
Case Study: Advanced Industrial 3D Printing Transforms Cutting-
Edge Robotics and Aerospace Research

How Caltech's Center for Autonomous Systems and Technologies (CAST)
Leverages Industrial 3D Printing for Next-Generation Innovation

When world-class research institutions need to push the boundaries of what's possible in robotics and
aerospace, they turn to advanced industrial 3D printing. This case study reveals how Caltech's Center for
Autonomous Systems and Technologies (CAST) – an institution with a legacy spanning the Moon landing
and JPL missions – is revolutionizing autonomous systems development through strategic deployment of
industrial-grade additive manufacturing.

The Advanced Manufacturing Challenge: Engineering for Extreme Performance

Caltech's CAST operates at the forefront of autonomous systems research, developing technologies for
deployment in the most demanding environments – from Earth's harshest conditions to the vacuum of
space. Their manufacturing requirements go far beyond conventional 3D printing:

Complex System Development:

Rapid iteration of sophisticated components for AI-powered drones and autonomous vehicles
requiring frequent design modifications and testing cycles

Multi-material integration for robots combining structural, mechanical, and electronic components
in single assemblies

Functional prototyping where printed parts must perform reliably in field testing and mission-
critical applications

Extreme Performance Requirements:

Space-grade material properties comparable to titanium for components destined for Mars rovers
and flight systems

Thermal resistance for parts operating in extreme temperature environments

Structural integrity for load-bearing components in autonomous robots deployed globally

In-House Manufacturing Agility:

Immediate prototyping capability to support rapid research cycles without external manufacturing
delays

Custom component fabrication for unique designs that cannot be sourced commercially

Iterative design optimization requiring multiple prototype generations within compressed timelines



The Advanced Industrial Solution: Multi-Platform 3D Printing Ecosystem

CAST's breakthrough approach centers on a comprehensive industrial 3D printing ecosystem designed
for advanced research and development:

Primary Production Platform: 22 IDEX Industrial 3D Printer

Independent dual extrusion technology enables complex multi-material prints and support
structures for intricate geometries

High-temperature printing capabilities essential for engineering-grade materials used in
aerospace applications

Precision manufacturing producing up to 70% of structural and mechanical components for
autonomous robots including the M4 Morphabot

Mission-critical component production including gears, brackets, and protective shells for space-
bound applications

Large-Format Capabilities: Hylo 3D Printer

Expanded build volume for producing large-format aerospace components in single prints

Controlled heated chamber ensuring consistent material properties across large parts

Aerospace-grade part production enabling rapid fabrication of flight system components with
exceptional accuracy

Advanced Material Integration:

Carbon fiber-filled nylon (CF Nylon) providing exceptional strength-to-weight ratios for flight
applications

Carbon fiber-reinforced PEEK delivering titanium-like properties for extreme environment
deployment

Engineering-grade filaments specifically selected for space, automotive, and aerospace
performance requirements

Revolutionary Results: Breakthrough Autonomous Systems

The strategic implementation of advanced industrial 3D printing has enabled unprecedented innovation
at CAST:

Groundbreaking Autonomous Robotics:

M4 Morphabot Development: Successfully prototyped and produced an AI-driven hybrid robot
capable of driving, crouching, and flying – with 70% of structural components manufactured in-house



STOR Robot Innovation: Developed autonomous last-mile delivery systems using rapid-prototyped
components that meet commercial deployment standards

Multi-Modal Functionality: Created robots that seamlessly transition between different locomotion
modes through precisely engineered 3D-printed mechanisms

Aerospace Innovation Acceleration:

Collapsible Space Structures: Designed and tested deployable mechanisms for space applications
using lightweight, high-strength printed components

Flight System Components: Produced mission-ready parts that meet aerospace certification
requirements through advanced material selection

Rapid Design Validation: Compressed development cycles from months to weeks through
immediate prototyping capabilities

Research and Development Transformation:

In-House Manufacturing Control: Eliminated external manufacturing bottlenecks, enabling
continuous iteration and optimization

Material Performance Validation: Proven ability to produce parts with properties matching
traditional aerospace materials

Global Deployment Readiness: Field-tested components demonstrate reliability in real-world
mission environments

Advanced Industrial 3D Printing: The Future of High-Performance Manufacturing

Caltech's success demonstrates that advanced industrial 3D printing is not just a prototyping tool – it's a
complete manufacturing solution for the most demanding applications. The key factors enabling this
transformation include:

Technology Integration:

Multi-platform approach combining different printer capabilities for optimal part production

Advanced material compatibility enabling space-grade and aerospace-certified components

Precision manufacturing meeting the exacting standards of research and aerospace applications

Operational Excellence:

In-house expertise reducing dependency on external suppliers and accelerating development cycles

Quality consistency ensuring reliable performance across multiple part generations

Scalable production from single prototypes to small-batch manufacturing for field deployment



Innovation Enablement:

Design freedom allowing geometries impossible with traditional manufacturing

Rapid iteration supporting agile development methodologies

Cost-effective customization enabling unique solutions for specialized applications

VisionMiner: Powering Advanced Manufacturing Innovation

Caltech's achievements represent the pinnacle of what's possible when cutting-edge research meets
advanced industrial 3D printing capabilities. VisionMiner provides the sophisticated hardware, high-
performance materials, and expert support that enable institutions and organizations to push the
boundaries of what's manufacturable.

Our industrial 3D printing solutions empower researchers, engineers, and manufacturers to:

Accelerate innovation cycles through immediate prototyping capabilities

Achieve aerospace-grade quality with advanced materials and precision manufacturing

Scale from research to production with industrial-grade reliability and performance

Ready to Transform Your Advanced Manufacturing Capabilities?

Whether you're developing next-generation robotics, aerospace systems, or other high-performance
applications, VisionMiner's advanced industrial 3D printing solutions can accelerate your innovation.

Explore Advanced Industrial 3D Printing Systems: VisionMiner Industrial 3D Printers

Discover High-Performance Engineering Materials: VisionMiner Advanced Filaments

Schedule Your Advanced Manufacturing Consultation: Contact VisionMiner

Learn About the 22 IDEX System: Discover how this advanced industrial printer can revolutionize
your manufacturing capabilities

https://www.visionminer.com/collections/industrial-3d-printers
https://www.visionminer.com/collections/filaments
https://www.visionminer.com/pages/contact-us

