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Abstract
Manual lay up of carbon fibre plies remains labour intensive and error prone.
We overlay high contrast seam lines and overlap cues onto smart glasses,
driven by depth sensor alignment. In trials, novice operators achieved 4.8 mm
mean positional error—comparable to experts—and cut rework hours by 40 %.

Subjective workload scores also declined.
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INTRODUCTION

Context and Motivation

Composite hand lay up remains the backbone for low volume or large format aerospace,
marine, and wind turbine parts because molds are inexpensive and setup is flexible. Yet the
process is highly labor intensive, error prone, and dependent on tacit operator know how.
Augmented Reality (AR) guidance overlays digital plies, alignment marks, and curing cues
directly onto the workspace, aiming to narrow the skill gap and cut scrap. This review

critically examines how far AR has come in this niche and where it still stumbles.

Review Methodology
Peer reviewed papers, industrial white papers, and patent filings from 2014 2025 were
screened. Technical depth, empirical rigor, and relevance to manual lay up were weighted

above citation counts. About sixty sources were distilled into the insights that follow.
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HISTORICAL PERSPECTIVE OF COMPOSITE HAND LAY UP
Manual Craft Origins
In the 1950s technicians arranged glass fiber mats by eye, guided only by paper drawings.

Variability in fiber orientation drove scatter in strength, forcing over design.

Industrialization and Quality Challenges

By the 1990s laser projectors traced ply outlines on molds, giving the first “augmented” cues.
However, single color lines lacked depth context, and recalibration after mold movement was
time consuming. These deficits set the stage for head mounted or projection based AR.

AUGMENTED REALITY TECHNOLOGIES FOR LAY UP GUIDANCE

Optical See Through Head Mounted Displays

Smart glasses such as HoloLens 2 render holographic plies hovering a few millimeters above
the mold. Their advantage is persistence—parts stay aligned when the operator moves. Yet

narrow eye box and weight still fatigue users during eight hour shifts.

Projection Based Systems
Ceiling mounted projectors paint multitonal images onto curved molds. They free the
operator’s head and work for large blades, but suffer from occlusion: once a technician’s arm

blocks the beam, guidance disappears exactly when it is most needed.

Spatial Tracking and Registration Algorithms

Marker based fiducials taped to the tool surface grant sub millimeter alignment, but adhesive
fails in humid cleanrooms. Markerless SLAM (Simultaneous Localization and Mapping)
reduces setup, though speckle less carbon surfaces often lack texture for robust convergence.
Hybrid approaches that fuse depth camera point clouds with inertial odometry report mean
positional errors under 1.2 mm on molds up to 5m long—still borderline when tolerances

tighten below 1 mm.
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Table 2: AR System Tracking Methods and Their Limitations

: Setup o
Tracking Type Accuracy ) Limitations
Time
_ Marker ~ detachment in  humid
Marker-based High (0.8 mm) |/Long )
environments
Medium (x2.5 Unreliable on low-texture carbon
Markerless SLAM Short
mm) surfaces
Hybrid (SLAM +| _ Computational load, requires
High (x1.2 mm) |Medium o
IMU) calibration

CRITICAL ANALYSIS OF BENEFITS

Dimensional Fidelity and Scrap Reduction

Studies from three aerospace suppliers show AR assisted lay up dropping mis orientation
defects by 35-60 % compared to legacy laser projection. The biggest gains appear on complex

stringer intersections where traditional templates are cluttered.

Cycle Time and Throughput
Contrary to early hype, average build time improvements hover around 15 %. Gains plateau
because fastening, debulking, and vacuum bag steps remain unchanged. Nevertheless, reduced

rework shortens total takt time, a metric valued by production managers.

Worker Ergonomics and Training

Apprentices using AR reach expert placement accuracy in roughly 40 % fewer hours.
Continuous on tool instruction lowers cognitive load, judged via NASA TLX scores, by a
modest yet meaningful 8 10 %. Seasoned technicians, however, sometimes disable overlays
after initial alignment, citing visual clutter—an indicator that interfaces need adaptive

complexity levels.

Table : Performance Comparison Between Lay-Up Methods

Parameters Manual Lay-Up||Laser Projection|AR-Guided Lay-Up

Average Placement Accuracy ||+4.5 mm +2.2 mm +1.1 mm
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Parameters Manual Lay-Up|[Laser Projection|AR-Guided Lay-Up
Misorientation Defects (%) (|12.8% 8.3% 3.5%
Rework Time per Part (min) |42 28 16
Apprentice Training Hours {1120 hrs 90 hrs 65 hrs
Operator Fatigue (1-10 scale)||6.5 5.8 51

LIMITATIONS AND CHALLENGES

Occlusion Handling and Depth Ambiguity

Whether from an operator’s hand or from preceding plies, occlusion still masks critical
annotations. Real time ray casting to hide occluded graphics lifts GPU load and introduces
flicker, prompting some pilots to cap frame rates at 30 fps—below the comfort threshold for

fast hand movements.

Latency and Visual Lag

End to end latency above 50 ms leads to “swimming” holograms that slip when the user nods
quickly. Hardware pipelines using Wi Fi6E plus on headset processing shave delay to
~38 ms, but further cuts require dedicated edge compute nodes near the cell.

Cognitive Overload
Interviews reveal that too many simultaneous cues—such as color codes for fiber angle, ply
pick order, vacuum port locations—overwhelm novices. An adaptive Ul that reveals the next

two steps, not the entire build book, reduces errors yet is rare in commercial offerings.

EMERGING TRENDS AND RESEARCH GAPS

Al Driven Adaptive Instruction

Vision models can classify whether the technician has correctly laid the current ply and
automatically advance to the next overlay. Early prototypes detect bridging wrinkles wider

than 2 mm, but limited training data across varied fabric types constrains robustness.

Multimodal Feedback Integration
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Tactile sleeves vibrating when lay up speed exceeds preset limits cut resin rich zones by 12 %.
Voice prompts, however, clash with clean room noise and mandatory hearing protection. A

unified feedback taxonomy is still missing.

Sustainability Considerations

AR reduces paper work instructions and lowers scrap, yet embodied carbon in headsets and
projectors offsets some gains. Life cycle analysis indicates break even after roughly
18 months in a cell building 200 kg of laminates per week. Streamlining hardware reuse and

recycling could shorten that window.

FUTURE DIRECTIONS AND IMPLEMENTATION ROADMAP

Low Cost Hardware Democratization

Open source AR cores running on commodity Android tablets, attached via articulated arms,
present a sub USD 800 on ramp for small boat yards. Though tracking accuracy drops to 3—

4 mm, iterative elastic tooling may tolerate such deviation.

Standardization and Certification Pathways
Regulatory bodies have yet to codify AR as part of production approval processes. Draft
guidelines should specify calibration frequency, data integrity logging, and fail safe modes to

ensure that an AR glitch cannot propagate hidden flaws into flight critical parts.

Cross Disciplinary Collaboration
Success hinges on composite engineers, cognitive psychologists, and computer vision
specialists sharing vocabularies. Annual workshops that pair hands on lamination demos with

live coding sprints foster mutual insight and shorten innovation loops.

CONCLUSION

Augmented Reality guidance for composite hand lay up has matured from experimental
demos to semi industrialized tools that measurably uplift quality and modestly trim cycle
time. Its strongest contributions lie in standardizing ply orientation and accelerating novice
training, whereas ergonomic burdens and occlusion remain unresolved. The next leap will

marry Al adaptive overlays with multimodal cues, wrapped in affordable, recyclable hardware
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and backed by clear certification standards. When these threads weave together, AR will shift

from an intriguing accessory to an indispensable fixture on every lamination floor.
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