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Schedule: 
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Recovery support requirements. 

 





BLAST Level 1 Requirements

Altitude:  
120kft desired.  110kft Minimum.

Altitude Stability:
+/- 1000 ft desired.  +/- 3000 minimum.

Duration:  
28 day desired.  14 day minimum.

Launch Date:  
Later is better.  No earlier than December 15th.
We plan to be ready early.  



Thermal:
CSBF Components hang below telescope – No thermal issues with BLAST.

Pointing:
CSBF does not point the telescope – No pointing requirements.
- BLAST will use CSBF GPS data.

Telemetry:
- TDRSS Direct (115.2 kbps over high gain antenna)
- TDRSS (COMM 1/2) high rate (92 kbps) and low rate science port (6 kbps)
- Iridium Pilot (nominal 128Kbs, typical 80/100 Kbps)
- Iridium low rate science ports (2 kbps)
- 2 Science dedicated LOS L-Band/S-Band return TM 

1 Mbps  - LOS Bi-Ø  downlink (2Mbps if possible).
1 video – LOS.

- Science stack interface for commands only 

Recovery:
- Minimum – Recover Hard Drives
- Desired

- Receiver
- Attitude Control System
- Electronics
- Primary mirror (not with Twin-Otter)

- IDEAL - recovery of the entire instrument

CSBF Component Requirements



Experiment Performance - Detectors, Pointing 
Systems 

Pointing
– Acquire target and determine array position on star camera 
– 4 arcsecond pointing reconstruction
– Target – beam patterns and sensitivity  

Detectors
– 250, 350, 500 micron arrays functioning normally.

Science:
- Measure star forming cores
- Measure Polarized dust 
- Total:  10 regions





Summery of Ice Schedule

- Advance team arrives late October.
- Remove receiver and replace cold LNA.
- Update plumbing at top of receiver.
- Cool receiver
- 3 days of testing.
- Install on gondola.

- Mirror repair in parallel with the receiver cooldown.
- All together and doing pointing tests by November 20th

- Flight ready December 1st with two weeks contingency.







Actual Suspended Weight <5700 lbs











Material Testing



On Launch Vehicle



Telescope

- Manufactured by Vanguard Space Technologies under an SBIR Phase II award.
- Mold polished to 4 microns RMS.
- Expect a total of <9 microns RMS total wave front error.
- Status:  Installed at CSBF in July.  Shipped to the Ice.



Damage to Primary Mirror
● Problem:

1. Primary mirror crate was left in the rain in CHCH during transport to ice
2. Water seeped onto mirror surface causing galvanic corrosion between carbon fiber and 

aluminum coating over ~1-2 % of surface area
3. Corroded areas look like “hot spots” to our detectors, and cause optical aberrations

● Options for Moving Forward:
1. Do Nothing

■ This was our baseline plan on the ice during 2018/2019 season
2. Put aluminum tape over the bad spots 

■ Example: Ruag Space CoolCat BR-50 (nominal thickness 50-60 µm)
3. Paint bad spots with conductive paint

■ Example: RS PRO Silver Conductive Paint



Water Damage on Mirror





Measurement Results



Effect on Performance
● Estimates of mirror effect on optical 

performance estimate large 
improvement with some damage 
mitigation, especially at BLAST’s longest 
wavelengths 

● Paint solution looks most promising, 
and easiest to implement

● Still working on improving optical 
modeling



Plan for Moving Forward

● Baseline plan is to paint bad spots with conductive paint on the 
ice

● Investigating different painting methods
○ Brush vs airbrush, thinning with solvents, etc

● Improving optical modeling to fully characterize anticipated 
performance



BLAST-TNG Pointing Systems
• Motors (all direct drive DC):

– Azimuth: 
• Reaction wheel (short timescale control)
• Pivot Motor (keep RW from saturating

– IF driven with Elevation motor
• Primary Pointing Sensors:

– Two boresight optical star cameras
– Low noise gyros (DSP-1760s)

• Redundant Coarse Sensors:
– Magnetometer (~3 deg precision)
– Pinhole Sunsensors (~0.1 deg precision)
– DGPS heading (from CSBF DGPS)
– El motor encoder (0.2deg precision)
– Tilt sensors (~1 deg precision)

BLAST-TNG at the Columbia Scientific 
Balloon Facility July 2018



BLAST-TNG Pointing System Current Status

• Star Cameras + gyros fully 
integrated and tested with 
nighttime tests in Palestine, TX

• Extensive pointing control tests in 
both Palestine and the Antarctic 
LDB facility.
– Pointing control precision <3’’

• Would like some additional time 
outside at LDB to test and 
calibrate coarse sensor offsets and 
zeropoints.

Test BLAST-TNG Scan in Palestine (July 20th 2018)





Power System
- Same power system as flown successfully on BLAST10/12

-18 solar panels each with 30 cells per panel. 
- Manufactured in-house (same cells as CSBF uses).
- Grouped into sets of 3 panels in series.
- Should provide a voltage of up to 34.56 Volts for each 3 
panel set.
- The current available from each panel is 6.83 A.
- 1400 Watts @ 28 V -> 700 Watts at a 60 degree angle. 
- De-rate to 85% for high temperature -> 595 Watts
- Two separate systems one each for detectors and pointing.

-BLAST Antarctica 2006 – 500 Watts
- BLAST10/12 - 300 Watts  (new electronics – more capable, 
less power.)
- BLAST-TNG – 750 Watts (estimated).

- Lead acid batteries – Harsh environment – Same as CSBF

- Commercially available charge controller.
- TriStar MPPT-60 solar Charger from Morningstar Corp.







Modeling Thermal Environment

 Main Goals:
– Keep Sun and Earth shine off 

optics
– Define allowed pointing angles
– Ensure electronics operate 

properly
• Heat sinking
• Surface Prep (Paints, MLI)

 Models must be verified, 
especially for critical 
components

29



Thermal Model



Thermal M



Thermal Simulations



Thermal Simulations



ROACH Thermal Simulations

• ROACH thermal model validated 
during two Bemco tests

• Thermal link between ROACH 
enclosure and gondola calibrated 
in Bemco tests

• Large (12” x 24”) radiator 
increases radiation to sky
– Model includes pessimistic estimate of 

conductive link to radiator



Logistical Requirements

• Shipping:
– 3  5ft x 5ft x 5 ft pallets

• Must arrive prior to personnel – no freeze issues

• Cryogens and Gasses 
• Must arrive by when team arrives – early November.

• LDB Facility transportation
• Overcrowding at LDB and other issues may require significant off-hours work.  

Transportation may need to be arranged on a regular basis.



CSBF/NSF Support in McMurdo
- Standard pre-flight electronics and LDB support.

- Platform testing
- Same as last time.  Platform constructed away from high-bay for 

pointing sensor alignment

- Recovery
- 2-3 BLAST team members on recovery – Hopefully with the Bassler.



BLAST McMurdo Requirements
Similar to  BLAST 2006/2010

• Gas and Cryogens:
• Nitrogen gas – normal – 3 cylinders
• Helium gas – balloon – 3 cylinders
• Helium gas – 0.99999 – 3 cylinders
• Liquid helium - ~2000 liters
• Liquid nitrogen - ~6x160 liter dewars

• High bay space to stage the instrument

• Internet connection

•120 VAC, 220 VAC, 208 3-phase

• Shipping of payload to site





Gondola in High Bay

LDB High Bay Dimensions
● Rail Height: 28.5’
● Hook Height: 26.5’
● Door Height: 30’
● Door Width: 18’ (Bay 1), 20’ (Bay 2)



BLAST Hoist Usage

• Assemble Receiver 
• Initial gondola assembly
• Sun shield assembly and installation
• Solar panel assembly and installation
• Assemble and install primary/secondary mirrors
• Install star cameras
• Pointing sensor calibration
• Pointing tests – every day
• Need access to man lift for assembling Sun Shields and Solar Arrays.



- During the flight:
- 150 kilo-bits per second from North America to McMurdo

- Relaying server on the Ice serves TDRSS/Iridium data to computers on the continent
- 50 kbs from McMurdo to North America
- Text and Audio Skype (or equiv.) continuously

- Normal operation
- Normal internet usage
- Webcam – 1 frame every 10 seconds served from North America
- Occasional Text/Audio Skype
- EP&O 

- Video Skype with classrooms
- Photo blogs

- Require ONE static and externally accessible IP for the BLAST router.
- All BLAST computers are behind the router/firewall

- PORTS open to our router from the outside
- 22 (SSH), 41414, 41114, 14441, 14141  
- Ports for normal email operation 

- Dorm drops for BLAST team – Especially during the flight!

Internet Requirements





















BLAST McMurdo Requirements – Personnel 

• Needs are similar to 2018 -
• 3 person advance team arrives with the instrument

• Unpack and set up lab
• Assemble gondola

• + 1-2 weeks – 2 more people  - 6 TOTAL
• Assemble receiver and begin tests

• + 3 weeks – 4 more people  - 9-11 TOTAL
• Final flight preparation and planning

• 3 days after launch – all but 6 people leave





THANKS!
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3

Overview

 GUSTO Mission – Dec 2021

 Explorer Mission, slated for launch in Antarctica 2021

 First Explorers SPB +100 day Science Mission

 Success criteria for payload is 60 days baseline, 100 day 

flight, with possibility of ocean landing (no recovery)

 CSBF has provided multiple “trajectories” based on 

ECMWF reanalysis winds for previous years missions.

 693N provides the first snapshot of a flight trajectory.

 CSBF can provide further flights resolving SPB trajectory 

verification for a simulated GUSTO mission



4

Pathfinder Concept

Two Flights

Dec 1:  GUSTO Nominal Trajectory

Jan 1: GUSTO OFF-Nominal Trajectory

Aerostar provided SPB balloon to provide for ~75lbs @ 110Kft

- .6 MCF SPB 

Based on Aerostar ThunderHead .4 designs

- SPB Balloon to mimic float altitude of the NASA 18MCF 

- Aerostar provided flight proven Ripstitch,DP Gauges

- Aerostar health assessments of balloon health

Barrel Mission of Opportunity

- Payload available (~65lbs estimated)

- includes science provided termination system (CSBF Heritage)

- CSBF provided iridium balloon tracker

-- CSBF provided Ordnance (two squibs for termination)

- No Helium valve

Balloon is filled via an inflation ‘port’ 
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Pathfinder Flight Plan

Launch of First Payload “Nominal” GUSTO Dec 1-Dec 20

Gusto Flight Ready Date of Dec 10

Launch of Second Payload “OffNominal” Jan 1-Jan 10

Ascent – Float

Aerostar Health Assessment on initial float

OTH Monitoring via Barrel and CSBF Systems

Float – Float +100

OTH Monitoring via Barrel and CSBF systems

Periodic Aerostar health assessment of balloon health

Flight allowed circumnavigation of Antarctica Continent without restriction

Flight will NOT be allowed overflight of ANY populated land mass

Termination

Termination fires squibs

Tethered free fall of payload for nominal distance

Force provided to deploy RIP Panel

Balloon Destruction

NO Separation of flight gondola and balloon occurs

Both Payload and destroyed balloon fall as one unit

Meets environmental requirements for disposal in ocean (if necessary)



6

Flight Train Components
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693N Flight Results

693N

Launched Dec 9, 2018

73 days at float

Balloon Anomaly 

Terminated flight

Declared Mission Success

Multiple Science Events 

Captured throughout the 

Flight Duration

Nominal 2018 GUSTO 

Launch would have been 

a “Spiral OUT” year
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693N Barrel MOO 24 HR Spectra











































Balloon Program Office 

Wallops Flight Facility    

 

 

All times Eastern Daylight Time 

2019/2020 Antarctic LDB Campaign 
FY20 Mission Readiness Review 

4 October 2019 

NASA Goddard Space Flight Center 

Wallops Flight Facility 

Bldg. E-107, Rm. 305 

Wallops Island, VA 

Introduction and Campaign Overview 

9:00      ASC Onsite Report NSF/ASC 

 

FY20 Science Status Review  
(Schedule, Support, Integration, System/Sub-system status, Open Issues) 

9:10      BLAST Mark Devlin 

9:25    SuperTIGER Brian Rauch 

9:40  GUSTO Pathfinder / BARREL Robert Salter / Robyn Millan 

 

FY20 Science Piggyback Science Status Review  

9:55      E-MIST David Smith 

10:05    PMC Turbo David Fritts 

10:15    BAS Alex Meshik 

10:25 APTLITE James Buckley 

 

Campaign Support Overview 

10:35  Campaign Safety Overview WFF Safety Office 

11:05 CSBF Campaign Planning and Electronics Support Overview Hugo Franco / CSBF 

11:35 Campaign Planning Andy Hynous 

 

Close Out 

11:45 Open Discussion, Wrap-up & Adjourn NASA 

 



NASA 
Balloon Program Office  pg. 2 

Meeting Call-in Information 

WebEx Meeting 

Link: 
https://nasaenterprise.webex.com/  

Meeting Number: 908 177 146 

Meeting Password: HhEJJt4$ 

Audio Connection: (844) 467-4685 

Audio Passcode: 381049 

 

FY20 Candidate Presentation Guidelines:  
Primary Missions 10 slides; Piggyback 5 slides. 

Description:  

- Provide a brief overview of the science, science team, institutions, and roles. 

- Show schematics of the payload. Provide brief status of all major components. 

Requirements and needs:  

- Specify Level 1 requirements in balloon terms:  altitude, duration, number of orbits over 

Antarctica.  

- Describe where you are in the integration process (pictures are helpful). Highlight any issues, 

anomalies, recovery plans that may affect schedule. 

- Describe CSBF component requirements for thermal, pointing, telemetry.  

- Describe any special needs of payload: gases, cryogens, special shipping, etc.  

- Describe the On-Ice support required. Provide general integration schedule on the Ice, duration, 

and payload dimensions.  

- Describe in the field support requirements: quantity of tables/chairs, phone, internet, etc. 

- Describe the recovery plan (at a high level). How the payload will be dismantled on the ice and 

aircraft requirements. 

Schedule: 

- Show your summary schedule & key milestones. 

- List your team, by institution, role, with Crew arrival dates on/off Ice. Flight ready dates. 

Recovery support requirements. 

 







We know microbes will travel to Mars inside spacecraft. 
Will they survive and how will they change when exposed to Mars-like conditions?  

Earth’s polar stratosphere allows us to examine these important questions. 

Exposing Microorganisms in the Stratosphere (E-MIST) 
NASA Planetary Protection Office Grant (15-PPR15-0007) for FY17-FY19: 

Survival and -Omics Outcomes from Exposing Microorganisms in the Stratosphere on Long Duration Balloon Flights around Antarctica

http://www.nasa.gov/ames/research/space-biosciences/e-mist-2015



Position on Super TIGER-II Gondola

Launch:
• SOP to be reviewed with 

Super TIGER-II Team 
(October 3, 2018)

Recovery:
• Power off payload at 

earliest recovery 
opportunity. 

• Nothing else required –
place payload in shipping 
container and return to 
the US. 
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BAS  =  Balloon Air Sampling  (a SuperTIGER piggyback) 

Scientific goal:  To achieve a better understanding of the evolution of volatiles in 
terrestrial atmosphere.

To reach this goal we plan to capture air samples at different altitudes over 
Antarctica and to analyze returned captured noble gas isotopes by high precision 
isotope mass-spectrometry at Washington University.   

This will allow us to set the limit on possible altitude dependence  of elemental and 
isotopic mass-fractionation caused by low ionization potential of xenon and low 
escape velocity of 3He. 

BAS team: 
R. Binns, R. Bose, D. Braun, P. Dowkontt, A. Meshik (BAS PI), O. Pravdivtseva, 
B. Rauch (SuperTIGER PI).  All from  Physics Dept., Washington Univ., St. Louis



BAS consists of three ~ 200 ml stainless steel vacuum cylinders with all-metal ultra-high
vacuum valves actuated by gear motors at altitudes 4,800’, 18,000’ and 94,000’.

BAS : weight ~ 15 lbs, size  < 1’ x 1’ x 1’
Power:  < 1W during  balloon ascend (to run processor and pressure sensors) 

< 30W during air sampling (4 minutes for each sample)
no power is needed for the rest of the flight. 

BAS is electromagnetically passive, does not requite telemetry and is self-contained. 

“naked” BAS                                  BAS in the box                  BAS mounted on the frame 



BAS – the maiden flight (Jan-2019):

During the short Jan-2019 flight BAS successfully collected air samples  at 4,800’ 
and 18,000’.  The 94,000’ altitude has not been reached and the third cylinder (to 
our relief) was found to be still under vacuum ( 3 × 10-9 Torr) a half year after the 
flight.  

BAS is now field-tested and ready for the next flight.  The only modification will be 
an adjustment of sampling altitudes.  The low altitude air sample (a reference) will 
be taken manually on the ground.  Instead, one high-elevation  sample will be 
added. This  will increase the scientific outcome of the BAS experiment.  The 
weight, dimensions and power consumption of modified BAS are the same as in 
January 2019.  

BAS experiment will be presented at centennial AGU meeting: 
https://agu.confex.com/agu/fm19/meetingapp.cgi/Paper/507162
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- Describe the On-Ice support required. Provide general integration schedule on the Ice, duration, 

and payload dimensions.  

- Describe in the field support requirements: quantity of tables/chairs, phone, internet, etc. 

- Describe the recovery plan (at a high level). How the payload will be dismantled on the ice and 

aircraft requirements. 

Schedule: 

- Show your summary schedule & key milestones. 

- List your team, by institution, role, with Crew arrival dates on/off Ice. Flight ready dates. 

Recovery support requirements. 
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APT-Lite Schematics

• APT-Lite receives trigger signal from 
SuperTIGER model

• Utilizes ~1 kbps OpenPort

• Expect ~1,500 Iron group cosmic rays with 
SuperTIGER

• Will validate charge resolution and 
suitability for a balloon flight payload

Weight ~25 lbs



APT-Lite Integration & Support
• Part of compatibility testing at 

NASA/CSBF

• Undergoing intensive testing at 
WUSTL to resolve issues that 
might delay SuperTIGER
integration on the ice

• Will be transported with spare 
parts and supplies as excess 
baggage by Brian Rauch on 
November 6

• No support requirements beyond 
those listed for SuperTIGER

• No permits required

• Request same-season recovery if 
possible 
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Completed Tasks

DATE TASK

2019

April 4 Project Initiation Conference

May 13 CSBF Support Information Package submitted to ASC

May 21 Support Planning Meeting with ASC

July 15 SUPER TIGER group began arriving in Palestine 

July 24 Support Planning Meeting with ASC

August 15 SUPER TIGER  Compatibility testing completed

Aug 30 First sea shipment departed Palestine

Sept 13 Second sea shipment departed Palestine
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Projected Tasks

DATE TASK

2019

Nov 6 CSBF Campaign Manager and initial setup crew arrive on site

Nov 13 CSBF Electronics and second wave Rigging arrive

Nov 13 Super Tiger and BLAST personnel arrive 

Nov 18 CSBF payload engineers Super Tiger and BLAST arrive

Nov 18 Anticipated Science Support

Nov 18-20 BARREL Group arrives (Millan and Johnson)

Nov 20 BPO Mission Manager and NASA Safety RSO arrive

Dec 1 GUSTO pathfinder Flight Ready

Dec 9 CSBF, SUPER TIGER Ready Date (Assuming CSBF Support Nov 18)

Dec 23 BLAST Ready Date (Assuming CSBF Support Nov 18)

Jan 10 Nominal launch window ends (conditional launches after)

Jan 31 Close out of campaign begins
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LDB Facility  Safety Briefings

– The CSBF Antarctic Safety Briefing is broken down into three parts.

 Facility Safety Briefing for Antarctica QS-210-AA-B

 LDB Facility In-Briefing QA-210-AA-B1

 LDB Travel Procedures QA-210-AA-B2

– The Antarctic Support Contractor (ASC) will give a safety and in-briefing also.  These

are in addition to the CSBF Safety Briefings.
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SUPER TIGER Instrument Weight Estimates

• Principle Investigator: Prof. Walter Robert Binns

• Organization: University of Washington

• Launch Date: December 2019

• Balloon Allocation: CSBF# 1254 W39.57-2-118

• Backup: CSBF# 1243 W39.57-2-113

• Science weight: 4693 lbs.

• CSBF Weight: 1,173 lbs.

• Ballast: 190 lbs.

• Suspended Weight: 6,056 lbs.

• Balloon Weight: 4153 lbs.

• Gross Load: 10,209 lbs.

• Free Lift (10%): 1020 lbs.

• Gross Inflation: 11,229 lbs.

• Altitude with ballast: 126,000 ft.

• Altitude without ballast: 127,000 ft.
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BLAST- Instrument Weight Estimates

• Principle Investigator: Dr. Mark Devlin

• Organization: University of Pennsylvania

• Launch Date: December 2019 

• Balloon Allocation: CSBF# 1156 W34.43-3H-11

• Backup: CSBF#1038 W34.43-3H-04 

• Science weight: 5724 lbs.

• CSBF Weight: 1,217 lbs.

• Ballast: 800 lbs.

• Suspended Weight: 7741 lbs.

• Balloon Weight: 5,218 lbs.

• Gross Load: 12,959 lbs.

• Free Lift (10%): 1295 lbs.

• Gross Inflation: 14,254 lbs.

• Altitude with ballast: 118,000 ft.

• Altitude without ballast: 120,000 ft.
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TRAVAL-B

Instrument Weight Estimates

• Principle Investigator: Robert Salter/Robyn Millan

• Organization: CSBF / Univ of Dartmouth

• Launch Date: December 2019 and January 2020

• Balloon Allocation: CSBF# 1313 .6MCF SPB

• Backup: No Backup 

• Science weight: 70 lbs.

• CSBF Weight: 5 lbs.

• Ballast: n/a

• Suspended Weight: 75 lbs.

• Balloon Weight: 273

• Gross Load: 348

• Altitude without ballast: 110,000 ft.
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General Facilities and Equipment

• Facility Opening

– November 23 facility turnover to science

– December 1 Launch Pad Ready

• Balloons

– Primary and backup for BLAST and SUPER TIGER

– TRAVEL-B  2 SPB balloons

• Helium

– Enough helium on site for all inflations

• Proposed Space Assignments

 Payload building #1: CSBF / TRAVAL-B / SUPER TIGER

 Payload building #2: CSBF / BLAST / BARREL

 CSBF Support split between both buildings
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NSF/ASC Support

• Camp Manager and One General Assistant

• Galley

– Cook and assistant for the season

– Galley operational from November 23 (or camp open date) until closeout of project

• Cryogens and Gases

– Ln2 and gases per science SIP

– Lhe per delivery schedule supplied by CSBF

– High purity gases (He) for BLAST

• Accommodation in McMurdo

– TBD

• Office Space in McMurdo

– Office space in Crary Lab for CSBF, Science Teams
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Transport

• Shuttle

– Base transport timetable

• 07:30 depart McMurdo

• 17:30 depart LDB Facility

– Shuttle service per schedule

– On call shuttle (procedure to be determined)

– No personal transport
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NSF/ ASC Support cont.

• Preparation of Launch Pad

– Condition of launch pad and road to launch pad dictated by weather

• Cold weather    =  good condition

• Storms  =  more work required to bring pad back to launch condition

• Warm weather  =  poor condition

– After storms the airfields and roads are cleared before the LDB facility and  launch pad

• Assistance on the Launches

– Fleet ops personnel provided to assist on launch

– Fleet ops equipment required, 2 x Quad tracks to haul helium racks, 1x challenger to tow balloon on
layout, 1 x track loader (Kathy)

• Recovery

– DH6 Twin Otter

– Bassler (requires a groomed strip: 1 week preparation required)

– Helicopter if required

• Cargo Handling

– Shipments on site prior to arrival

– Retro cargo due on dock January 17
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Antarctica MRR 2019-2020

Topics of Discussion

LDB Support Overview

 Flight System Configuration (Overview)

 SIP System Configuration

 Ground Support Equipment (ROCC/OCC)

 LDB Systems

 List Of Spares

LDB Final Payload Integration 

 SuperTIGER Integration Review

 BLAST-TNG Integration Review
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Antarctica MRR 2019-2020

Flight System Configuration (Overview)

15FY2020 Antarctica Campaign Mission Readiness Review

DOWNLINKS:
•SIP LOS DATA (2)
•UTP LOS DATA (2)
•SCIENCE LOS DATA
•IRIDIUM  DATA (2)
•TDRSS  DATA (OMNI & HGA)
•IRIDIUM DATA (BACKUP NAVIGATION)
•IRIDIUM PILOT

UPLINKS:
•SIP LOS UHF COMMAND (2)
•UTP LOS UHF COMMAND (2)
•TDRSS COMMAND
•IRIDIUM COMMAND (2)
•IRIDIUM PILOT

RETRANSMIT:
•UHF COMMAND RETRANSMITTERS (2)



Antarctica MRR 2019-2020

SIP System Configuration

TDRSS/IRIDIUM SIP:

 RTD Computer COMM1 & COMM2

 TRIMBLE GPS Receiver used on COMM1 & COMM2 COMM links

 TDRSS Transceiver

 IRIDIUM Satellite Data Modem (Dial-up & Short Burst Data) COMM1 & COMM2

 Line-of-Site (LOS) UHF Command Uplink

 UHF Command Retransmitter to UTP (via OTH link only)

 L-Band LOS Data Downlink

 IRIDIUM SBD Modem, Backup Nav (MIP Based): Data Downlink for Critical 
Parameters

 Charge Controllers (SunSaver MPPT)

 Iridium Pilot
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Antarctica MRR 2019-2020

SIP System Configuration

COMM1 and COMM2 Science Options:

 Commanding
• Iridium (primary) and TDRSS (backup) :  OCC

• LOS:  ROCC

• TDRSS command windows are scheduled upon
science request

 Return TM via TDRSS While in View of Satellite
• Real time high-rate science data:

o 6 kbps with omni-directional antenna

o 92 kbps with High Gain antenna

• Receive TDRSS data at MOC in Palestine

 Return TM Via Iridium
• Real time high-rate science data:  up to 2-kbps while in dial-up mode

• Receive Iridium data at OCC in Palestine
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Antarctica MRR 2019-2020

Iridium OpenPort (Pilot)

• ADE (Above Deck Equipment):
– Contains the RF equipment

– Approximate weight 25 lbs

• BDE (Below Deck Equipment):
– Router and power

• Highest achievable throughput: 134 kbps

• Observed average throughput (Sweden 2013): ~80-100 kbps

• Data throughput is characterized as “bursty”

• Access: Static IP (accessible anywhere), uses port forwarding for internal

access

• TCP and UDP packet format available

• Science controls packet sizing and TCP intervals

• Global coverage, essentially Ethernet in the sky

• CSBF will power the IOP equipment, science simply provides the

Ethernet cable

18FY2020 Antarctica Campaign Mission Readiness Review



Antarctica MRR 2019-2020

TDRSS High Gain Antenna

• DeVries Scientific HGA

– Polar unit has azimuth positioning only

– Gain = 17dB

– Weight = 25 lbs

– Utilizes Trimble BX982 GPS compass

– Has successfully been tested at gondola

rotation of 3 degrees per second
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Antarctica MRR 2019-2020

Ground Support Equipment

GSE:

 Standard Windows 10/Lab View (v2013) based OCC computers and 

ground station software.

 All command uplink, data downlink, and science interfaces tested during 

full up compatibility test with Science groups.

 Software Changes or Enhancements (GSE):

 Aquila
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Antarctica MRR 2019-2020

LDB Systems

UTP:

–Universal Terminate Package (UTP) will be flown as the termination system

–Chute cutaway operation (SAPR/GAPR Capability)

–Party line and retransmit capabilities were tested and integrated in flight

configuration

Power System Configuration:

–Solar panel tilt angle set at 22 degrees

–84 (1/3 cut) cell laminated panels on each side, Suncat Solar (8 total)

–Charge controllers, MorningStar SunSaver MPPT

–Lead-acid batteries (20 A-H)

–Lithium backup batteries (90 A-H)
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Antarctica MRR 2019-2020

List Of Spares

GSE Spares:

– 1 ROCC System

– 1 LOS DECOM System

Flight Hardware Spares:

– LDB TDRSS Transceiver

– IRIDIUM LBT

– System Stack

– Flight Computer

– Hard Drives

– L-Band Transmitter

– LOS Receiver

– UTP and RFU

– Iridium PILOT

– DeVries TDRSS HGA

– Solar Pointing System (Rotator)
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Antarctica MRR 2019-2020

Battery Analysis
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BATTERY CAPACITY ANALYSIS "ANTARCTICA - FY2020"

Battery Systems Nominal Operating Period Predicted Temp Battery Capacity Temp Corrected Anticipated Use Safety

(Room Temp @ 25°C) Range (EC) Reduction Operating Period (Days) (Days) Factor

UTP (Telemetry) 98.48 -21C to 41C 10% 88.64 60 1.48

UTP (Command) 83.33 -21C to 41C 10% 75.00 60 1.25

B/U Nav System (2) 6.82 -20C to 33C 10% 6.14 0 hrs N/A

BATTERY CAPACITY/DEPLETION RATE ANALYSIS

Battery System Battery Pack Power Maximum Duration Predicted Temp Predicted Temp Temp Corrected

Specs Consumption (Room Temp) Range (EC) % Reduction Operating Period

A-H / day See Note 1 below DAYS

UTP (Telemetry) parallel 10 cell packs (30AH) 1.32 98.48 -21C to 41C 10% 88.64

26.4V(55 ma)

Number of packs 5

Total Capacity (Ah) 130

Quiescent Current Consumption (A) 0.055

(+20 amp-hrs for 20 hrs LOS)

UTP (Command) parallel 6 cell packs (30 AH) 1.8 83.33 -21C to 41C 10% 75.00

16V(75 ma)

Number of packs 5

Total Capacity (Ah) 150

Quiescent Current Consumption (A) 0.075

B/U Nav System parallel 8 cell packs (30 AH) 13.2 6.82 -20C to 33C 10% 6.14

21V(550 ma)

Number of packs 3

Total Capacity (Ah) 90

Quiescent Current Consumption (A) 0.55

1. Based on Measured Power Consumption.

2. On only if entire solar power system fails.

* Manufacturer's rate batteries as good for 35 amp-hrs each, we use 30 amp-hrs for analysis



Antarctica MRR 2019-2020

Schedule of Events

Schedule of Events:

July 30 (2018) – BLAST-TNG OTH communication test

July 31 (2018) – BLAST-TNG compatibility test

December 26 (2018) – BLAST-TNG Antarctica compatibility test

August 13 – SuperTIGER OTH communication test

August 15 – SuperTIGER compatibility test

November/December – Reintegration, Antarctica

December 09 – SuperTIGER flight ready 

December 24 – BLAST-TNG flight ready 
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Antarctica MRR 2019-2020

SuperTIGER Integration
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Antarctica MRR 2019-2020

SuperTIGER Integration

SuperTIGER Configuration:

 Low and High Rate Science ports on COMM1 and COMM2 systems 
providing:

– Downlink telemetry (6 kbps via OMNI)

– Downlink telemetry (150 kbps via HGA – 92 kbps effective)

– Downlink telemetry (2 kbps via Iridium Dialup)

– Uplink commanding (including LOS)

– Polled SIP data – GPS position and time, MKS (calibrated) pressure

 Iridium Pilot
– Up to 134 kbps bidirectional data transfer

 Science LOS Upper-L-Band return link
– Two LOS data transmitters

 Science Stack providing:
– 24 open collector command outputs
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Antarctica MRR 2019-2020

SuperTIGER Integration

Environmental Testing:

– BEMCO test of SIP 14 and all associated flight hardware performed 7/06/2019

– All components/hardware functioned nominally through predicted thermal analysis

range

LOS Transmitters:

– LDB: L-Band (1444.5 MHz)

– Science TX1: Upper-L-Band (1780.0 MHz)

– Science TX2: Upper-L-Band (1784.0 MHz)

Additional Sytem:

– Iridium Pilot

– TDRSS HGA
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Antarctica MRR 2019-2020

SuperTIGER Integration

Compatibility Testing

– A full  integration of all LDB

systems including SuperTIGER

instrument, science subsystems,

science GSE at the OCC with end

to end TDRSS uplink/downlink test

and UTP – August 15, 2019.

– All CSBF command/data interfaces

verified with no anomalies noted.
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Antarctica MRR 2019-2020

BLAST-TNG Integration
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Antarctica MRR 2019-2020

BLAST-TNG Integration

BLAST-TNG Configuration:

• Low and High Rate Science ports on COMM1 and COMM2 systems
providing:

– Science downlink TM (6 kbps via TDRSS Omni, 75 kbps via TDRSS HGA)

– Science downlink TM (2 kbps via Iridium Dialup)

– Science uplink commanding

– Polled SIP data – GPS position and time, MKS (calibrated) pressure

• HGA PCM Encoder providing:

– Science downlink TM (115.2 kbps via TDRSS HGA)

• Science Stack providing:

– 28 open collector command outputs
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Antarctica MRR 2019-2020

BLAST-TNG Integration

• LOS Transmitters:

– LDB TX: L-Band (1491.5 MHz)

– BLAST-TNG 999 kbps Data TX: L-Band (1515.5 MHz)

– BLAST-TNG Video TX: Upper-L-Band (1831 MHz)

• Additional Systems:

– Iridium OpenPort

– High Gain Antenna (DeVries sn: 004) for TDRSS transceiver
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Antarctica MRR 2019-2020

BLAST-TNG Integration

Compatibility Testing

– A full integration of all CSBF LDB
systems, BLAST-TNG systems,
LDB and BLAST-TNG GSEs at the
OCC with end to end TDRSS,
Iridium, and LOS uplink/downlink
test, and UTP July 31, 2018.

– Reintegration of CSBF and
BLAST-TNG systems completed
during FY2019 Antarctica

– All CSBF command/data interfaces
confirmed operational with BLAST-
TNG team

– BEMCO thermal testing of SIP6
and other associated CSBF flight
equipment was completed
successfully August 16, 2019. All
components and hardware
requalified through predicted
thermal analysis range
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