ISS VANGUARD // MASTER
ARCHITECTURE REPORT

Relativistic Round-Trip Mission Profile & Complete Mass-Energy Budget

Mission: Sol < Alpha Cruising Velocity: 0.50c Loiter Duration: 20.0 Years Complement: 500
Centauri (Round-Trip) (539,626,000 km/h) (In-System) Personnel

I 1. EXECUTIVE SUMMARY & MISSION PROFILE

This engineering dossier presents the comprehensive technical mass budget, propulsion requirements, and
sustenance architecture for the flagship exploration starship ISS Vanguard. Unlike one-way exploratory probes, the
mission mandate requires a complete round-trip expedition from the Solar System to Alpha Centauri (4.37 light-
years distant), including an intensive 20-year scientific and orbital colonization operations phase within the Centauri
binary system before returning to Earth.

37.48 Years 35.14 Years 68,450 Tons
TOTAL MISSION TIME (EARTH TOTAL MISSION TIME (CREW GROSS TAKEOFF MASS (IMLEO)
FRAME) PROPER FRAME)

Operating at a cruising speed of half the speed of light (v = 0.5¢), the starship relies on matter-antimatter beam-core
propulsion utilizing stoichiometric 1:1 annihilation of super-cooled antihydrogen and liquid hydrogen. To safeguard
the vessel and crew against relativistic cosmic radiation during transit, the vessel maintains a continuous 15 GW
active Artificial Magnetic Field Generator (AMFQG) deflector array.

I 2. RELATIVISTIC KINEMATICS & TIME DILATION ANALYSIS

At a transit velocity of 0.50c, relativistic time dilation becomes a significant operational factor for crew biological
aging and life support expenditure. The Lorentz factor (y) governing transit kinematics is calculated as:

y=11- ) % =11 - 0507 = 1.1547

For a baseline interstellar distance of d = 4.37 light-years, transit phases are structured into four primary relativistic
legs: Outbound Acceleration/Cruising/Deceleration, In-System Operations, and Inbound Acceleration/Cruising/
Deceleration.
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DISTANCE
MISSION SEGMENT S CE/

RANGE

EARTH - FRAME SHIP PROPER

VELOCITY PROFILE
DURATION TIME ( )

Leg 1: dT it (Sol —

eg 1: Outbound Transit (So 4.37 Light-Years
Alpha Centauri)
Leg 2: In-System Operations System Orbital
(Centauri A/B & Proxima) Operations

Leg 3: Return Transit (Alph

eg 3: Return Transit (Alpha 4.37 Light-Years
Centauri — Sol)
TOTAL ROUND-TRIP MISSION

74 Light-Y
PROFILE 8.74 Light-Years

Accel to 0.5¢c/

8.74 Years 7.57 Years
Cruise / Decel
Sub-relativistic
20.00 Years 20.00 Years
Interplanetary
Accel to 0.5¢/
. 8.74 Years 7.57 Years
Cruise / Decel
Relativistic 0.5¢
37.48 Years 35.14 Years

Cruise

I 3. ANTIMATTER-MATTER PROPULSION & FUEL MASS REQUIREMENTS

The primary engine architecture employs magnetic magnetic exhaust nozzles directing charged pions generated by

matter-antimatter annihilation. By annihilating antihydrogen (H) with normal liquid hydrogen (Hz) in a strict 1:1 mass

ratio, the engine achieves an effective exhaust velocity v, & 0.33c (Isp ~ 10,100,000 seconds) after accounting for

neutral pion gamma emissions and nozzle efficiency.

Executing a round-trip mission requires four major delta-v burns of Av = 0.50c each (Outbound Accel, Outbound
Decel, Inbound Accel, Inbound Decel), plus a 10% propellant reserve allocation for 20 years of in-system
exploration and attitude control maneuvers. Applying the relativistic rocket equation across all staging phases

establishes the absolute propellant budget:

TORAGE
PROPELLANT CATEGORY STORAG

CONFIGURATION

FUNCTION / PHASE MASS ALLOCATION
ALLOCATION (METRIC TONS)

Cryogenic Antihydrogen Magnetic Penning-Ring

(H) Toroids (4.2K)

Cryogenic Liquid Super-insulated Structural
Hydrogen (H,) Dewars

Auxiliary Reaction Mass Heated Expellant Dewars
TOTAL REACTION Multi-Stage Cryo-
PROPELLANT BUDGET Magnetic Array

CRITICAL STOICHIOMETRIC CONSTRAINT

Annihilation Fuel (4 Primary

26,200.0 T
Relativistic Burns + Reserve)
Normal Matter Reaction Mass S
(1:1 Stoichiometric Pairing) ! )
In-system Stationkeeping & 1500.0 T
Auxiliary Thruster Buffer ! )
Full Round-Trip Mission

53,900.0 T

Assurance

To maintain energetic equilibrium, the vessel carries exactly equal masses of antihydrogen and liquid hydrogen
(26,200 tons each). A depletion or containment failure in either reserve directly degrades the remaining delta-v
capacity, as unconsumed counterpart mass becomes unreactive structural ballast.
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4. SUSTENANCE & LIFE SUPPORT MASS BUDGET (500 CREW // 35.14
PROPER YEARS)

Supporting a complement of 500 personnel over a biological proper duration of 35.14 years requires a robust,
closed-loop Environmental Control and Life Support System (ECLSS). While standard open-loop human metabolic
requirements demand approximately 5.8 kg of combined water, oxygen, and dry food per person per day (~37,200
metric tons un-recycled over 35 years), the ISS Vanguard employs advanced multi-rotational hydroponic cultivation
rings and SABATIER/Bosch bioreactor recycling networks operating at 98.5% closure efficiency.

LIFE SUPPORT & DAILY BASELINE / CREW RECYCLING / CLOSURE

EXPENDITURE RATE

NET MASS REQUIRED
(METRIC TONS)

CONSUMABLE SYSTEM

Hydroponic Biomass &

0.65 kg dry nutrition equiv. /

Closed-loop Aeroponic

1,450.0 T
Cultivation Substrate person / day Growth Racks
Dehydrated Emergency 3-Year Total System Failure Hermetically Sealed Vault e
Rations (MRE Reserves) Buffer Storage '
Makeup Water & Cryo-Ice 2.50 L/ person / day 98.5% Wastewater/Vapor 680.0 T
Reserves (System Losses) Recovery )
Atmospheric Makeup & Gas Air lock losses & hull micro- Cryogenic Liquefied Gas crEa
Storage (N, /0,) permeation Manifolds )
Biological & Mechanical Spare Filters, membranes, LED Onboard Additive 600.0 T
Parts arrays, piping Manufacturing Buffer )
TOTAL SUSTENANCE & Full 35.14-Year Proper Closed-Loop Rotational T
ECLSS ALLOCATION Support Habitation ! ’

I 5. ARTIFICIAL MAGNETIC FIELD GENERATOR (AMFG) ARCHITECTURE

Relativistic flight through interstellar medium at 0.5¢ exposes the forward hull to intense relativistic proton flux and
neutral hydrogen bombardment. The forward AMFG array protects the starship by projecting an active Lorentz
deflection shield.

1,500 T BT

COIL-PEAK FIELD STRENGTH

15 GW

HULL-SURFACE DEFLECTOR STEADY-STATE POWER DRAW

FIELD

The AMFG utilizes toroidal high-temperature superconducting (HTS) coils cooled by super-cooled liquid helium
manifolds at 4.2K. Power is routed directly from auxiliary electromagnetic taps surrounding the primary antimatter
reaction core. The 75 T hull surface deflection threshold is verified to successfully deflect incident cosmic rays and
relativistic particles up to energies of > 10 GeV away from the rotational crew habitation rings.
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I 6. MASTER VEHICLE MASS SCHEDULE

Integrating all structural frameworks, primary propulsion systems, auxiliary exploration craft (6 auxiliary starships
and 10 orbital probes), life support reserves, and stoichiometric antimatter/matter propellant yields the final Initial
Mass in Low Earth Orbit (IMLEO) for the ISS Vanguard round-trip expedition:

SYSTEM SECTION / SUBTOTAL MASS MASS

(METRIC TONS) FRACTION (%)

TECHNICAL DESCRIPTION

COMPONENT ASSEMBLY

Primary Structural Frame &

Carbon-silicon carbide truss, rotating

5,850.0 T 8.55%
Habitation Rings crew rings, radiation shielding !
Propulsion & Magnetic Antimatter Penning traps, cryo-dewars,
. . . . 2,800.0 T 4.09%
Containment Assemblies magnetic nozzle coils
AMFG Forward Shield Array &  Superconducting coils, 4.2K cryo-
. . . - 950.0 T 1.39%
Power Conduits cooling manifolds, shielding
Exploration Fleet & Scientific 6 Auxiliary lander starships, 10 deep-
1,450.0 T 2.12%
Payloads space probes, surface labs
Closed-Loop Sustenance & Hydroponics, water reserves,
. . 3,500.0 T 5.11%
Consumables atmospheric stores, MRE rations
DRY SHIP SUBTOTAL (Vehicle  Fully outfitted vessel prior to propellant
. 14,550.0 T 21.26%
& Payload) loading
Antihydrogen Propellant Round-trip relativistic mission fuel + 20-
. 26,200.0 T 38.28%
Reserves (H) yr loiter reserve
Liquid Hydrogen Reaction Stoichiometric normal matter
26,200.0 T 38.28%
Mass (H,) counterpart mass
Auxiliary Reaction Mass & Sub-relativistic in-system maneuver
1,500.0 T 2.18%

Expellant Buffer

GROSS TAKEOFF MASS
(TOTAL IMLEO)

buffer

Fully fueled interstellar round-trip
expedition mass

Engineering Summary Assessment

68,450.0

100.

00%

Executing a full 37.48-year (Earth frame) round-trip interstellar colonization expedition to Alpha Centauri with a
500-person crew requires a structural dry mass of 14,550 metric tons and a combined relativistic propellant
mass of 53,900 metric tons (26,200 T antihydrogen + 26,200 T liquid hydrogen + 1,500 T auxiliary reaction

mass). The overall vehicle propellant mass fraction (fp) is 78.74%, representing a highly optimized design

made possible only by the extreme specific impulse of beam-core antimatter annihilation and closed-loop

ECLSS recycling systems.
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