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STPSAT-5 MISSION OVERVIEW

* HOSTING 5 DOD SPACE EXPERIMENTS | .
® RADIATION-HARDENED ELECTRONIC MEMORY EXPERIMENT /<
(RHEME) Sat5 Body 2 g

®*  HIGH-BANDWIDTH ANTI-JAM LASER OPTICAL NETWORK
(HALO-NET) — LASER COMMUNICATIONS EXPERIMENT

* RAM ANGLE MAGNETIC FIELD SENSOR (RAMS)

® STRONTIUM |IODIDE RADIATION INSTRUMENTATION (SIRI) —
GAMMA RADIATION SENSOR

® INTEGRATED MINIATURIZED ELECTROSTATIC ANALYZER- umagecou&esgv’?ge; ospace Corporation
REFLIGHT (IMESA-R) — SPACE WEATHER SENSOR STPSat-5 Orbit

® ONE YEAR MISSION LIFE

®* GOAL TO UTILIZE CUBESAT-CLASS HARDWARE WHERE
PRACTICAL TO ADVANCE MATURITY AND REDUCE COST

® 450 kM X 550 kM, 97.8 DEG INCLINED ORBIT, ~10:30
AM DESCENDING NODE

® | AUNCH MASS: ~ 115 KG

®* LAUNCHED ON SSO-A (SMALLSAT EXPRESS) FALCON 9
RIDESHARE: DECEMBER 3, 2018 AT 10:34 AM PST
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STPSat-5 Deployed
Configuration



STPSAT-5 DRIVING REQUIREMENTS FOR
POWER SUBSYSTEM

* MINIMUM DESIGN LIFE: 1 YEAR
*  MISSION MODES

* MODE A: SPACECRAFT VELOCITY ORIENTED WITH SUN-CONSTRAINED ROLL

* MODE B: HALO-NET BORESIGHT GROUND TRACKING — SHORT DURATION (< 10
MIN)

® SAFE SUN TRACK

®* PROVIDE POWER FOR PAYLOAD AND SPACECRAFT BUS
* PAYLOAD POWER — 30 W ORBIT AVERAGE (MODE A & B)
® SPACECRAFT BUS POWER — 75 W ORBIT AVERAGE

* BUS VOLTAGE: 22 — 34 VDC

® BATTERY DEPTH OF DISCHARGE: < 30% (STATE OF CHARGE > 70%)



STPSAT-5 SPACE VEHICLE OVERVIEW

Payloads HALO-Net RAMS

RS-422 UART RS-422 UART
PPS PPS & Temp
28 VDC 8VDC

iMESA RHEME SIRI
2 UART RS-422 UART RS-422, Temp
28 VDC 28VDC PPS, Analogs,
Discretes,
5VDC

17.4 A-hr
Capacity
Li lon Battery

Solar Array Wings (2)  Solar Array Gimbal (2)
SNC Mechanism: 1-
AZUR space Cel

Motorized LightBand

Structures

PIE #1

HALO-Net Interface
RAMS Interface

PIE #2

SIRl Interface
RHEME Interface
IMESA Interface

SCAB
Veltage Reduction
Level Translation
Battery Protection

Propulsion

epper Motor Driver

bal Control {2)

Saolar Array tching
Bat Charge Control
EOM Arm & Fire Switches

Heater Controllers
30 ADSS0/16 T/C Inputs
PIE Power Outputs
HDRM Outputs

TLVD
Thruster Drivers

GN2 Fill/Drain
Valve
Pressure
Transducer

Prop Fill/Drain
Valve

ECAPS 1N
Thrusters x4

BCT Flexcore

GNC Processor

BCT RWp500

Wheels Star Catalog
(3) Attitude Command & Control

Orbit Propa)

BCT 5 A
Torque Rods
(3)

Innoflight SCR-101 USB
Transeceiver
GNOME Type 1 Enc
2 Msps Software Defined Radio

Kapton Heaters
12 Heater Circuits

Temperature Sensors

gatar

ANTCOM GPS
Antennas (2)

Splitter/
Diplexer

S-Band Antennas (2)
d Patch
rage
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STPSAT-5 ELECTRICAL POWER SUBSYSTEM

*  SOLAR ARRAY

AZUR SPACE MULTI-JUNCTION SOLAR CELLS
(29.3% EFFICIENCY)

2 WINGS OF 2 PANELS EACH

20 SOLAR CELL STRINGS, EACH PRODUCING UP
10 0.5A

SINGLE-AXIS SOLAR ARRAY DRIVE

NEW SOLAR ARRAY DESIGN DEVELOPED UNDER
INTERNAL RESEARCH AND DEVELOPMENT AT
SIERRA NEVADA CORPORATION

®*  POWER CONTROL AND DISTRIBUTION

FLIGHT SOFTWARE CHARGE CONTROLLER
CONFIGURES STRING SWITCH STATE TO GET
BETWEEN 5 — 20 ACTIVE STRINGS

SWITCH STATE IS ADJUSTED TO MAINTAIN BATTERY
CHARGE WITHIN VOLTAGE AND CURRENT LIMITS

Image courtesy of Sierra Nevada Corporation

Solar Array Wing

*  BATTERY

e  SAFT LITHIUM ION CELLS

e 17.4 A-HR BATTERY CAPACITY

* 32V NOMINAL AT FULL CHARGE

0 HERITAGE BATTERY FROM OG-2 MISSION

Image courtesy of Sierra
Nevada Corporation

Single-Axis
Gimbal

Image courtesy of Sierra Nevada Corporation

Battery



SOLAR ARRAY DEVELOPMENT

SOLAR ARRAY PROCESS
DEVELOPMENT INCLUDED
TESTING OF 10xX19" AND
16x19" COUPON
PANELS

* LAPSS TESTING
* THERMAL VACUUM

® AMBIENT THERMAL
CYCLING

FLIGHT-LIKE STPSAT-5
PANEL WAS TESTED FOR
QUALIFICATION

e | APSS TESTING
®* VIBRATION

® THERMAL VACUUM
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Solar Array Coupon

Image courtesy of Sierra Nevada Corporation

Vibration Test

e

Thermal Cycling
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Thermal Vacuum




BATTERY DEVELOPMENT

ORIGINAL PLAN WAS TO USE A NEW
DEVELOPMENT BATTERY, HOWEVER,
ISSUES WERE EXPERIENCED DURING
QUALIFICATION

NEW PLAN WAS TO USE EXISTING
SURPLUS BATTERY FROM OG-2
PROGRAM AND REPURPOSE FOR
STPSAT-5

* ONE OG-2 BATTERY YIELDED 2
BATTERIES FOR STPSAT-5 (1 FOR TEST
AND 1 FOR FLIGHT)

MINOR MECHANICAL MOUNTING
MODIFICATIONS WERE REQUIRED TO
PROVIDE ADEQUATE CLEARANCE
BETWEEN BATTERY AND DEPLOYABLE
SOLAR ARRAY
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OG-2 Battery (2 modules)

Image courtesy of Sierra Nevada Corporation

STPSat-5
Baftery ;
(1 module)
STPSat-5
Stowed
Configuration
(Battery in

orange)



POWER ANALYSIS

Mission
Mode

Payload
Orbit
Average
Power
(W)

Bus Orbit
Average

Power
(W)

Battery
SOC (%)

* MAXIMUM SOLAR ARRAY POWER ~ 320 W

Satellite
Pointing

Velocity
oriented,
solar
constraine
d

Sun
tracking

Array
Gimbal

Gimballed
solar
arrays
(single-
axis)

Fixed
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MISSION STATUS

® | AUNCH: DECEMBER 3, 2018
FROM VANDENBERG AFB, CA

® EXPERIMENT DATA COLLECTION IN
PROGRESS

Image courtesy of Sierra Nevada Corporation



SAFE SUN-TRACK
ON-ORBIT PERFORMANCE

STPSat-5 Safe Mode Power (1/9/2019)
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Array Power (W) Battery SOC (%)
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® ARRAY SUNLIT AVERAGE POWER ~ 75-95 W — MAX CAPABILITY OF 320 W LIMITED BY FLIGHT
SOFTWARE SWITCHING

TYPICALLY < 10 OUT OF 20 CIRCUITS TOTAL NEEDED TO BE SWITCHED ON TO MAINTAIN BATTERY
WITHIN LIMITS

®*  MINIMUM BATTERY STATE OF CHARGE > 76%



MISSION MODE A
ON-ORBIT PERFORMANCE

STPSat-5 Mission Mode A (2/11/2019)
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Battery State of Charge (%)

Time (hh:mm)

— Array Power (W) Battery SOC (%)
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®  ARRAY SUNLIT AVERAGE POWER ~ 110 W — MAX CAPABILITY OF 320W LIMITED BY FLIGHT
SOFTWARE SWITCHING

® TYPICALLY < 12 OUT OF 20 CIRCUITS TOTAL NEEDED TO BE SWITCHED ON TO MAINTAIN
BATTERY WITHIN LIMITS

*  MINIMUM BATTERY STATE OF CHARGE > 76%



LESSONS LEARNED

® GIMBALLED SOLAR ARRAYS ON MICROSAT-CLASS VEHICLES ARE A PRACTICAL
MEANS TO ACHIEVE MORE CAPABLE SYSTEMS, HOWEVER ...

*  ALWAYS LOOK FOR LOW-COST ALTERNATIVES WHERE POSSIBLE

® HAVE AN “OFF-RAMP" FOR NEW DEVELOPMENT ITEMS

®* A ROBUST POWER SUBSYSTEM PROVIDES CRITICAL RESOURCES TO ...

® ADDRESS ON-ORBIT ISSUES/ANOMALIES

® EXCEED MISSION EXPECTATIONS
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