WATER JET SWEDEN

Water Jet Cutting in the Aerospace Industry

— A Technical Overview

Precision machining in aerospace pushes manufacturing technology to its limits. Tolerances
often reach +0.025 mm, and components are made from advanced materials designed to
survive high temperatures, extreme stresses, and corrosive environments. In such a context,
water jet cutting offers distinct advantages — precision, repeatability, and material integrity
— without the downsides of thermal distortion or tool wear.
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The Manufacturing Challenge

Aerospace components must meet strict specifications. Out-of-tolerance parts are rejected,
reworked, or scrapped, resulting in delays, fines, and wasted material. Because many parts are flight-
critical, manufacturing errors can have catastrophic consequences. This drives demand for a cutting
method that guarantees dimensional accuracy while preserving material properties.

Specialty Materials and Machining Hurdles

Aerospace applications use materials chosen for strength-to-weight ratio, heat resistance, and
dimensional stability:

e Superalloys such as Inconel, Hastelloy, Waspaloy, MP35N

e Titanium grades 2 & 5, nickel-titanium (Nitinol)

e Aerospace aluminum (7075, 2024, 6061)

e Steel alloys (4140, 4340), stainless steels

e High-performance polymers and composites (PEEK, UHMW, Ultem®)

Each presents its own machining challenge: superalloys cause tool wear, titanium is heat-sensitive,
and composites risk delamination. Conventional CNC and thermal cutting methods (laser, plasma)
introduce heat-affected zones (HAZ), residual stresses, and microstructural changes that compromise
integrity.

Why Water Jet Cutting

Water jet cutting is a non-thermal process that uses high-pressure water (typically 4000-6000 bar).
Because no heat is introduced, metallurgical properties remain unchanged. There is no HAZ, recast
layer, or deformation, which makes water jets ideal for materials that are heat-treated, brittle, or
difficult to machine.

Process advantages:

e Maintains material integrity regardless of alloy or composite type

e No thermal stress, warping, or oxide formation

e Eliminates tool wear issues — cutting head doesn’t contact the material
e Consistent edge finish with minimal post-processing

Adapting to Complex and Variable Designs

Aerospace production involves parts ranging from millimeter-scale fasteners to meter-long structural
members. Traditional tooling for each design is costly, especially in low-volume or prototype runs.
Water jets provide universal flexibility: the same system can process metals, composites, and
polymers with minor setup adjustments.
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Modern systems offer 3-axis and 5-axis motion, enabling precise cutting of curved or beveled edges,
slots, and contours without additional machining steps. One water jet system can effectively replace
multiple specialized machines, minimizing tooling costs, training needs, and floor-space
requirements.

Repeatability and Short-Run Production

Aerospace manufacturing often consists of short production runs with recurring orders. Water jet
systems excel here because digital CNC control ensures repeatability: once cutting parameters are
validated, the same program can reproduce identical results later with no tool recalibration. Since
there is no mechanical tool wear, accuracy remains stable across runs.

Nesting software further optimizes material usage by automatically arranging part geometries within
raw stock to minimize waste. The result is consistent, repeatable output with shorter setup times and
lower material costs.

Production Speed and Efficiency

Unlike laser or plasma systems that require material-specific optics or gas setups, a water jet only
needs a proper orifice/nozzle and abrasive selection. Setup is fast, and cutting parameters can be
tuned directly from CAD/CAM data. This makes water jets ideal for high-mix, low-volume
environments typical in aerospace prototyping and custom builds.

With 5-axis capability, even complex geometries can be cut in one pass, avoiding the need for
secondary machining. Switching between materials — titanium, composite, or aluminum — requires
minimal downtime, increasing throughput and utilization.

Rapid Prototyping

Innovation cycles in aerospace design are fast. Engineers iterate through multiple design and material
variations to optimize performance. Water jet systems bridge CAD and reality quickly: upload a
model, set parameters, and produce a functional prototype within hours.

Because no custom jigs or heat-based setups are needed, development teams can test parts rapidly in
different materials. This shortens design validation cycles, allowing engineers to evaluate
performance under real conditions rather than relying solely on simulation.

Certification and Compliance

Aerospace suppliers must meet strict quality and traceability standards (AS9100, ISO 9001). Every
process step — from material selection to machining — must be documented and repeatable.
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Modern water jet systems facilitate this through digital process logging: each cut’s parameters
(pressure, speed, abrasive rate, file revision) are automatically recorded and stored. This ensures
traceability for audits and simplifies documentation for defense or commercial OEM contracts.

Because the process is inherently consistent, maintaining compliance with dimensional and process
standards is easier, helping manufacturers pass audits and maintain certification status.

Integration with Digital Manufacturing

Water jet systems integrate naturally into Industry 4.0 environments. CAD/CAM software such as
IGEMS enables direct import of 3D and 2D models from SolidWorks, Fusion 360, AutoCAD, and others
(.IGS, .STP, .DXF, .DWG).

With real-time monitoring, operators can track pressure, nozzle wear, and cut quality. Systems
connect with factory automation platforms for remote programming, predictive maintenance, and
data logging. This digital integration improves reliability and throughput while maintaining tight
control over process parameters.

Cost Efficiency

The main cost advantage of water jets lies in universality — one system handles nearly all materials,
from aluminum to carbon fiber composites. Competing processes require multiple tools (CNC, EDM,
laser, plasma) for different material categories.

Key cost benefits include:

e No tool replacement or sharpening

e Minimal scrap through precision and nesting

o No heat-induced distortion, reducing rework

e Reduced or eliminated finishing operations

e Lower energy consumption than thermal processes

e Potential for “lights-out” operation with automated loading/unloading
o No HAZ material test verification

The result is lower per-part cost, especially in environments with varied materials and frequent
design changes.

Environmental and Safety Benefits

Water jet cutting is relatively clean and energy-efficient. Because it’s a cold process, there are no toxic
fumes, volatile organic compounds, or airborne particulates typical of thermal cutting.

Additional sustainability advantages:
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e Water and abrasives can be filtered and reused; spent abrasive is recyclable or landfill-safe.

e Stock nesting maximizes material utilization, conserving high-value metals like titanium.

e Reduced energy consumption per cut compared to plasma or laser systems.

e (Cleaner first-cut finishes mean fewer manual finishing steps, improving ergonomics and
safety.

These factors make water jets suitable not only for precision but also for environmentally responsible
production — a growing requirement in aerospace supply chains.

5-Axis Cutting for Complex Geometry

Advanced aerospace components often require compound angles, bevels, and contoured surfaces. 5-
axis water jet systems can tilt up to 60°, allowing chamfers and complex contours to be cut directly
from raw material. Water Jet Sweden also offers a waterjet system with a £120° tilting capability,
enabling full 3D waterjet processing.

By machining the full geometry in a single operation, these systems eliminate multiple setups and
transfers between machines. This not only improves geometric accuracy but also reduces labor and
risk of damage during handling.

Practical Impact for Aerospace Manufacturing

In practical terms, adopting water jet cutting allows manufacturers to:

e Handle any aerospace material — metals, polymers, or composites — with one machine
e Achieve high precision without heat distortion
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e Prototype and iterate faster during R&D
e  Maintain repeatability for certified production
e Lower operating costs and environmental footprint

For aerospace suppliers under pressure to meet deadlines, certification standards, and performance
targets, water jet technology combines precision engineering with operational flexibility.

Conclusion

Water jet cutting has evolved into a cornerstone process for aerospace manufacturing. Its ability to
machine virtually any material without thermal effects, maintain sub-thousandth-inch tolerances, and
integrate seamlessly with digital workflows makes it indispensable for modern aerospace
applications.

As aircraft and spacecraft designs grow more complex — with new composites, additive-
manufactured alloys, and hybrid structures — the need for a non-thermal, digitally controlled, multi-
material cutting solution will only increase.

Water jet systems, particularly those with 5-axis capability, meet these demands with precision,
repeatability, and reliability. For aerospace engineers and manufacturers, they represent not just a
cutting technology but a strategic tool for advancing performance, sustainability, and competitiveness
in the next generation of flight systems.
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