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ABSTRACT

This whitepaper presents the development of a high-performance vertical
take-off and landing (VTOL) drone using Continuous Fiber Injection
Process (CFIP) technology. The integration of CFIP reinforcement in 3D-
printed components enhances the structural integrity while maintaining a
lightweight design.

This document details the drone’s design, manufacturing process, and

performance characteristics, emphasizing its advantages in
surveillance, mapping, and extended operational capabilities.

You can see the full process below.
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https://youtu.be/U43OV3RQ8AQ
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1. INTRODUCTION

In the ever-evolving aerospace and unmanned aerial vehicle (UAV)
industry, achieving an optimal balance between structural strength,
lightweight design, and cost-effective manufacturability is a
persistent challenge.

VTOL drones, which combine the versatility of helicopters with the
efficiency of fixed-wing aircraft, are increasingly being adopted for
surveillance, mapping, and logistics applications.

This whitepaper explores how CFIP technology addresses these
challenges by reinforcing drone components with continuous carbon
fibers. The proposed CFIP-enhanced VTOL drone offers an innovative
approach that enhances flight endurance, payload capacity, and
structural integrity, setting a new standard in UAV development.

2. THE CHALLENGE

Despite advancements in drone manufacturing, key challenges persist:

Weight vs. strength Limited manufacturing Mechanical performance
trade-off scalability constraints

Traditional UAV materials Complex assembly Conventional 3D-printed
compromise between processes and high drones lack the necessary
lightweight construction production costs hinder stifness and impact resistance
and structural durability. mass adoption. for demanding applications.

Recent studies have shown that drones with inadequate
reinforcement suffer from reduced flight stability and
increased maintenance costs. This indicates the need for
robust yet lightweight reinforcement technology to enhance
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3. PROPOSED SOLUTION:
CFIP-ENHANCED DRONE
VTOL

Structural rigidity

Carbon fiber reinforcement
enhances impact resistance
and aerodynamic stability.

Scalability

CFIP’s compatibility  with
industrial-grade 3d printing
technologies.

Cost effective

Combined with technologies and
3d printed materials low cost.

CFIP technology presents a
disruptive solution to the
existing UAV manufacturing
challenges.

By integrating continuous
fiber reinforcement within
3D-printed components, it
significantly improves:

Weight optimization

Lighter drone structure contributes
to extended flight endurance and
increased payload.

Large dimmensions

Despite  the relatively large
dimmensions of the drone, it is
built from different parts, which
were printed using an standard size
machine and then reinforced and
integrally joined by CFIP.
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4. IMPLEMENTATION

4.1. General specifications

e Type: Surveillance and mapping drone vtol.
Take-off/landing: Vertical take-off and landing (VTOL).
Flight Performance: Long-range, extended flight time.
Wingspan: 800 mm.
Construction: Fully 3D-printed and reinforced with CFIP technology.
Manufacturing platform: Small commercial 3D printers (max. build

volume: 250 x 250 x 250 mm).

4.2. Structural design & CFIP integration

CFIP reinforcement strategy: The drone structure is reinforced using five
CFIP reinforcements to enhance durability and weight efficiency:

e Wings: 2 CFIP reinforcements for improved aerodynamic stability.

¢ Tailand VTOL motors: 1 CFIP reinforcement.

¢ Landing legs: 2 CFIP reinforcements for impact resistance.

Optimized fuselage design:
* Hollow fuselage for lightweighting and optimized payload capacity.
* Integrated electronics and accessory mounting.
¢ Aileron configuration for enhanced maneuverability.
e Multi-motor setup: 4 VTOL motors + 1 pusher motor.
e Dual-camera system: FPV camera and fisheye camera for

surveillance.
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4.3. Additive manufacturing and CFIP
reinforcement

e Material: PETG with low cost.

e Component segmentation: Fuselage divided into four parts +
ailerons and access door.

e 3D Printing compatibility: Designed to fit even in standard size FFF
printers.

e Structural bonding: CFIP ensures complete mechanical integration
between parts, eliminating the need for screws or heavy joining

mechanisms.

4.4. Production efficiency

e CFIP injection time: 50 minutes per drone.
* Production capacity: 1 drone every 8 hours with 3 FFF printers and
1 CFIP delta machine.

¢ Final weight:

With PETG: 430 g.
Projected weight with MJF/SLS in PA12: 330 g.
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5. EXPECTED RESULTS

The implementation of CFIP in VTOL drone manufacturing yields significant
performance improvements:
Total Weight (including electronics and motors): 920 g (MJF/SLS in
PA12 version: 820 g).

Maximum payload: 600 g (for additional battery or equipment).

Low manufacturing cost: Cost-effective compared to traditional
composite manufacturing or industrial large 3D Printers

Fast turnaround: Optimized for rapid production and deployment.
Enhanced flight endurance: Lightweight yet robust design leads to
extended operational range and flying hours

6. CONCLUSION

The CFIP-enhanced VTOL drone represents a
technological breakthrough in UAV
manufacturing. By leveraging additive
manufacturing and continuous fiber reinforcement, *
this approach improves structural integrity,
reduces weight, and streamlines production.

The results demonstrate superior flight
performance, lower production costs, and
increased adaptability for real-world applications.

As UAV applications continue to expand, CFIP
technology stands as a pivotal enabler for next-
generation drones, offering an optimal balance
between performance, scalability, and efficiency.

For further inquiries and collaboration
opportunities, visit www.reinforce3d.com.
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