| SRO Successfully Qualifies Critical Crew Module
Systems Strengthening India's Gaganyaan Human
Spaceflight Mission Readiness
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Recent Developments:

e Thelndian Space Resear ch Organisation (I SRO) successfully completed three major qualification tests for
the Gaganyaan Mission's Crew M odule, validating critical systems related to astronaut safety, module
separation, and structural integrity during atmospheric re-entry. These milestones significantly advance
India's preparations for its first indigenous human spaceflight mission.

e The successful qualification covered the Crew Module Up-righting System (CMUS), Crew
M odule-Service M odule Connect Disconnect System (CSCDS), and the Crew Modul€e's capability to
withstand Apex Cover separation loads, confirming the reliability of essential mission-critical technologies.

Gaganyaan Mission.

About the Mission:

e Gaganyaan isIndiasfirst indigenous Human Spaceflight Mission, designed to demonstrate the capability
of launching three astronautsinto L ow Earth Orbit (L EO), sustaining them safely in orbit for a specified
duration, and bringing them back safely through controlled atmospheric re-entry and sea recovery.

¢ With the successful execution of Gaganyaan, Indiawill become the fourth country, after the United States,
Russia, and China, to independently develop and demonstrate human spaceflight capability.

e The mission represents a major step towards India's long-term objective of establishing sustained human
presence in space and devel oping advanced space exploration capabilities.

Mission Objectives:

e Demonstrate indigenous human spaceflight capability.

¢ Validate crew safety technologies throughout launch, orbital operations, re-entry, and recovery.
e Develop critical technologies required for future space stations and deep-space missions.

¢ Strengthen India’s self-reliance in advanced space technologies.

Recent Qualification Tests:

Crew Module Up-righting System (CMUYS):

e The Crew Module Up-righting System (CMUS) ensures that the Crew Module automatically returnsto an
upright position after splashdown in the sea.

e The system operates using stored cold-gas technology, which activates inflatable bags to rotate the capsule
into a stable floating position.

e Thismechanismisacritical astronaut safety feature because rescue operations require the capsule to remain
upright after landing.
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Crew Module-Service Module Connect Disconnect System (CSCDS):

The Crew M odule—Service M odule Connect Disconnect System (CSCDS) enables safe separation
between the Crew M odule (CM) and the Service M odule (SM) during the final phase of the mission.

The mechanism consists of CSU-1, located on the Crew Module, and CSU-2, located on the Service Module.
During re-entry, CSU-1 disconnects first to separate the Crew Module from the Service Module, followed by
CSU-2, ensuring complete mechanical separation before atmospheric re-entry.

Successful separation is essential for ensuring that only the Crew Module enters Earth's atmosphere while the
Service Module burns up safely.

Apex Cover Separation Test:

e The qualification test verified the structural integrity of the Crew Module during Apex Cover separation.

e The Apex Cover protects parachutes and associated recovery systems throughout launch and orbital flight.

e Before parachute deployment, the Apex Cover is jettisoned to enable the safe opening of the parachute
system during descent.

e Successful separation ensures reliable deployment of recovery parachutes and safe splashdown.

Major Components of Gaganyaan:

Launch Vehicle Mark-3 (LVM3):

e Launch Vehicle Mark-3 (L VM 3) serves as the launch vehicle for the Gaganyaan Mission.

e ItislIndias heaviest operational launch vehicle and is capable of placing heavy payloadsinto L ow Earth
Orbit.

e Human-rating modifications have been incorporated to enhance mission reliability and crew safety.

Crew Escape System (CES):

e The Crew Escape System (CES) protects astronauts during launch emergencies.

e It consists of high-thrust solid rocket motors capable of rapidly carrying the Crew Module away from the
launch vehicle in case of any malfunction during launch or ascent.

e The system provides emergency escape capability both on the launch pad and during the initial ascent phase.

Orbital Module (OM):

e The Orbital Module (OM) comprises the Crew Module (CM) and the Service M odule (SM) connected
through a separation mechanism.
e |t supports astronauts throughout launch, orbital operations, and atmospheric re-entry preparations.

Crew Module (CM):

e The Crew Module (CM) isthe habitable compartment where astronauts remain throughout the mission.

¢ It maintains an Earth-like pressurised environment, life-support systems, communication equipment, and
astronaut safety systems.

e Itisspecifically designed to withstand intense thermal and mechanical loads during atmospheric re-entry.

Service Module (SM):

e The Service Module (SM) provides propulsion, electrical power, thermal regulation, avionics, attitude
control, and mission support throughout the orbital phase.

e It remains attached to the Crew Module until the de-orbit sequence and subsequently separates before
atmospheric re-entry.
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Crew Module Re-entry and Recovery Process.

Sequence of Re-entry:

e After completion of orbital operations, the Service Module activates its propulsion system to reduce orbital
velocity and initiate de-orbit.

¢ Following de-orbit, the Service Module separates from the Crew Module using redundant separation
mechanisms.

e The Service Module disintegrates during atmospheric entry due to intense aerodynamic heating.

e The Crew Module survives atmospheric re-entry using its thermal protection system and gradually reduces
speed through aerodynamic braking.

e Multiple parachutes deploy sequentially to slow the capsule before splashdown in the sea.

e Recovery teams subsequently retrieve the Crew Module and astronauts from the designated recovery zone.

Why Sphere-Cone Configuration is Preferred:

Engineering Advantages.

e A purely spherical spacecraft provides maximum internal volume with minimum structural mass but
generates almost no aerodynamic lift during re-entry.

e Lack of lift causes rapid vertical descent, exposing astronauts to extremely high G-for ces.

e The Sphere-Cone Configuration combines a spherical forebody with a conical afterbody to balance
aerodynamic stability, lift generation, and thermal protection.

e The blunt spherical surface produces a detached shock wave that keeps intense heat away from the
Spacecraft.

e The conical section provides directional stability and controlled descent, significantly improving astronaut
safety.

e The Gaganyaan Crew M odule adopts the Spher e-Cone Configuration, similar to several successful human
spaceflight capsules.

Dynamic I nstability During Re-entry:

Meaning:

e Dynamic Instability refersto rapidly increasing oscillations experienced by the spacecraft while descending
through Earth's atmosphere.

¢ The phenomenon becomes particularly significant near transonic speeds due to changing shock-wave patterns
and turbulent airflow.

Control Mechanism:

e Small reaction control thrusters continuously adjust the spacecraft's orientation to maintain the desired
attitude.
e Stable attitude control prevents excessive oscillations and ensures controlled parachute deployment.

Significance of the Qualification Tests:

Technological | mportance:

e The successful tests validate several critical human-rated technol ogies devel oped indigenously by 1 SRO.

e The qualification enhances confidence in astronaut safety throughout the mission profile.

e These technologies will support future reusable spacecraft, space stations, and deep-space exploration
missions.
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Strategic | mportance:

e Human spaceflight capability strengthens India's strategic technological leadership.

e Indigenous devel opment reduces dependence on foreign human spaceflight technol ogies.

¢ The programme promotes innovation across aerospace engineering, advanced manufacturing, robotics,
electronics, and life-support systems.

Challengesin Human Spaceflight:

Major Engineering Challenges:

e Maintaining life-support systems under microgravity conditions.

Ensuring crew safety during launch abort scenarios.

Managing extreme thermal loads during atmospheric re-entry.

Maintai ning communication throughout re-entry despite plasma blackout.

Achieving highly reliable parachute deployment and sea recovery.

Minimising vibration, acceleration, and dynamic instability experienced by astronauts.

Way Forward:

Strengthening India's Human Space Programme:

e Successful completion of all remaining qualification tests should be followed by uncrewed demonstration
missions before the first crewed launch.

e Continued investment in reusable launch technologies, advanced propulsion systems, and indigenous life-
support technologies should be prioritised.

e The experience gained through Gaganyaan should support the development of India's proposed Bhar atiya
Antariksh Station and future lunar exploration missions.

e Stronger collaboration between | SRO, academia, industry, and international partners will accelerate India's
long-term human space exploration capabilities.

e Sustained investments in human spaceflight infrastructure, astronaut training, and advanced space
technologies will strengthen India's position as a leading global space power.

UPSC Relevance:

GS Paper I11:

e Space Technology, Science and Technology, I ndigenisation of Technology, Resear ch and Development,
Strategic Technologies.

Prelims Pointers:

e Gaganyaan is Indiasfirst indigenous human spaceflight mission.

L VM3 isthe launch vehicle for Gaganyaan.

Crew Escape System (CES) provides emergency crew evacuation during launch.

Crew Module (CM) houses astronauts, while the Service M odule (SM) provides propulsion and mission
support.

e Sphere-Cone Configuration provides optimum aerodynamic stability during atmospheric re-entry.

e Dynamic Instability refers to uncontrolled oscillations during atmospheric re-entry.

Value Addition for UPSC:

Related Missions and Future Space Vision:
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e The Gaganyaan Programme forms the foundation for India's long-term human space exploration roadmap,
including the proposed Bhar atiya Antariksh Station by 2035 and an Indian Crewed Lunar Mission by
2040, as announced by the Government of India.

e Supporting initiatives such as the Indian National Space Promotion and Authorisation Centre (I N-
SPACe), NewSpace India Limited (NSIL), and the Indian Space Policy, 2023 aim to strengthen public-
private collaboration, commercia space activities, and indigenous technological capability.

e Human spaceflight technol ogies developed under Gaganyaan—including crew safety systems, human-
rated launch vehicles, environmental control and life-support systems, advanced avionics, and
precision recovery technologies—will generate significant technological spilloversfor defence, aviation,
robotics, healthcare, and advanced manufacturing sectors.

Conclusion:

e The successful qualification of critical Crew M odule systems marks a significant milestone in India's
journey towards achieving indigenous human spaceflight capability and demonstrates the growing maturity
of ISRO's human-rated technologies.

e By mastering complex technologies related to crew safety, atmospheric re-entry, recovery, and mission
reliability, the Gaganyaan Mission lays a strong foundation for India's future ambitions in sustained human
space exploration and advanced space infrastructure development

Kamaraj |AS Academy
Plot A P.127, AF block, 6 th street, 11th Main Rd, Shanthi Colony, Anna Nagar, Chennai, Tamil Nadu 600040
Phone: 044 4353 9988 / 98403 94477 /| Whatsapp : 09710729833



