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Abstract

Deployment mechanisms are widely used in the aerospace industry for their low mass and high packing
efficiency. However, there remains a technology capability gap for deployment mechanisms that have
high stiffness and strength for extraterrestrial surface applications such as drill stems and vertical masts.
To fill this gap, we started developing a mechanism that emphasized high 20+:1 extension-stowage
ratios, scalability to 100+ meter lengths, and survival in extreme thermal and dusty environments. This
effort pioneered a new technology: DIABLO, Deployable Interlocking Actuated Bands for Linear
Operations, a novel helical band actuator that wraps a self-interlocking band around the deployment axis
to form a rigid tube that can be autonomously deployed and retracted with a motor. The deployed mast
can be manufactured from traditional metals (steel, aluminum, etc.), composites, and even flexible printed
circuits. We have demonstrated initial prototypes with a 45-mm diameter 3-meter height 304 SS
configuration to serve as a drill stem for lunar pneumatic drills. This was later scaled to a 200-mm
diameter 15-meter height vertical mast to deploy 10 kW of Solar Array at the lunar South Pole to generate
power. This technology is currently enabling mission architectures that prove to be challenging with
existing deployable technologies.

Introduction

Current aerospace deployment mechanisms such as Collapsible Tubular Mast, Coilable Boom, rollable
composite masts, etc. have been used to deploy payloads in space such as solar panels, antennas, etc.
Although these mechanisms are lightweight and have high deployment-to-stowage ratios, they struggle
with load-bearing capabilities at large deployment lengths. To overcome these challenges, DIABLO
deploys one self-interlocking high-strength element with a simple and robust rotary-linear drive
mechanism. As the required design stroke is increased, the stowed band length is simply proportionally
extended and can enable future deep drills or high lift applications. With its method of deployment and
scalable geometry, this technology proves to be a highly competitive option for applications from small
CubeSats to large 15-m+ deployable structures, as shown in Figure 1.
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Figure 1. (left) DIABLO mechanism shown in stowed and deployed configuration with a diameter of
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45 mm with a deployment length of 3 meters. (middle) DIABLO 200-mm diameter that can deploy up to
156 meters. (right) DIABLO 300-mm diameter that can carry 500-N payload on the tip.
Requirements

The goal of developing DIABLO technology was to enable a capability for deployment mechanisms in
extraterrestrial bodies (Moon, Mars, etc.) as well as low-gravity applications that can unlock new missions
that are currently challenging with existing technologies. At the beginning of the program, the technology
emphasized Key Performance Metrics, outlined in Table 1, to ensure that it can be tailored and integrated
to various systems without a ground-up redevelopment of the mechanism.

Table 1: Key Performance Metrics that were set for DIABLO at the beginning of its development.

Key Performance Metrics Requirement and Goals

Extension-to-Stowage Ratio Low volume requirements for launch; 20+:1 ratio.

Material Can be made from various materials such as metals, composites, plastic, etc.

Diameter/Lengths Diameter and lengths are tailored specifically to the mechanism requirements.
Smallest Diameter: 20 mm. Largest Diameter: no limit. Length: no limit

Moment Capability Can take moment applied at the tip without additional offloading structure.

Multi-cycle Full Deploy and retract multiple times.

Deployment/Retraction

Deterministic Deterministic deployment and retraction in any environment.

Low-cost Development Easy to manufacture with conventional manufacturing techniques.

Regolith Ingress Function with regolith exposure and ingress with minimal loss of performance;
>100 cycles.

Mechanism and Concept of Operations Description

DIABLO consists of four main components, shown in Figure 2;

1. Helical Drive Mechanism (HDM) — driven by a brushless DC motor to assemble and deploy the
boom using a helical track mechanism.

2. Outer Roller Housing — supports the boom during deployment and has a passive feeder to align
the DIABLO bands into the HDM.

3. DIABLO Bands - flat sheets of bands with pre-installed rivets and spacers that helically overlap
to create a deployed tubular structure. The rivet heads interlock with clearance holes in the band
while the spacers on the opposite side of the band ride on the Helical Cam of the HDM to deploy.

4. Storage Reel - houses the bands in a spiral-like fashion for stowage and can rotate passively
with the HDM or independently actuated with another motor for a deterministic band stowage.
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Figure 2. DIABLO component breakdown
Concept of Operations for Deployment and Retraction




To deploy, the BLDC motor rotates the HDM counterclockwise and the stowed DIABLO bands, stored in
the Storage Reel, are drawn into the HDM and helically overlapped to create the boom, see Figure 3. The
boom is driven upward as the HDM rotates and the process repeats for the full deployment length. For
retraction, the HDM rotates in the opposite direction, and bands stow in a spiral geometry inside the
Storage Reel. Sensors can be placed on the HDM to monitor for and prevent any potential misalignment.
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Figure 3. (left) Helical Drive Mechanism (HDM) deploys the bands that are stored in the Storage Reel into
a circular boom. Reversing the rotation of HDM and Storage Reel retracts the boom.

Design and Manufacturing Considerations of DIABLO

Design of DIABLO Bands

The DIABLO bands are manufactured out of large sheet metal stock via conventional manufacturing
techniques such as laser cutting, CNC milling, or chemical etching. The bands, when laid flat, form an arc
to allow for the band to self-interlap without growing in diameter as it's helically deployed into a boom.
The top of the band has clearance holes that interlock with the rivet head after deployment, and the
bottom of the band has clearance holes for installation of the rivets and spacers before mechanism
assembly.

Due to the limits of the manufacturing machine’s workspace, the band design also had to accommodate
the attachment of multiple band pieces together to form a large continuous band for the required
deployment length. There are currently two methods that have been designed and tested for assembling
the bands, shown in Figure 4. For thin sheet metal bands, less than 0.25 mm, the bands can be
overlapped without a compromise in mechanism alignment during deployment and retraction. To attach
the pieces, the bands have holes along the mid-plane that are riveted together permanently. For sheet
metal bands that are greater than 0.25-mm thick, a supplemental doubler piece is used to attach the band
pieces. The doubler is designed to provide continuous stiffness along the deployment axis without
compromising the structural integrity.
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Figure 4. Two methods of attaching DIABLO band sections.

Helical Drive Mechanism (HDM) and Outer Roller Housing

DIABLO uses a Helical Drive Mechanism (HDM) to assemble and deploy the band. It is a radially
outward-facing track comprised of 2 primary parts: a rotating screw-like Helical Cam and a fixed Slot
Head. Deployment of the tube is performed by rotating the Helical Cam which pushes the deployed tube
outward and drives the stowed band into the HDM shown in Figure 5. The band reacts with the track
through the radially inward-facing pins that are riveted through the holes in the band. A second set of
larger holes are laid over the radially outward-facing rivet heads as the band is deployed, interlocking and
forming the circular boom. The interlocking interface is maintained by the geometry of the tube,
preventing relative motion between the mating band sections. Retraction is performed by reversing the
deployment operation. The Outer Roller Housing pushes the bands together to align the holes to the rivet
heads. During retraction, it pulls the band section from the circular boom into a flat sheet for stowage.

The HDM is required to precisely align the bands, deploy the boom, and offload any external loads from
the tip of the boom. To minimize any issues with differences in coefficient of thermal expansion (CTE)
mismatch, the HDM and the bands are designed to be made of the same material.
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Figure 5. (left) Helical Drive Mechanism (HDM) 45 mm that drives and assembles the bands for
deployment and retraction (right) HDM developed for 200-mm diameter DIABLO.



Bands and Storage Reel

The Storage Reel houses the bands in a spiral-like fashion before deployment and has an independent
degree of freedom from the HDM, see Figure 6. Due to the difference in spiral geometry and the final
boom diameter, the Storage Reel needs to rotate slower than the HDM. This can be done either passively
or through another actuator. The DIABLO bands are stowed in a flat-spiral in the Storage Reel.

Figure 6. (top) Storage Reel with stowed bands (bottom) Storage Reel for larger 200 mm DIABLO

Other Notable Features of DIABLO

Since the inside diameters of both the boom and deployment system are open, DIABLO can
accommodate deployment of harnessing cables and other utility connections directly through the
mechanism. Harnessing can be stowed on a spool in the base for passive or active deployment. For
example, Figure 7 shows a configuration with a ribbon cable and pneumatic tube that are passively
deployed inside the boom to provide power, communication, and gas from the base-mounted electrical
equipment to the end-effector. The DIABLO boom has the advantage of dual-purpose as it also serves as
a conduit for the harness and shields it from external environments.

Figure 7: DIABLO allows for passive deployment of harness and pneumatic lines to the end effector to
supply power or gas to the payload mounted at the tip.



