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ISRO and Wipro 3D: Pioneering a New Era in Space Technology

In a landmark collaboration, the Indian Space Research Organisation (ISRO) and Wipro 3D have successfully developed
and tested a 3D-printed rocket engine for the Polar Satellite LaunchVehicle (PSLV). This initiative not only showcases the
potential of advanced manufacturingtechnologies in space exploration but also reinforces India's commitment to
innovation and self -reliance in its space program. The 3D-printed PS4 engine, which powers the fourth stage of the PSLV,
signifies a transformative step in rocket engine design and manufacturing promising enhanced efficiency, reduced
material wastage and improved structuralintegrity.
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[Source: Business Today]

The Evolution of the PS4 Engine

1. Conventional Manufacturing vs. Additive Manufacturing

Traditionally, the PS4 engine was manufactured using conventional machining and welding techniques, involving multiple
components and complex assembly processes. This method, while reliable, posed significant challenges in terms of
production time, material wastage and structuralintegrity. With the advent of additive manufacturing(AM), also known
as 3D printing, these challenges are being addressed innovatively.

2. Design for Additive Manufacturing (DfAM)
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The transition to 3D printing necessitated a complete redesign of the PS4 engine using Design for Additive
Manufacturing(DfAM) principles . DFAM involves tailoring designs specifically for the capabilities and constraints of 3D
printing technologies, allowing for more intricate and optimized structures. This approach enabled the consolidation of
14 engine components into a single, unified production unit, effectively eliminating 19 weld joints. The result was a more
streamlined, efficient, and robust engine design.

Technological Innovations and Benefits

1. Laser Powder Bed Fusion (LPBF) Technology

Centralto the 3D printing process of the PS4 engine was Laser Powder Bed Fusion (LPBF) technology. LPBF involves the
use of a high-powered laser to fuse fine metal powders layer by layer, building up the engine's structurewith exceptional
precision. This technology not only allows for intricate geometries but also enhances material properties, leading to
improved performance and durability of thefinal product.

2. Integral Complex Cooling Channels

One of the standoutfeatures of the 3D-printed PS4 engine is theinclusion of integral complex cooling channels. These
channels are critical for maintaining optimal thermal conditions within the engine, ensuring efficient fuel combustion and
preventing overheating. The ability to integrate such channels directly into the engine's structureduring the printing
process represents a significant advancement over traditional manufacturingmethods, where such features would
require additional components and assembly steps.

Collaborative Efforts and Strategic Importance
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[Source: Edunovationsg]

1. Wipro 3D's Role and Expertise

Wipro 3D, the additive manufacturingarm of Wipro InfrastructureEngineering, played a pivotal role in this project.
Leveraging its expertise in advanced manufacturingtechnologies, Wipro 3D undertook the additive manufacturing
process, from initial design optimization to final production. The collaboration with ISRO highlights Wipro 3D's
capabilities and positions it as a key player in the aerospace sector, promoting domestic innovation and contributingto
the 'Make in India' initiative.

2. ISRO's Vision for Sustainable Space Exploration

For ISRQ, the collaboration with Wipro 3D aligns with its broader vision of sustainable space exploration. By adopting
advanced manufacturingtechniques, ISRO aims to enhance the efficiency and sustainability of its missions. The
successful development and testing of the 3D-printed PS4 engine mark a significant milestone in this journey,
demonstrating the potential for additive manufacturingto revolutionize space technology.
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Rigorous Testing and Validation
1. Testing at ISRO Propulsion Complex

The 3D-printed PS4 engine underwentextensive testing at the ISRO Propulsion Complex in Mahendragiri. These tests
were designed to validate the engine's performance under real-world conditions, ensuring it met stringent safety and
efficiency standards. The rigorous testing regime included detailed flow and thermal modeling, structuralsimulations,
and multiple hot tests.

2. Performance Metrics and Results

The key performance metrics evaluated during the testing phase included chamber pressure, fuel management,
combustion efficiency, and specific impulse (Isp). The engine's ability to maintain optimal chamber pressure and
manage fuel efficiently were critical factors in its overall performance. Additionally, the tests confirmed high combustion
efficiency and specific impulse, indicating the engine's effectiveness in converting fuel into thrust

Implications for Future Space Missions

1. Enhanced Production Efficiency and Structural Integrity

The adoption of additive manufacturingfor the PS4 engine offers several significant advantagesfor future space
missions . The consolidation of components into a single unit enhances structuralintegrity, reducing the potential for
failure points and improving overall reliability. Moreover, the streamlined production process reduces material wastage
and production time, leading to cost savings and faster turnaroundtimes for engine manufacturing

2. Flexibility and Adaptability

One of the notable benefits of the PS4 stage is its adaptability for different kinds of spacecraft missions . The 3D-printed
engine’s design supports multiple restart capabilities and payload adapters, making it versatile for various mission
profiles. This flexibility is particularly important for ISRO's diverse range of satellite launches, from earth observation and
remote sensing to scientific research and disaster management.

Strategic and Economic Impact

1. Promoting the 'Make in India' Initiative
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The collaboration between ISRO and Wipro 3D is a significant boost to the 'Make in India' initiative, which aims to
transform India into a global manufacturinghub. By leveraging advanced technologies and fostering domestic
innovation, this project demonstrates India's capability to produce cutting-edge space technology in-house. This not only
strengthensIndia's space program but also positions the country as a leader in the global space industry.

2. Domestic Innovation and Manufacturing

The successful development of the 3D-printed PS4 engine underscores the importance of domestic innovation and
manufacturingcapabilities . It highlights the potential for Indian companies to collaborate with nationalinstitutions like
ISRO to achieve technological breakthroughs This partnership serves as a model for futurecollaborations, encouraging
more Indian firms to invest in research and development and contributeto the country's technological advancement.

The Road Ahead: Integration into the PSLV Program

1. Operational Deployment and Mission Readiness

Following the successful testing of the 3D-printed PS4 engine, ISRO plans to integrate this engine into the regular PSLV
program. This marks a significant step towardsoperational deployment, with the engine expected to play a critical role

in upcoming satellite launches. The successful integration will validate the effectiveness of additive manufacturingin
producing reliable and high-performance rocket engines, paving the way for broader adoption of this technology in future
missions .

2. Expanding the Use of Additive Manufacturing

The success of the PS4 engine project is likely to encourage ISRO to explore the use of additive manufacturingfor other
components and stages of its rockets. The advantagesof reduced production time, material efficiency, and enhanced
structuralintegrity make additive manufacturingan attractiveoption for various aerospace applications. As ISRO
continues to innovate we can expect to see more 3D-printed components being integrated into its space missions,
furtheradvancing India's capabilities in space exploration.

The partnership between ISRO and Wipro 3D in developing and testing the 3D-printed PS4 rocket engine represents a
groundbreaking achievement in space technology. By leveraging advanced manufacturingtechniques, the collaboration
has demonstrated significant improvements in production efficiency, structuralintegrity, and overall engine performance.
This project not only advances ISRO's mission of sustainable space exploration but also reinforces India's position as a
leader in the global space industry. As ISRO prepares to integratethe 3D-printed engine into its regular PSLV program, the
success of this initiative heralds a new era of innovation and technological excellence in India's space endeavors.
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