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Introduction

International Space Station - NASA

Beyond Low Earth Orbit (LEO)
Some known systems, some in development
Decreased capability of quick resupply

Over 20 years of continuous crewed missions
System knowledge and data
Wide variety of missions and operations
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Introduction

International Space Station - NASA

Beyond Low Earth Orbit (LEO)
Some known systems, some in development
Decreased capability of quick resupply

Over 20 years of continuous crewed missions
System knowledge and data
Wide variety of missions and operations

As we venture further into the cosmos, margin of error B A i 2
decreases. To best plan for lunar and Mars missions, it NASA Advanced Concepts Lab
IS necessary to examine and fully understand what has

been required for historical human spaceflight missions.
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Sources and Categorization

Operations Planning Timeline Integration
System (OPTIimIS)

Mission Integration Database Application
System (MIDAS)

Category Sub-Category Major Activity RaW Data
Vehicle Ops Food
Upkeep Ops Wipes and Gloves
Outfitting Text Health Care Consumables
Medical Processor Waste Collection
Schedgled Extravehicular Operational Supplies
Operations i‘g;:!:: (EVAS) ga:iegonzed Consumables Recreation and Personal Items
Work Training ata Hygiene
Exercise Clothing
Utilization Towels
Work Prep EVA Consumables
Ops Prep and | Public Relations Maintenance Scheduled Maintenance
Conferences | Conferences Tools
Tag-Ups Spares
Personal Utilization
Non-Work Sleep Outfitting
Meal Individual Packaging

Packaging

Tanks

Cargo Transfer Bags (CTBs)




Data Processing Format

OPTimIS processor .
works in similar format Logistics Data Processor

Step 1:

Organization “VehicleHardware” contains 4
potential logistics categories in the
organization library.

MIDAS Organization Entry:

VehicleHardware

Potential Logistics Cats: Step 2&3:
Subcategory “Support” does not list Outfitting as a
Consumables MIDAS Subcategory Entry: potential category, and Subsystem “USA IVA TOOLS”
. does not list Spares as a potential option, reducing the
5 rt !
Maintenance S potential categories from 4 to 2.
Spares Potential Logistics Cats: ‘
Qutfitting Consumables MIDAS Subsystem Entry:
Maintenance USA IVA TOOLS
MIDAS Starting Data Spares Potential Logistics Cats:
Data Type: Data Entry: Outfitting Consumables Keyword Identified:
Item Name RATCHET, SEALED, 1/4” Maintenance Ratchet
DRIVE, 4-1/2" LONG
Spares Potential Logistics Cats:
Item Organization VehicleHardware
ltem Subcategory Support Outhitting Consumables
Item Subsystem USA IVA TOOLS Step 4: Maintenance
The word “Ratchet” in the item name is listed in the S

keyword library associated with the Maintenance

logistics category. CQuthitting




ISS Mass and Crew Time Needs
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ISS Mass and Crew Time Needs
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to December 31, 2023

Total Scheduled Crew Hours : ~309,000 hrs




ISS Mass and Crew Time Needs
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Logistics Overview
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Packaging

Outfitting

Next 3 Flights are crew arrivals

2 Cargo deliveries\A

I

Next 2 Flights are crew arrivals

\

2 Cargo deliveries —»

Endurance is one of the largest
driver of logistics supply needs

New crew will need additional
personal items, adding to logistics
delivery mass

Many large cargo deliveries are in
preparation of subsequent new
crew arrivals



Crew Time Overview

60,000 Max. Theoretical Available Crew
Hours, 54,768 hrs

Unscheduled

50,000 Time
3,685 hrs
7% Ops Prep and
cs)g;igrilci?s Conferences
40,000 17,029 hrs 2’5\2(%] ”
31%

30,000

20,000
Non-Work

Hours Per Crew Member (hr/CM)

31,485 hrs
57%

10,000




Crew Time Overview
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Crew Operations and Time
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Closer Look
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Packaging
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Scheduled Operations

Crew Hours

Progress 79,

Delivered ~3.1t

100,000
95,000
90,000

85,000

Mass (kg)

80,000

75,000

20
15

10

Logistics

Crew Size
oo

Crew-3,
4 Crew

Delivered ~3.1t

— —Cargo Deliveries

Crew Arrivals

SpX-24,) Progress80, | |ING-17, Progress 81,

Soyuz 66,
3 Crew

Delivered ~3.4t | | Delivered ~3.9t Delivered ~1.5t |

Soyuz 67,, Ax-1, Crew-4,
3 Crew |4 Crew 4 Crew




Integrated Results of Highlighted Region
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Large logistics deliveries in preparation for crew
arrivals

Scheduled crew hours peak with changes in
crew size
Highest peaks occur following new crew arrivals

Increases in crew time on logistics following
cargo deliveries



Connections to Beyond LEO

Lunar Surface Considerations Mars Transit Considerations

« Short crewed mission durations « Long crewed mission duration
» High cost * No planned resupply

« Gravity environment  Inability to quickly abort

e Dust

TETY

NASA Advanced Concepts Lab
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Conclusion

« Historical ISS logistics mass and crew
time allocations provide a baseline to
iInform future mission design.

« Over 6.25 years of ISS operations
between October 2017 and December
2023:

« >134,000kg logistics delivered

« >17,000 hours of crew work activities per crew
member

 Future Work:

— Analyze specific logistics item deliveries and
their role in mission objective

— Map specific item and activity differences
between ISS, surface missions, and Mars
transit missions

712412024
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International Space Station - NASA

16



712412024

QUESTIONS

17



Appendix
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Launch ID Launch Name

Progress 68

Launch Date

10/14/2017

Docking Date

10/16/2017

Launch ID Launch Name

Progress 77

Launch Date

2/15/2021

Docking Date

2/17/2021

OA-8 11/17/2017 11/14/2017 NG-15 2/20/2021 2/22/2021
SpX-13 12/15/2017 12/17/2017 Soyuz 64 4/9/2021 4/9/2021
Soyuz 53 12/17/2017 12/19/2017 Crew-2 4/23/2021 4/24/2021
Progress 69 2/13/2018 2/15/2018 SpX-22 6/3/2021 6/5/2021
Soyuz 54 3/21/2018 3/23/2018 Progress 78 6/29/2021 7/2/2021
SpX-14 4/2/2018 4/2/2018 Nauka 7/21/2021 7/29/2021
OA-9 5/21/2018 5/24/2018 NG-16 8/10/2021 8/12/2021
Soyuz 55 6/6/2018 6/8/2018 SpX-23 8/29/2021 8/30/2021
SpX-15 6/29/2018 7/2/2018 Soyuz 65 10/5/2021 10/5/2021
Progress 70 7/9/2018 7/10/2018 Progress 79 10/28/2021 10/30/2021
HTV7 9/22/2018 9/27/2018 Crew-3 11/11/2021 11/11/2021
Progress 71 11/16/2018 11/18/2018 Progress M-UM* 11/24/2021 11/26/2021
NG-10 11/17/2018 11/19/2018 Soyuz 66 12/8/2021 12/8/2021
Soyuz 57 12/3/2018 12/3/2018 SpX-24 12/21/2021 12/22/2021
SpX-16 12/5/2018 12/8/2018 Progress 80 2/15/2022 2/17/2022
SpX-DM1 3/2/2019 3/3/2019 NG-17 2/19/2022 2/21/2022
Soyuz 58 3/14/2019 3/15/2019 Soyuz 67 3/18/2022 3/18/2022
Progress 72 4/4/2019 4/4/2019 Ax-1 4/8/2022 4/9/2022
NG-11 4/17/2019 4/19/2019 Crew-4 4/27/2022 4/27/2022
SpX-17 5/4/2019 5/6/2019 Boe-OFT2 5/19/2022 5/21/2022
Soyuz 59 7/20/2019 7/20/2019 Progress 81 6/3/2022 6/3/2022
SpX-18 7/25/2019 7/27/2019 SpX-25 7/15/2022 7/16/2022
Progress 73 7/31/2019 7/31/2019 Soyuz 68 9/21/2022 9/21/2022
Soyuz 60 8/22/2019 8/27/2019 Crew-5 10/5/2022 10/6/2022
HTV8 9/24/2019 9/28/2019 Progress 82 10/26/2022 10/28/2022
NG-12 11/2/2019 11/4/2019 NG-18 11/7/2022 11/9/2022
SpX-19 12/5/2019 12/8/2019 SpX-26 11/26/2022 11/27/2022
Progress 74 12/6/2019 12/9/2019 Progress 83 2/9/2023 2/11/2023
NG-13 2/15/2020 2/18/2020 Crew-6 3/2/2023 3/3/2023
SpX-20 3/7/2020 3/9/2020 SpX-27 3/15/2023 3/16/2023
Soyuz 62 4/9/2020 4/9/2020 Soyuz 69 3/28/2023 3/28/2023
Progress 75 4/25/2020 4/25/2020 Ax-2 5/21/2023 5/22/2023
HTV9 5/20/2020 5/25/2020 Progress 84 5/24/2023 5/24/2023
SpX-Demo2 5/30/2020 5/31/2020 SpX-28 6/5/2023 6/6/2023
Progress 76 7/23/2020 7/23/2020 NG-19 8/2/2023 8/4/2023
NG-14 10/3/2020 10/5/2020 Progress 85 8/23/2023 8/25/2023
Soyuz 63 10/14/2020 10/14/2020 Crew-7 8/26/2023 8/27/2023
Crew-1 11/16/2020 11/17/2020 SpX-29 11/10/2023 11/11/2023
SpX-21 12/6/2020 12/7/2020

Crew flights in bold

* Progress M-UM delivered 0 kg logistics mass
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