modes will be measured and
correlated to the mathematical model

Vibration Test - A sinusoidal test will be performed in accordance with the launch vehicle requirements
A test duration of 4.0 octaves per minute, with a tolerance of +/- 10% on the amplitude.
( No notching currently requested by spacecraft or instruments )

Acoustic Test - Broad band reverberant field test, using the maximum expected flight level plus 3 dB.
The test duration is 60 seconds. A tolerance of +/-1.0 dB. on the overall sound pressure
level, with +/- 3.0 dB. from 50 to 3000 Hz. Below 50 Hz and above 3000 Hz is based on
capability of the test facility.

Pyrotechnic Shock - Two live firings per device.
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Instrument / Subsystem Design Criteria

Load Factor: Based on Instrument/Subsystem weight, the load will be applied individually along each
of the three orthogonal axes of the subsystem at its center of gravity.

Subsystem Weight (1bs) Load Factor
<10 30
10 - 100 25
> 100 16
Frequency Constraints: SABER All other Instruments & Subsystems
Thrust axis >35Hz > 50 Hz.
Lateral axes > 20 Hz. > 30 Hz.

Pyro Shock: Requires Testing,
Near field < 1.0in, no pyro sensitive hardware should be mounted in this region

Mid field 1.0to 6.0 in. requires two pyrotechnic firings

Min. Factors of Safety : Same as spacecraft structure

EDS-41
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Instrument / Subsystem Dynamic Tests

Sinusoidal Vibration:
Test duration: 4.0 Octave / minutes
Test tolerance: +/- 10 % Amplitude, +/- 2% Frequency

SABER All other Instruments & Subsystems
f (Hz.)  Acceleration (g’s) f (Hz.) Acceleration (g’s)
Thrust Axis 5-9 0.50 in (DA) 5-24 50in (DA)
9-100 2.0 24 - 80 15.5
80 - 100 2.0
Lateral Axes 5-77 0.50 in (DA) 5-18 S0in DA

7.7-100 1.5 18 -30 8.5
30- 100 1.4

* An alternative approach Sine Burst
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Instrument / Subsystem Dynamic Tests

Random Vibration:

Test duration : 1.0 min / axis
Test tolerance: +/-3 dB.PSD, +/-10% g_..

Frequency (Hz.) PSD Level (G¥Hz.)
< 100 Ibs. 20 .026
50 - 800 160
2000 026

Overall Level 14.1 g,

> 100 Ibs. 20 013
50 - 800 .080
2000 013

Overall Level 10.0 g,

* An alternative approach force limiting

EDS-43



TIMED

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Summary of Mass Properties

Item Launch On-Orbit
Mass Ib kg
1322.8 599.9

Center of Gravity in. cm. in. cm.
CGx S1 1.31 )| 1.31
CGy 1.95 4.95 1.95 4.95
CGz 39.4 100.2 38.4 974

Moment of Inertia slug-ft? kg-m? slug-ft2 kg-m?
Ixx 2259 306.3 243.9 330.7
Iyy 264.4 358.4 11553 1566.2
Izz 132.2 179.2 10114 1371.1

Product of Inertia slug-ft2 kg-m? slug-ft2 kg-m?
Pxy ' 1.28 1.74 1.28 1.74
Pxz 0.32 0.43 0.16 0.22
Pyz : 1.07 1.45 0.47 0.63

*Properties about the spacecraft CG
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Instruments
Power Subsystem
RF

Navigation
Attitude

1IEM

Thermal

Harness

Primary Structure
Sec. Structure
Total

Margin %

TIMED

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Weight Estimate (kg.)

CoDR PDR CDR
111.9 141.3 151.0
164.4 172.8 186.0
8.2 4.3 4.2
e 0.4 21
36.3 55.6 60.4
24.0 26.8 27.7
26.5 21.1 16.9
15.2 45.1 36.3
154.7 84.4 88.9
- 29.8 26.7
541.2 581.6° 600.2
21.9 13.4 10.0
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TIMED LAUNCH CONFIGURATION ~ WEIGHT AND MASS PROPERTIES SUMMARY
TOTAL COMPONENT INERTIA

x W1, Witk NIE ABOUT 8/C COORDIMATE AXES
SIC ASSEMBLY WIQBS)  WIKG) CONI CONL (X5} W (KG.) Yeg ¥t} Yep(N) Zeg(WN) Ke(IN) Xy Oty K (N) Witeg Witveg wicy hee by
1.0 INSIRUMENTS 3327 161.12 16381 153.80 L2 5.09 4470 ar4an -1507.68 16227.18 1137482.95 1104313.42
1.1 TIDITELESCOPE N A0 JL AT 480 ] 8.06 483 -6.60 <1850 42.00 0.00 0.00 .00 5591 -187.59 8.4 &L 50409.78
1.2 NDITELESCOPE #2 AN 10.04 4.80 10 508 48 22,60 <1880 82.00 D00 000 0.0 “228.18 -187.69 83l48 Tis51.78 TINAT4
13 Dt IELESCOPE 13 A2 10.14 480 10 6.08 483 2260 1860 . 8200 000 0.00 0.0 22818 187.59 831.48 7165174 7aNL7e
1.4 TIDNTELESCOPE 84 A-303 10.14 4.80 10 6.04 483 -4.50 13.50 2.0 am 0.00 0.00 -85.91 187,59 a.48 Fal ] 88509.78
1.6 1IDI PROALER A us8 15.70 10 1727 1481 - 17.00 -A.00 7w 000 0.00 0.00 568.97 21889 266497 20M12.13 2520498
1.6 TICHELECTRONICS A3D 13.00 850 10 5.4 5.78 D.00 0.00 &44.50 0.00 0.00 0.00 0.00 104.00 83.60 5491525 54083.25
1.7 TID HARNESS 4 200 10 220 1.05 -10.00 1,00 75.00 000 000 0.00 -44.10 48.51 3075 25319.88 25247125
1.4 SEE A-400 5350 242 24.24 2790 [EL: ] 13.60 sl.00 o.0o 0.0 0.00 895.60 2% 4333.50 36075308 3560086.00
L¢ GUVISIS (BLANKET & HARNESS) A-800 07 .40 10 10.34 .87 0.00 2.50 a.00 00a 0.00 400 0.00 51.83 a.00 129.88 0.00
1.10 GUMISIS ELEC. A-505 77 1.03 10 1.13 1.08 0m -1.o0 400 Q.00 000 a0 0.00 -15.89 9.08 147.56 36.42
111 GUIVIFPE N A0 188 a7 0 .82 ars -1.50 14.50 A50 a0 400 o.co 574 79 578 713 40.43
112 GUVIFPE 12 A612 1.45 0.75 10 a.82 0.78 650 60 50 0.00 .00 0.00 9.08 s 8.78 40.43 7013
113 GUVIHVPS 31 AS20 1.00 0.43 19 0.560 04 -4.00 1.00 450 0.00 a.00 .00 -4.00 1.00 4.50 N8 58.28
1.14 GUVI HVPSIR2 A-622 1.00 - 0.45 1] 0.50 o047 400 1.0 450 000 0.00 0.0 500 1.00 4.50 0.5 58.25
116 GUvI ECu AL 1413 &4 10 A3 473 <19.00 400 0.0 .00 o.oo a.00 -260.47 s 558.20 23115.68 2770493
116 SABER A800 144N 86.63 10 e 76 0.00 -16.20 20.60 12.40 1220 aze 0.00 234430 a3n 178895.29 139905.63
"

20 POWER SUBSYSTEM A09.90 185.90 204.26 20 138 2944 42260 644,40 12162.06 811721.95 709204.07
2.1 +X SOLAR ARRAY WING Aé4 .30 45.08 L] 42.54 200 000 20.00 208 1608 1394 2879.70 0.00 2780.40 119297.62 183e7a91
22 - X SOLAR ARRAY WING A-DSS 9.30 450 w0 0.6 -29.00 (£ ] 000 2048 16090 1a%4 -2075.70 0.00 2760.40 119297.62 18397391
2.3 +X ARRAY DR, MOTOR A082 180 [ /] ] 1.8 27.00 0.00 4400 000 6.00 ans 102.50 0.00 820 16564.80 18335.00
2.4 X ARRAY DR MOTOR A053 8 L7 ] Lat -27.00 0.00 6400 0.00 0.00 0.00 -102.50 0.00 243.20 16554.80 18335.00
26 SOLAR ARRAY CONTROLLER A0 420 1.90 L3 200 -10.00 J.00 8550 0.00 0.00 Liled] 4200 280 2310 104285 12357.05
26 BATMERY N A050 6200 212 1 0.9 -10.00 200 12.00 2.20 .76 1.00 BIIEY: 12400 117800 arera.ea 45193.88
2.7 BAITTERY #2 A-081 42.00 2.2 1] x9N 1000 200 12.00 220 175 7.00 nsco 124.00 1178.00 27871.68 46193.88
2.8 FSE/DPU. AD82 #$.60 2048 10 nn 19.00 200 #.50 4.80 .00 4.00 854.60 #1.00 184276 7897.30 93160.80
29 PPICM I ALD54 14.00 43 10 498 19.2% 2.00 53.50 5.40 270 410 +269.50 $3.00 777.00 441774 484t3.84
210 PPICW 12 A055 14.00 636 ] 658 0% .00 55.60 540 270 810 269.50 96.00 7.0 241774 48413.44
211 S/A FUSE A067 100 0 18 082 o0 000 £2.00 540 270 &.10 200 6.00 42.00 7316 4279
212 S/A FUSE Andg 1.00 o 16 as? ~24.00 0.00 4200 540 270 &10 “24.0 0.00 62,00 716 44022

30 RFCOMMUNICATIONS on 413 454 10.06 081 85.30 91.68 §.60 503.7% 3860215 3996170
31 DIPEXER N A1 0.50 a4 1] 0.45 13.00 -4.00 &6.00 .00 0.00 0.00 1.7 -3.60 69.40 3934.80 4072.50
42 DIPLEXER £2 Al [ L) o4 ] 048 13.00 «4.00 45.00 0.00 .00 L] 1n.rn -3.60 59.40 3934.80 4072.60
3.3 RFSWHCH fSPUTTER £1 A0 0.00 oxr 10 0.30 13.00 800 46.00 0.00 0.00 0.00 180 00 39.60 2428.50 NS0
3.4 RFSWITCH 7 SPUTTER #2 A-132N37 0.60 o 10 0.30 13.00 8.00 46,00 0.00 0.00 .00 .00 00 .60 2628.80 2N6.00
3.5 5§ BAND & CABLES ZENTH £1 A-140 8% [ ] 0.42 0.00 400 9.0 0.00 000 200 200 L0 7% 7052.45 7030.85
3.5 SBAND & CABLES ZENTH £2 Al 0.6 0.3% 0 o 25.00 400 91.00 .00 6.00 .00 nis &0 7235 FO52.45 7570.10
3.7 SBAND & CABLES NADIR # 1 Al4s 1.00 0.45 10 0.5 2050 2050 -4.00 0.00 0.00 a.00 2080 20.50 -4.00 43625 43826
3.8 5 BAND & CABLES NADIR 82 A48 Lo o048 10 0.50 20.50 -20.50 -200 0.00 0.00 .00 050 +20.50 -4.00 435.26 438,26
19 COAX CABLES 241 109 kL] 120 13.00 0.00 85.00 0.00 0.00 .00 nxn 0.00 159.04 10497.96 1050625

40 NAVIGATION SUBSYSTEM 450 204 L RLL.] a.oo 90.39 £5.25 0.00 H04.76 30470.23 4781838
4,1 LOWLOSS CABLES F1 - - t.00 0.45 1o .50 <1480 +20.00 85.00 0.00 0.00 0.00 <1450 20.00 85.00 7525.00 7435.26
4.2 LOWLOSS CABLES 12 1.0g 0.45 10 .50 1480 20.00 45.00 06.00 0.00 0.00 -14.60 200 45.00 7625.00 743525
4.3 GPSANIENNA /GROUND PLANE § 1 A-160 128 0.7 16 a.éz -taso -20.00 94.70 0.00 0.00 0.00 <1813 2600 118.38 naou 11472.93
4.4 GPSANIFNNA JGROUND PLANE #2 A6l 1.28 os7 10 a.62 -1450 20.00 9470 0.00 0.00 0.0 -18.13 500 11838 nen 11472.93

5.0 AINMUDE DETECHON & CONIROL 1222 60.42 6246 1.4 274 oy ~213.67 2473 5603.94 346622.88 568678
6.1 STAR CAMERA X1 A-220 10.50 4.90¢ 5 s <21.00 -5.00 8250 ooo 0.00 b.00 <226.80 $4.00 &1.00 8 78270.30
6,2 STAR CAMERA 52 A2 10.80 490 ] (AL} -7.50 -1.00 "5 000 0.00 0.00 -41.00 10.80 M1.00 7351030 74600
5.3 REACT. WHEEL I A241 12.89 686 ] 6.85 &.00 4.00 14,00 a 0.0 000 7734 6156 180.45 2732.68 29048
5.4 REACL WHERL £2 A48 1280 5.85 ¢ 6.85 -400 4.00 1400 a0 0.00 0.00 724 81.84 180.45 2132.88 2590.48
55 REACY WHEEL £3 A28 2.8 5.85 ¢ 685 -5.00 12.50 14.00 a0 0.00 0.00 1M na.47 130,45 4938.04 %040
654 REACL.WHEEL A A-247 1289 5.85 ¢ .85 400 1a.60 1400 oo 0.c0 6.00 73 230.47 130.45 4938.04 2090.48
8.7 2005 IORQUE ROD (%) A2 4485 wm 0 1 19.00 12.00 45,00 el €.00 0.00 .38 .36 2002 11094.90 1109490
§8 Y-A05TORQUE ROD Al 465 n 0 n 16.00 0.co 20 0 .00 a.00 7440 0.00 148.80 18160 496200
£9 XANSIDAQUE ROD A% 448 an 0 wn [ L) 1400 36.00 a0 0.00 00 0.00 Ji0 17610 TRC5.00 714,80
5.10 AU (GYROV) Aoz 1810 at ] 242 4,00 4.00 2.0 a.00 0.00 o =108.60 0.8 Nnnu 70028.590 7022.00
AL LY A0 a8 [¥.) L) LY ] 1%.00 <10.00 6400 000 ©.00 0.00 A40.02 -141.80 794.08 4588648 49887.48
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512 FLIGH! COMPUTER
£.13 MAGNETOMETER
6.14 MAGNETQOMETER
6.16 SUN SENSOR

5.16 SUN SENSOR

6.17 SUN SENSOR

618 SUNSENSOR

6.0  INIEGRATED ELECTROMICS MOD,

81 IEM A {9 cords + chasss)
62 EM#2{9 cards + chanis)
£3 R (-X.+¥ CORNER)

64 PV (O

&5 RIU(BO)

64 RIL(4O

&7 RN (I0Y

6.8 R, (INSTBENCH)

7.0 THERMAL

7.1 1OP DECK BLANKE]
7.2 BIM. DECK BLANKET
7.3 <X PANEL BLANKET
7.4 +X PANEL BLANKE
7.5 ¥ PANEL BLANKET
7.6 ¥ PANEL BLANKET
7.7 #XisY PANEL BLANCET
7.8 - X/+¥ PANEL BLANKET
7.9 -%J-¥ PANEL BLANKET
7.10 #XJY PANEL BLANKEL
711 MUBLKT SUPT BRKTS
7.12 HEATERS AWIRE
703 THERMOSTATS

704 SURFACE COAINGS
7.15. DOUBLER- MU ( 16°23°.08)
706 HEATPIFES ()

8.0 SPACECRAFT HARNESS

8.1 #X-¥ PANEL
8.2 X-YPANEL
8.3 + X PANEL
8.4 -XPANEL
&5 1OPDECK
48 S8IMDECK

90 PRMARY STRUCTURE

9.1 TOP DECK & FRAMNG
9.2 BIM HONEYCOMB DECK
93 BTM ALUM, DECK

9.4 +X PANEL

#.5 -X PANEL

9.6 +¥ PANEL

#.7 ¥ PANEL

9.8 #X/+¥Y PANEL § LONG,
.9+ X/+¥ PANEL § LONG.

9.10 - X /¥ PANEL & LONG (SABER)
201 X /-¥ PANEL & LONG (SABER)

.12 "sXf+¥ CORNER BICTS
9.13 +X/+Y CORNER DKTS
914 -3- Y CORNER BITS
9.16 + XLY CORNER BIS
.18 PAYLOAD ADAPTER
9.7 SEP.SPRING & BRICH)
.04 SEP.SWICH & BKIC)
9.19 BEAM Y.PANEL

10. SECONDARY STRUCTURE

10.1' GPSANIF Astrl
102 GPSANI st

A28
A2

A262
A-268

A100

A-l02
A-110/A-120
ANAI
AATUANR2
ANYA12
A-TVA- I
A1 18/A-128

A0
A0
A0
A001
A0

A0
A0t
A001
A001
A0
AN
A0
A-000
A0
A0
A0S

A001

A2
ADN4

10.26
0.9
059

0.4
0.0
040

41.00

27.00
.00
200
1.00
1.00
100
1.00
1.00

3130

580
&0
.00
.00
1.00

100
1.00
1.00
1.00
.00
160
L3
1.90
2.0
20

18.00
15.00
4,00
4.00
.00
1300

196.99

2065
1240
2.70
1360
12360

740
16.00

$.00

9.00
12%
123%

300
300
100
139
100
o0
n

Lr
a8
0.4
ols
18
1
0

7.6

nu
1224
an
[ E )
0.45
o.45
0.45
0.45

16.92

2.8
28
136
136
048
L8
0.48
045
a4
a4
0.8
arn
059
0.8

o9
3.2

.80
4.80
5
n
na
&9

8.0
1299

"
612
412
245
480
408

5.58
5.58
1.3
138

1.3
6.52
o9
L))
078

2588
as?

10
n
10
10
10
e
1o
10
10
10
L]
L]
0
10
10
11}

w

L]
16
10
0
|1
L]
10
10
10
0
a
10
10
10
10
]
5
15
[}

0%
048

o
o
021

L1

14.00
14.08
1.04
L2
048
o4
04
0.48

188

274
o
1.50
1.50
060
200
050
0.50
0.50
.60
.50
080
0.55
095
1.4
1.00

nan

743
14
299
2%
1247
649

98.76

1494
447
183
473
413
an
.45
449
449
14
&1
150

L5
150
496
1.04
an
.85

&8

-19.00
-10.00
-17.00

14.00
-16.00

16.00
16.00

0.5
6.80

-16.50
-19.00
-1260
2000
-10.00
1.00

-L13

0.00
0.00

0.00
0.00
21.00
<21.00
-21.00
21.00
0.00
0.00
0.00
0.00
-1600
o.to

+ 000

18.00
-16.00
21.00
«21.00
0.00
0.00

000

000
0.00
.00
2250

0.00
0.00
20.00
2000
~20.00
20.00
15.60
~15.50
-16.40
15.80
a.co
0.0
0.00
000

~4.00

1480
-14.60

00
1800
=17.00

25.00

-16.86

BLE ]
-18.36
16.60
-2.00
1.50
10.00
11.60
500

.47

0.00
000
000
0.00
N0
-NE0
Nn.00
.00
-21.00
-21.00
0.00
0.00
(-1 ]
i)
-13.00
0.00

-5.00

A8.00
15,00
a0
a.00
0.00
0.00

-1.72

00
a.00
0o
0co
000
260
2280
2000,
20.00
-2000
-20.00
16.40
15.40
-15.60
16.80
0.00
000
0.00
23.00

200

16.60
3.00

60.00
£0.00
£0.00

81.94

59.50
59.50
4400
40.00

400
41.00
75.00
10.50

37
.00

30.00
3.00
3.00
now
48.00
2800
38.00
34.00
J8.00
35.00
38.00
38.00
67.50

.50

o1

B0
38.00
8.00
34.00
67.00

7.60

0.5

£4.60

460

4.60
3760
.5
.50
3750
37.50
37.50
37.50
37.50
1200
12.00
1200
1200

275

200

3.0
48.50

6074

450

0.00
Q.00

0oo
Qoo
n0.00

400
400
oo
0.00
0.00
ond
0.00
0.00

0.00
0.00

0.00
0.0
0.00
a.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0.00
.00
ooa
0.00
0.00

13.20
130
te.50
1330
1950
17.30
7.0
7.0
17.e0
17.30
12.50
0.00
0.00
000
o.00
9.80
000
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
a00
Q.00
0.00

490
450
0.00
o.co
.00
a.00
0.00
0.00

0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
o.00
0.00
0.00
111 4]
000
0.00
{00
000

0.00
6.00
0.00
0.00
0.00
0.00

1330
1330
7.3
13.30
12.30
19.9
19.%0
17.0
17.%0
17.20
17.40
0.00
ao
0.00
0.0
.60
0oe
0.00
0.00

o0

0.00
am

0.00
0.00

4.00
4.00
0.00
0.00
0.00
0
oo
0.00

0.00
000
0.00
a0
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.0
a0
0.00
0.00

0.00
0.00
000
000
0.00
0.00

12.80
1880
18.00
9.80
9.00
9.80
205
205
208
205
0.00
6.00
0.00
0.0
1370
0.00

000

0.00
00

1918
17.85
1582

s
440
640
.40

63,50

183.60
-183.60
-0
-1%.00
-12.50
26.00
-10.00
.00

42,00

.00
a0
10.50
-1o.50
0.00
o
21.00
-21.00
-21.00
21.00
000
0.00
oo
o.oo
-42.00
00a

1.00

240.00

126.00
-126.00

0.00.

0.c0

030
0.00

0.00
075
-303.76
0.00
o
180.00
~180.00
-248.00
244.00
45.80
-46.50
-45.80
44,80
0.00
0.00
0.00
6.00

“234.25

A6.68
-16.68

-22.00
17.88
148
10.00
10.00
-10.00
-10.00

-495.45
-495.45
N0
-9.00
16O
1000
11.60
-5.00

-106.90

0.00
0co
0.00
0.00
.60
-$4.00
21.00
21.00
«21.00
-21.00
200
.00
0.00
Q.00
-3.80
a0

~480.00

24000
-240.00
0.00
0.00
06.00
0.00

-37.83

0.00
0.00
0.00
0.00
aoo
171.00
-337.50
180.00
180.00
-245.00
-244.00
45.80
4580
«46.80
-43.80
0.00
6.00
0.00
39.33

60.13

-23.00
22.00

853.7E
1837
257
00
24.00
2400
24.00

3550

1606.50
1806.60
92.00
#0.00
4.00
41.00
76.00
70.50

139290

385.00
16.50
11400
11400
34.00
152.00
w0
34.00
B0
38.00
38.00
60.80
£9.40
nx
189.00
13.00

3348.60

570.00
570.00
220,00
22800
1475.00
97.60

6983.62

t962.83
20.60
2288
804.28
504.26
265.00
642,80
37.80
33160
461.28
461.25
35.00
5.00
800
35,00
al
4.00
120
254

2970.90

.18
9718

N682.2%
591,48
205.02

1690.00
1690.00
1690.00
1690.00

229209.77

106110.26
106110.26
471850
1681.00
18,25
1781.00
6767.26
£996.25

74864.40

26960.00
.75
4332.00
4332.00
1996.25
7985.00
1835.00
1885.00
1885.00
1385.00
144a.00
2310.40
1877.20
2743.60
13230.70
84.60

18128425

25500.00
25500.00
£5664.00
8664.00
112226.00
73125

63027.14

139500.88
aNnr
ra.e
03723
2433061
15809.40
NBL76.45
18981.09
14981.09
2689814
25698.14
1162.08
Nné2oa
+162.08
1152.08
1443.18
800
3.40
2694

199635.26

&7y
87

3470580
691.48
€6.02

1842.40
1542.40
1642.80
1642.40

214654.00

$7483.60
$7483.50
477660
1%61.00
17225
2081.00
5725.00
4971.25

75573.45

26950.00
nzs
5900.76
98075
1444.00
§718.00
1865.00
1885.00
F886.00
1885.00
1444.00
2310.40
1877.20
2743.60
13307.60
84.50

1856676.25

26500.00
26800.00
1130.00
Hnm
112226.00
731.26

352081.06

139500.86
21134
1516888
22817
2088917
1360718
27033.90
18949.88
1894986
2694082
25940.82
1162.08
116276
1162.08
1162.08
laad.18
LA
160
4022.36

211852.18

2453.08
8463.08
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10.3 ZENITHARE. MAST 81

10.4 ZENITHANL MAST 32

0.6 NADIRANT, MAST 81

10.6 NADIRANL. MAST 82

107 UMBICALCONN & BK) ()

104 INSTRUMENT BENCH

10.9 STAR CAMERA BT, 1)

10,00 STAR CAMERA, BXT, 2

10.17 ARMING CONN,

10.12 1E81 PI. CONN,

10.04 RW BT A

10,16 RW BT 2

1018 RW BI By

1007 AW B 14

10.18 MISC. HARDWARE

10.19 SOLAR PNL MOTOR BKT {+30)
10.20 SOLAR PNL MOTOR BT (30

10.2) SOLAR PHL. HOLO-BOWN BKTS 09
10,22 SOLAR PML. HOLD-DOWN 8K1S (3
1823 PURGE SYSIEM

A010
Ami

Aty
A017
A8

Wi SUBIOTALS

i3

YAl

BMED MASS PROPERTIES { ABOUTS/C C, WITHOUT CONTINGENCIS )

MAXIMUM LAUNCHWEGHT 148504bs) &800KG)

CURRENT WEIGHT MARGIN = nn x
WEIGHT (W/O CONINGENCY) » 132299 L.
CGX 081 ,,
CGY= 1.9 In
CGIs RS n
DX 104677649 12
VY = 122432396 ™2
e $12207.43 Ibn™2
PXY = 8929.486 N2
Pl = -1475.74 bin**2
474 4948.89 BIn""?

0.04 1.
D6 .
A% M

22598
26440 2
13216 st

L4 o
432
1.07 sy

[ 1] L] 0.8 0.0 400 Mes0 0.00 000 0m 0.00 820 102,38
o0& 10 08 25.00 400 s 000 00 oM 32.60 b.20 103,35 8227.13
ad 1] 078 2080 080 400 b.oo 000 000 2078 075 400 584,58
0.4 1] 074 250 20.60 400 o.00 0.00 0.00 3075 -30.76 .00 454.38
054 18 043 0.00 0.00 200 0.00 000 000 0.00 0.00 2.4 450
830 1] %13 -1450 0.00 76.00 0.00 000 000 245,38 0.00 1372.50 102937.60
(1] 1] 0.65 21.00 0.00 80,00 0.00 0.00 0.00 J7.30 0.00 104,00 £320.00
0.8 0 050 780 0.00 &0.00 0.00 000 00 £.75 0.00 104,00 £320,00
062 18 040 +20.00 18.50 £9.00 0.0a 0.00 0.0 -23.00 .28 &7.85 43984
[ X ) 5 0.52 200 -19.00 57.50 0.00 0.00 [+5 4] 20.00 -19.00 £7.50 s41.26
oM 1] 1.04 400 400 1200 0.00 00¢ 000 1200 8.00 24.00 3000
on ] 104 400 400 120 0 000 000 12,00 4.00 24.00 320.00
[T] 1} 104 400 14.50 1200 Q.00 000  poo -1200 ar.00 2400 972.%
an 1] Lod 4.00 1250 12.00 (1R} .00 0.0 t2.00 37.00 24.00 972,80
27 1) 281 am 0.0 38,00 0.00 0.00 a.00 0.00 0.0 190.00 F0.0
1.00 e 118 26.00 .00 &4.00 0.c0 0.00 0.00 66.00 0.00 140.8 Wil
1.00 16 116 «25.00 Q.00 44.00 a.00 o.co0 000 £5.00 0.00 140.80 011,20
1.% 10 1.50 26.00 a.00 20.00 0.00 0.00 Doo 7400 0.00 84.00 2062.00
138 1a 1.50 -25.00 0.00 28.00 000 0.00 0.00 -75.00 0.00 84.00 2362.00
138 8 1.68 2400 .00 38.00 000 0.00 0.00 72.00 0.00 14,00 433200
699.91 656,98 680,19 -2576.44 £2180.11 AN0140.99
131 em,
496 om,
100.20 om.
306.33 g-m*2
843 kg-m*2
179.18 kg-m*-2
L74 xg-m”2
D8 kgm''2
1.45 kg-m*'2

82188
$020.83
654.3

480
104785.08
8693.30
439313
4483.16
3706.25
30.00
350.00
360.00
340.00
7220.00
10334.20
10335.20
4227.00
4227.00
4050.00

“IRRH0
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