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Abstract: 

Solar sailing represents one of the most promising breakthroughs in space exploration, eliminating the 
need for chemical fuel by using pure sunlight for propulsion. NASA's Advanced Composite Solar Sail 
System (ACS3) demonstrates this revolutionary technology with its impressive 860-square-foot sail - 
equivalent to the size of six parking spots - while fitting inside a spacecraft no larger than a microwave 
oven. This innovative propulsion technology offers remarkable potential for future space missions. In fact, 
solar sail spacecraft could achieve speeds exceeding 20 astronomical units in just one year, covering 
approximately 1.86 billion miles. Compared to traditional spacecraft, these light-powered vessels could 
reach Pluto in half the time - just five years versus the nearly ten years needed by the New Horizons probe. 
We are witnessing the dawn of true interstellar travel possibilities. The ambitious StarShot project aims to 
accelerate small solar sails to 20% of light speed using a powerful 100-Gigawatt laser beam array, 
potentially enabling the first flight past Proxima Centauri by 2060. This groundbreaking technology opens 
up new frontiers in our quest to explore the cosmos, promising faster and more efficient space travel than 
ever before. 
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1. Understanding How Solar Sails Work: The Basics of Light Propulsion 

The concept of using light for propulsion dates back to 1921 when Konstantin Tsiolkovsky first 
theorized the possibility. Later in 1924, Tsiolkovsky and Tsander wrote about "using tremendous 
mirrors of very thin sheets" and "using the pressure of sunlight to attain cosmic velocities". What 
once seemed like science fiction has evolved into a genuine propulsion technology with 
remarkable potential [1]-[3]. 

1.1 The Science of Photon Pressure 

Solar sailing operates on a fundamental physical principle: despite having no mass, photons 
possess momentum. This concept, rooted in Einstein's relation, states that the momentum of a 
photon equals its energy divided by the speed of light (p = E/c). Alternatively, a photon's 
momentum can be expressed as p = h/λ, where h is Planck's constant and λ is the wavelength. 
When these photons strike a reflective surface, their momentum transfers to that surface. 
The physics behind this process involves electromagnetic fields. Photons have associated electric 
and magnetic fields that interact with the sail material. When photons hit a solar sail's mirror-like 
surface, they bounce off (reflect), transferring their momentum twice – once upon impact and 
again upon reflection. Although each photon's contribution is minuscule, the cumulative effect 
becomes significant in the vacuum of space where no friction exists to counteract this force. 
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At Earth's distance from the Sun (1 AU), the solar radiation pressure measures approximately 9.1 
μN/m² on a perfectly reflective sail. Real-world sails achieve about 90% efficiency 
(approximately 8.17 μN/m²) due to factors like curvature, wrinkles, absorption, and non-specular 
reflection. This pressure diminishes with the inverse square of distance from the Sun, meaning 
the force weakens as spacecraft venture farther. 
 

Table 1. Comparison of Solar Sailing and Conventional Space Propulsion Systems 
 

Propulsion 

Type 

Energy Source Fuel 

Requirement 

Achievable Speed Key Advantages 

Chemical 

Rockets 

Chemical 

combustion 

High Limited by fuel mass High thrust for 

launch 

Ion Propulsion Electrical power 

(solar/nuclear) 

Low Moderate Efficient long-

duration missions 

Solar Sailing Sunlight (photon 

pressure) 

None High over long 

durations 

Fuel-free, 

continuous 

acceleration 

Laser-Driven 

Solar Sail 

Ground-based lasers None (onboard) Extremely high (up 

to 0.2c proposed) 

Enables interstellar 

missions 

 
A common misconception involves "solar wind" – the flux of charged particles emanating from 
the Sun. Despite popular belief, this doesn't power solar sails. The particle pressure from solar 
wind near Earth is roughly 1-4 nPa (nanopascals), over three orders of magnitude smaller than 
photon pressure. Therefore, solar sailing relies primarily on light, not charged particles. 
Modern calculations predict that continuous photon pressure can accelerate a lightweight sail at 
approximately 0.0058 cm per second, each second. After a month, this seemingly tiny acceleration 
could boost speeds to nearly 341 mph (550 km/h). Moreover, unlike conventional rockets that 
burn through their fuel supply quickly, this acceleration continues as long as light strikes the sail. 

1.2 Why Solar Sails Don't Need Fuel 

The revolutionary aspect of solar sailing stems from its propellant-less nature. Traditional 
spacecraft must carry every gram of fuel needed for their journey, creating a vicious cycle – more 
fuel means more mass, requiring even more fuel to accelerate that additional mass. Solar sails 
elegantly sidestep this limitation. 
Instead of depleting onboard propellant, solar sails harness the Sun's essentially limitless energy. 
As NASA notes, "The Sun will continue burning for billions of years, so we have a limitless 
source of propulsion". This fundamentally changes the economics and capabilities of space 
exploration. 
Conventional spacecraft typically gain most of their momentum during launch and initial burns, 
subsequently coasting through space or relying on planetary gravity assists. In contrast, solar 
sailing enables continuous acceleration throughout a voyage, allowing spacecraft to eventually 
reach speeds practically unattainable with chemical rockets. 
Additionally, solar sails permit directional control through techniques similar to maritime sailing. 
By adjusting the sail's angle relative to the Sun, spacecraft can move in directions other than 
directly away from our star. This maneuverability, combined with constant acceleration, offers 
unprecedented navigation flexibility. 
The practical implementation requires large, lightweight surfaces. For example, LightSail's design 
encompasses approximately 344 square feet (32 square meters) yet has a thickness of merely 
0.0002 inch (0.00051 centimeters). This extreme thinness enables the sail to remain light enough to 
be pushed by photon pressure while providing sufficient surface area to capture meaningful 
momentum. 
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Although still in relatively early stages of development, solar sailing represents a profound shift 
in propulsion philosophy. Rather than bringing fuel for the journey, spacecraft can utilize an 
energy source already abundantly available throughout our solar system. This approach 
promises significant cost reductions for extended missions by eliminating heavy propellant 
systems and opens possibilities for voyages previously considered impractical due to fuel 
constraints [4]-[7]. 

2. The Breakthrough: Advanced Composite Materials for Solar Sailing 
Recent advances in material science have enabled the creation of solar sails capable of harnessing 
photon pressure more efficiently than ever before. NASA's development of novel deployable 
structures and materials technologies marks a significant leap forward for solar sail propulsion 
systems destined for future low-cost deep space missions. 

 
Figure 1. The Breakthrough: Advanced Composite Materials for Solar Sailing 

2.1 Carbon Fiber Boom Technology 

At the heart of modern solar sailing breakthroughs lies the revolutionary carbon fiber boom 
technology. NASA's Advanced Composite Solar Sail System (ACS3) utilizes composite materials 
in its lightweight booms that deploy from a CubeSat. These composite booms comprise a 
polymer material reinforced with carbon fiber, creating a structure that can be rolled for compact 
stowage yet remains strong and lightweight when unrolled. 
What makes these booms particularly remarkable is their performance characteristics. The carbon 
fiber composite structure is exceptionally stiff and resistant to bending and warping caused by 
temperature fluctuations. According to NASA specifications, these composite booms are 75% 
lighter than previously flown metallic deployable booms. Furthermore, they experience 100 times 
less in-space thermal distortion—change of shape under heat—compared to their metallic 
predecessors. 
The innovative expanding tubular boom system can be rolled up inside a cubesat for launch and 
then unrolled when deployed in space. This tube-shaped design allows the booms to be squashed 
flat and rolled like a tape measure into a small package while offering all the advantages of 
composite materials. Through NASA's Small Spacecraft Technology program, successful 
deployment and operation of these lightweight composite booms will open the door to larger 
scale missions to the Moon, Mars, and beyond [8]-[9]. 
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2.2 Ultra-thin Reflective Membranes 

The primary performance metrics for sail materials are deployable reflective area, areal density, 
and operational temperature range. Modern solar sail membranes utilize advanced materials 
such as polyimides and polyesters. For instance, NASA's Nanosail-D used CP1 polyimide, while 
JAXA's IKAROS employed ISAS-TPI, jointly developed by JAXA and the Kaneka Corporation 
using a nonstandard synthesis process. 
These membrane-structured solar sails are typically made of a thin film such as 7.5 μm thick 
polyimide film. Physical Sciences, Inc. (PSI) has developed a novel method of producing thin film 
membranes for solar sails that has been used to make highly reflective membranes with an areal 
density of just 0.125 g/m². Consequently, these ultra-thin materials provide a remarkable 
combination of low weight and high storability, making them ideal for meeting payload limits. 
Conventional solar sail designs commonly use aluminized plastic support membranes to form 
the sail. Nonetheless, emerging opportunities now exist to use new polymeric materials 
specifically designed for solar sailing applications, taking advantage of integrated sail 
manufacturing to enable large-scale solar sail construction. For long-duration missions, partially 
aromatic polymers such as Mylar® are more prone to degradation by space environmental 
factors, pushing researchers toward more durable solutions. 

2.3 Weight-to-Surface Area Optimization 

Optimizing the weight-to-surface area ratio represents a critical factor in solar sail effectiveness. 
The composite boom technology used for the ACS3 technology demonstration could support 
future solar sails up to 500 square meters (5,400 square feet), about the size of a basketball court. 
More impressively, follow-on composite boom technologies now in development will enable 
solar sails as large as 2,000 square meters (21,500 square feet). 
From a practical perspective, membranes with spiral folding show significant potential for spin-
deployable mechanisms. Notably, these designs offer several benefits over membranes deployed 
by rigid support structures, including a favorable mass to membrane surface area ratio allowing 
larger accelerations. Additionally, they provide small angular momentum useful for attitude 
stabilization and demonstrate simplicity, flexibility, and favorable deployment performance. 
Three-dimensional solar sail designs have also proven beneficial for optimization. Unlike flat 
solar sails, three-dimensional pointed structures receive solar radiation pressure from both the 
back and side of the satellite. Testing has shown that optimized solar sail shapes improve 
unloading time greatly compared to conventional flat or pyramid-shaped solar sails. 
Ultimately, the race to optimize weight-to-surface area continues to push engineering 
boundaries. As one analysis points out, the mass of a 70 g/m boom would be less than that of a 
relatively advanced 3 g/m² sail above a sail size of about 66 meters. This same design could be 
used in space at 1 AU up to a sail size of about 321 meters, with a geometrically scaled version 
potentially reaching 1,569 meters without the mass exceeding that of the sail itself [10]-[11]. 

3. Current Solar Sail Spacecraft in Operation 

Three pioneering solar sail spacecraft have recently turned theory into reality, each 
demonstrating critical aspects of this revolutionary propulsion technology. These operational 
missions provide valuable data for future interstellar travel while overcoming significant 
engineering challenges. 

3.1 NASA's ACS3 Mission Profile 
NASA's Advanced Composite Solar Sail System (ACS3) launched on April 23, 2024, aboard a 
Rocket Lab Electron rocket from New Zealand's Māhia Peninsula. This innovative spacecraft fits 
within a surprisingly compact 12-unit CubeSat measuring approximately 9 inches by 9 inches by 
13 inches—about the size of a small microwave oven. Upon deployment, ACS3's square-shaped 
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solar sail measures approximately 30 feet (about 9 meters) per side, roughly equivalent to a small 
apartment. 
The primary objective of ACS3 focuses on demonstrating successful deployment of composite 
booms and sail packing systems in low Earth orbit. These revolutionary composite booms are 
75% lighter than previously flown metallic deployable booms. Likewise, they experience 100 
times less in-space thermal distortion than traditional materials. 
Currently orbiting Earth, ACS3 utilizes a suite of onboard digital cameras to capture images of 
the sail, allowing engineers to assess its shape and alignment. On August 24, 2024, ACS3 
successfully deployed its solar sail, though one boom appears slightly bent. Nevertheless, the 
mission team remains confident this minor issue won't prevent ACS3 from accomplishing its 
objectives. 

3.2 The Planetary Society's LightSail 2 Achievements 

The Planetary Society's LightSail 2 spacecraft made history as a citizen-funded solar sailing 
mission. Launched on June 25, 2019, LightSail 2 earned prestigious recognition, receiving TIME's 
100 Best Inventions of 2019 award and Popular Science's Best of What's New award for the same 
year. 
Following over three years of successful operation, LightSail 2 finally reentered Earth's 
atmosphere on November 17, 2022, conclusively demonstrating solar sailing for small spacecraft. 
Throughout its extended mission, the spacecraft generated valuable data shared through peer-
reviewed journal articles, conference presentations, and public outreach efforts. 
LightSail 2's legacy extends beyond its own mission parameters. The data collected continues to 
support future solar sailing endeavors, particularly NASA's NEA Scout, Solar Cruiser, and ACS3 
missions. Indeed, LightSail 2 conclusively proved that CubeSats can effectively carry solar sails 
with sufficient propulsive capability for orbital maneuvers while still accommodating science 
instruments. 

3.3 JAXA's IKAROS Legacy 

JAXA's Interplanetary Kite-craft Accelerated by Radiation Of the Sun (IKAROS) holds the 
distinction of being the world's first spacecraft to successfully demonstrate solar sail technology 
in interplanetary space. Launched on May 21, 2010, IKAROS pioneered this revolutionary 
propulsion method and achieved multiple groundbreaking firsts. 

 
Figure 2. JAXA's IKAROS Legacy 

The spacecraft utilized a remarkably thin sail membrane—just 0.0075 mm thick—made from 
polyimide resin. This incredibly lightweight sail deployed into a square approximately 20 meters 
in diagonal measurement. Importantly, IKAROS incorporated not only thin film solar cells but 
also an attitude control device and scientific observation sensors directly on the membrane. 
IKAROS employed an ingenious two-stage deployment method that didn't require supporting 
struts such as booms. Initially, the sail deployed quasi-statically using an onboard mechanism, 
followed by a dynamic deployment phase that utilized centrifugal force from spinning the main 
spacecraft body. This innovative approach contributed significantly to weight reduction, enabling 
future applications for larger membranes. 
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On November 30, 2012, JAXA announced that IKAROS had earned Guinness World Records 
recognition as the world's first solar sail spacecraft operating between planets. By 2014, IKAROS 
was following a ten-month orbit around the Sun, spending approximately seven months of each 
orbit in hibernation mode due to insufficient power. Subsequently, the spacecraft awakened from 
hibernation for the fourth time on April 23, 2015, continuing its journey approximately 120 
million kilometers from Earth. 
Beyond demonstrating solar sailing capabilities, IKAROS conducted valuable scientific 
investigations including observations of gamma-ray bursts, solar wind, and cosmic dust. The 
mission additionally verified that trajectory control was possible through adjusting the sail's 
direction using LCD devices integrated into the sail material. 
 

Table 2. Major Solar Sail Missions and Technological Milestones 
 
Mission / Project Organization Sail Size / Feature Key Achievement 
IKAROS JAXA 14 m × 14 m sail First successful interplanetary 

solar sail 
LightSail 2 The Planetary 

Society 
32 m² sail First controlled solar sailing in 

Earth orbit 
ACS3 NASA 860 ft² composite 

sail 
Advanced deployable sail 
technology 

Breakthrough 
StarShot 

Breakthrough 
Initiatives 

Ultra-light laser-
driven sail 

Conceptual interstellar mission 
to Alpha Centauri 

 

4. Measuring Solar Sail Speed: From Earth to the Stars 
The performance capabilities of solar sails extend far beyond conventional propulsion systems, 
offering unique advantages for both near-Earth missions and potential journeys to distant stars. 
Understanding the acceleration profiles and maximum velocities achievable helps illustrate why 
this technology represents such a promising path for future space exploration. 

4.1 Acceleration Profiles Over Time 

At Earth's distance from the Sun (1 AU), solar radiation pressure generates thrust of 
approximately 8.17 μN/m² on a 90% efficient solar sail positioned perpendicular to sunlight. For 
a solar sail with 1,000 square meters of surface area, this translates to a modest initial force of 
about 8.17 × 10⁻³ N. Henceforth, even with this seemingly small force, a lightweight sail can 
achieve substantial acceleration—approximately 0.0009 m/s² for an ultra-lightweight design. 
What makes solar sailing truly remarkable, analogous to compound interest, is how these small 
accelerations accumulate over time. Since solar sails require no propellant, they can continue 
accelerating as long as they receive sunlight. Simultaneously, it's important to realize this 
acceleration diminishes with distance from the Sun, following an inverse square relationship. A 
spacecraft near Jupiter, for instance, would receive only about 1/24th the light intensity 
compared to Earth, requiring a sail 24 times larger to produce equivalent acceleration. 
The performance of a solar sail is commonly measured by its "characteristic acceleration"—the 
light pressure-induced acceleration experienced by the sail when oriented normal to the Sun at 1 
AU. This value depends on both the sail design efficiency and payload mass. Modern ultra-thin 
solar sails can achieve characteristic accelerations between 0.1-1 mm/s², with advanced designs 
potentially reaching values of 0.3-0.5 mm/s². 

4.2 Maximum Velocities Achievable Within Our Solar System 
Within our solar system, solar sails offer impressive capabilities for rapid transit between planets. 
A solar sail with characteristic acceleration of about 0.3 mm/s² could deliver a Mercury orbiter in 
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approximately 2.5 years, markedly faster than conventional propulsion methods. Straightaway, 
this would reduce total mission launch mass to 872 kg—well below the capacity of a 
Soyuz/Fregat launcher—while improving mission payload mass fraction from 0.24 to 0.63. 
For missions venturing to the outer planets, an ultra-light solar sail with characteristic 
acceleration of at least 0.5 mm/s² could reach the Oort cloud (approximately 10,000 AU away) 
within half a century. Even more impressively, achieving 5 mm/s² would reduce this journey to 
just 12 years. For Pluto missions, an ultra-thin aluminum sail could potentially arrive in just 100 
days, versus the nearly decade-long journey required by New Horizons. 
The minimum transfer time to Jupiter with a solar sail having 1 mm/s² characteristic acceleration 
(using a solar swing-by trajectory) would be approximately 2 years, with an arrival speed close to 
17 km/s. Altogether, these capabilities demonstrate substantial advantages over conventional 
propulsion for exploring the outer solar system [12]-[14]. 

4.3 Theoretical Limits for Interstellar Travel 

The ultimate question for solar sailing concerns its viability for interstellar missions. Undeniably, 
the maximum velocity achievable with solar sails depends on several factors: sail area, sunlight 
intensity, acceleration duration, and trajectory optimization. The theoretical engineering limit for 
solar sail terminal velocity is approximately 6.47% the speed of light (about 19,397,620 m/s), 
assuming optimal material properties and proximity to the Sun. 
In practice, current solar sail materials and designs face limitations. A realistic terminal velocity 
might be closer to 0.2% the speed of light when starting acceleration at 1 AU using a 10-
nanometer thick sail. This velocity scales as the inverse square root of the starting distance from 
the Sun. Getting too close to the Sun to increase acceleration would risk melting the sail before 
achieving significantly higher speeds. 
For genuine interstellar missions, alternative approaches are being considered. The Breakthrough 
Starshot initiative proposes using powerful ground-based lasers to propel lightweight solar sails 
to speeds up to 20% the speed of light. Additionally, Robert Forward's beam-powered propulsion 
concepts using lasers or masers could potentially push giant sails to a significant fraction of light 
speed. If a spacecraft could average 10% of light speed, it would reach Proxima Centauri in 
approximately forty years—bringing our nearest stellar neighbor within reach of a single human 
lifetime. 

5. Beyond the Solar System: Interstellar Mission Planning 

Interstellar Objects (ISOs) present a remarkable opportunity to explore materials from other solar 
systems, yet their high characteristic energies make them challenging targets. This challenge has 
spurred several innovative mission concepts using advanced solar sailing technologies to reach 
beyond our cosmic neighborhood. 

5.1 Breakthrough Starshot Initiative 

Launched in 2016 with $100 million in funding from Russian-Israeli entrepreneur Yuri Milner, 
the Breakthrough Starshot initiative represents humanity's most ambitious attempt at interstellar 
travel. The project aims to develop ultra-fast light-driven nanocrafts capable of reaching Alpha 
Centauri within a single human generation. At its core, the concept involves a ground-based laser 
array delivering up to 100 gigawatts of power to miniature spacecraft equipped with lightsails. 
These nanocrafts, weighing only a few grams, would accelerate to approximately 20% of light 
speed (216 million km/h), enabling them to reach our nearest stellar neighbor in just 20-30 years. 
Each "StarChip" would carry cameras, navigation gear, communication equipment, photon 
thrusters and power supply while being propelled by meter-scale lightsails. 
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Figure 3. Breakthrough Starshot Initiative 

 

5.2 Alpha Centauri Mission Concepts 

NASA has proposed its own interstellar mission concept targeting the Alpha Centauri system, 
tentatively planned for launch in 2069—coinciding with the 100th anniversary of the Apollo 11 
moon landing. This spacecraft would travel at roughly 10% of light speed, reaching Alpha 
Centauri by 2113. The mission concept suggests using solar sails propelled by high-energy lasers 
to achieve the necessary velocity. Proxima Centauri b, an Earth-sized exoplanet in the habitable 
zone of its host star, represents a primary scientific target within this system. Ideally, spacecraft 
would approach within one astronomical unit of this potentially habitable world to capture high-
resolution surface imagery. 

5.3 Laser-Boosted Solar Sail Designs 

Traditional solar sailing faces significant limitations for interstellar travel as sunlight intensity 
diminishes with distance. Hence, researchers have developed laser-boosted designs to overcome 
this constraint. The StarChip concept employs ultra-thin sails made from materials like 
aluminum oxide and molybdenum disulfide, approximately 1,000 times thinner than paper. 
These sails would experience hyper-acceleration under laser illumination—forces thousands of 
times Earth's gravity. Recent design innovations include parachute-shaped billowing sails that 
better withstand acceleration forces and nanoscale patterning to efficiently dissipate heat from 
the laser. Alternative approaches explore hybrid propulsion systems combining solar sails with 
electric propulsion to enable missions to difficult-to-reach targets. Orbital resonance techniques 
between laser beamers and sails could potentially reduce Earth escape time by over two orders of 
magnitude. 

6. Economic Revolution: How Solar Panel Sails Reduce Space Mission Costs 
The financial implications of solar sailing technology extend far beyond scientific benefits, 
offering remarkable potential to dramatically lower space mission costs. As spacecraft designers 
shift toward solar propulsion, new economic models for space exploration are emerging that 
could fundamentally change access to the cosmos. 

6.1 Launch Mass Reduction Benefits 

The most immediate economic advantage of solar sails comes from their ability to reduce 
spacecraft launch mass. In one proposed mission scenario, the solar sail option reduced total 
mission launch mass to just 872 kg, well below the capacity of a Soyuz/Fregat launcher. This 
same mission saw the payload mass fraction dramatically improve from 0.24 to 0.63 - meaning 
nearly two-thirds of the spacecraft mass could be dedicated to scientific instruments rather than 
propulsion systems. Especially noteworthy is how this weight reduction opens up possibilities 
for using smaller, more affordable launch vehicles. The Berkeley Low-cost Interplanetary Solar 
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Sail (BLISS) project demonstrates this potential by proposing interplanetary spacecraft starting at 
merely 10 grams. 

6.2 Elimination of Propellant Requirements 

Traditionally, spacecraft must carry every ounce of fuel needed for their entire mission. 
Conversely, solar sails employ the pressure of sunlight for propulsion, completely eliminating the 
need for conventional rocket propellant. As NASA engineers note, "Instead of launching massive 
fuel tanks for future missions, we can launch larger sails that use 'fuel' already available". Beyond 
that, this approach creates what researchers call "cost-effective operations" by minimizing 
moving parts. For small-scale missions, costs could potentially drop to a thousand dollars or less 
per sail, allowing researchers to deploy thousands of solar sails for the cost of a single 
conventional launch [15]-[19]. 
 

Table 3. Performance and Mission Potential of Solar Sail Technology 
 
Performance 
Metric 

Current Solar Sails Advanced / Future 
Solar Sails 

Impact on Space 
Exploration 

Acceleration Very low but 
continuous 

Higher with laser 
assistance 

Long-term speed 
accumulation 

Travel Distance Inner solar system Outer solar system & 
interstellar 

Expands mission reach 

Mission 
Duration 

Reduced vs chemical 
propulsion 

Drastically reduced Faster planetary 
exploration 

Payload 
Capacity 

Small to moderate Very small (StarShot-
scale) 

Focus on miniaturized 
spacecraft 

Operational 
Cost 

Low after deployment High initial 
infrastructure cost 

Long-term cost 
efficiency 

 

6.3 Extended Mission Lifetimes 

Perhaps the most compelling economic argument for solar sailing lies in their extended 
operational lifetimes. Solar sails can theoretically operate indefinitely, limited only by the 
durability of materials and electronic systems. Given that sunlight is both free and unlimited, 
these spacecraft avoid the finite operational constraints of conventional propellant-based 
systems. This unlimited propulsion enables missions with previously impossible economics, 
including constant surveillance of the solar poles or extended deep space exploration. The 
Extreme Solar Sailing concept further illustrates this potential by utilizing the Sun as a figurative 
launchpad to propel lightweight spacecraft to extremely high velocities without traditional fuel 
constraints. 

7. Solar Sail News: Recent Breakthroughs and Upcoming Missions 

NASA's Advanced Composite Solar Sail System (ACS3) made headlines in August 2024 when it 
successfully deployed its solar sail while orbiting Earth. This breakthrough demonstration sent 
back critical images and data, helping engineers evaluate the performance of its innovative 
composite boom technology. Throughout the orbital test, one of the four booms appears slightly 
bent, yet mission controllers predict this minor issue won't inhibit the spacecraft's ability to 
execute its planned sailing maneuvers. Currently, the ACS3 spacecraft maintains a slow tumble 
in orbit as mission operators work diligently to reengage its attitude control system, which will 
ultimately stabilize the craft. Immediately after this stabilization, the team will be able to calibrate 
the precise shape of the sail and prepare for its critical sailing maneuvers [20]. 
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7.1 Latest Test Results from Orbital Demonstrations 

ACS3 launched on April 23, 2024, aboard Rocket Lab's Electron rocket from New Zealand. The 
spacecraft, approximately the size of a small microwave oven, successfully unfurled its 30-foot-
per-side square sail in orbit. Firstly, this deployment validated the innovative tape-spool boom 
extraction system specifically designed to minimize jamming during deployment. NASA has 
invited space enthusiasts to participate in the #SpotTheSail campaign using the NASA mobile 
app to locate and photograph the deployed sail, which is visible from many locations worldwide. 

7.2 Announced Future Missions 

Following ACS3, several promising solar sail missions are under development. Prior to recent 
delays, NASA had planned the Near-Earth Asteroid Scout mission equipped with a solar sail 2.5 
times larger than The Planetary Society's LightSail 2. Additionally, a company named Gama 
intends to deploy two solar sailing missions designated Alpha and Beta, each utilizing 73-square-
meter sails (786 square feet). Simultaneously, researchers are advancing diffractive sail 
technology with NASA funding toward potential demonstration missions. 
 

8. Conclusion 
The pace of solar sail development primarily reflects increasing investment in this propulsion 
technology. Breakthrough Starshot, at the forefront of interstellar sail research, received $100 
million in initial funding. Certainly NASA's continued commitment remains evident through its 
Small Spacecraft Technology program and Space Technology Mission Directorate, both actively 
funding ACS3 and related composite boom research. Throughout this evolution, The Planetary 
Society's earlier $7 million LightSail program has established vital foundations for current 
advancement. 
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