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The AMRC Composite Centre extends the 
AMRC’s expertise in metals production into the 
new generation of carbon fibre composite materials.
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Based in a dedicated extension to the AMRC Factory of 
the Future, we extend the AMRC’s expertise in metals 
production into the new generation of carbon fibre 
composite materials. These materials are increasingly 
used in aerospace, marine, automotive and other high- 
value industries for their combination of light weight 
and high strength. But they also present a host of 
manufacturing challenges.

Our research focuses on the production and machining 
of composite components, including hybrid parts which 
combine high-performance metals and composites in a 
single structure. Such structures can provide significant 
weight savings while maintaining the highest material and 
structural performance, offering improved fuel efficiency 
for aerospace and other transport applications.

Our main research area themes are:

• Automated production

• Machining

• Advanced curing

• Novel materials and processing

The AMRC Composite Centre is a member of the 
Composites at Sheffield partnership.

Contact composites@amrc.co.uk 
for further information.
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The AMRC Composite Centre can bring a wide range of capabilities 
and expertise to our industrial partners.

page 9

page 10

page 11

page 12

page 13

page 14

page 14

page 15

page 16

page 17

Technical Capabilities
Our technology streams develop the techniques and underpinning science that 
can deliver significant improvements in engineering performance, including:

Composite Equipment

Automated Production

Composites Machining

Advanced Curing

Novel Materials & Processing

Machining Capabilities
Our core machining centres, mostly housed in the AMRC Factory of the Future:

Automated Composite Manufacture

∞ Automated Dynamics AFP 

∞ MFTech FW

Advanced Curing
∞ Vötsch Microwave Chamber

∞ Langzauner Hot Press

∞ Isojet 2000 RTM Machine

∞ LBBC Autoclaves

∞ Caltherm Curing Oven

Composite Machining
∞ 5-axis Ares CMS CNC Machining Centre

∞ 5-axis Scharmann Ecospeed

Novel Materials & Processes

∞ Rapier Weaving Loom 



The Composite Centre facility includes a general workshop and 900 sq m of 
high-spec clean rooms. It houses a range of state-of-the-art design, development 
and processing equipment and as part of AMRC we also have access to the wide 
range of machining centres in the main Factory of the Future workshop, including a 
large five-axis waterjet machining centre, and the specialist services and resources 
of the other AMRC research groups.

Our key resources include:
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Composite Equipment

Technical Capabilities
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• ADC robotic fibre placement system with thermoplastic  
 tape/tow, thermoset tape and multi-tow thermoset  
 capability, 1.2m diameter x 2.75m.

• MF Tech robotic filament winding machine with wet/dry  
 and prepreg capability, 1.2m diameter x 4m.

• Isojet Combi RTM equipment.

• LBBC autoclave, 3m x 5m, 10 bar, 210°C.

• LBBC autoclave, 1m x 2m, 20 bar, 400°C.

• Caltherm curing oven, 3m x 3m x 3m, 230°C.

• Vötsch microwave curing facility, 1.8m x 2.8m, 450°C.

• Langzauner laboratory press, 300 tonne, 400°C, 
 1m x 1.5m platen, suitable for thermoset/thermoplastic  
 processing, thermoforming, RTM etc.

• CMS 5 axis machining centre.

• Eastman NC ply cutter, 2m x 4m.

• WardJet GCM waterjet/milling centre, 
 1.5m vertical x 4m cross-beam x 8m horizontal travel.

• Mega 5 tooling capacity.

• ISO class 8 clean room, 900 sq m with integral freezer.

• Patran and Nastran FEA software.

• Modelling, design and simulation software, 
 including WiseTex, Catia V5 and PolyWorks.

• SimaPro life cycle assessment software.
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Technical Capabilities

Automation of composite manufacture is key to establishing future 
high-performance, cost-effective manufacturing solutions.

Automated Production

Working alongside other CATAPULTs the AMRC utilises automated fibre placement and advanced robotic 
filament winding to demonstrate to SMEs, and its member companies, the cost and performance benefits 
of the technologies.

Recent work includes the manufacture of advanced composite blades for GE Dowty Propellers, in which novel 
manufacturing techniques were developed for next generation propeller blades, working alongside the NCC.

Research areas

• Developing in-process monitoring systems that 
 improve system accuracy and reliability.

• Working with material suppliers to develop and 
 evaluate new, process-specific materials.

• Developing software to provide a seamless 
 transition from design to manufacture.

Industrial application and benefit

• Higher performance components resulting in lighter,  
 more economical, designs.

• Improved material utilisation, up to 30% compared 
 to conventional techniques.

• Significantly Increased productivity compared to 
 traditional hand lay-up.

Also of note

The development of automated composite manufacturing 
technologies at the AMRC has allowed supply chains and 
SMEs to become involved in large-scale collaborative 
projects:

• Tinsley Bridge Group    •   Majestic Systems

• Automated Dynamics    •   TenCate

This work supports these companies by providing a 
world-class facility to enable the demonstration of  
their products and expertise.

Back to:       Capabilities Index



6

Technical Capabilities

The composites machining group provides innovative, state-of-the-art 
and collaborative solutions to the composite machining community.

Composites Machining

We want to make this form of subtractive composite processing affordable, fast and safe so that it is more 
attractive to machine a high value-add component to net shape than to use any other technology. 

Recent works include assessment of CFRP workpiece quality inspection techniques and machinability 
techniques which have transferred from metallic traditions. These include surface roughness analysis, 
force measurement and tool micro-geometry inspection techniques. In addition, another project is looking 
at the effect of coolants on the CFRP machining process, focusing on the tool life impact.

Projects

Assessment of inspection techniques: Investigates 3D aereal 
texture measurement over typical stylus-based roughness 
measurement techniques to represent a complex, 
heterogeneous fibre reinforced polymer surfaces. In addition, 
this project also undertook to determine the efficacy of 
enhanced micro geometry in full slot edge trimming 
operations by investigating the forces in the process.

Wet vs Dry CFRP Machining: A number of different coolant types 
were used with all other factors in the experiment kept constant. 
The life of a number of drills was examined with respect to hole 
quality performance and tool wear criteria.

Industrial application and benefit

As industries such as aerospace, automotive and renewable 
energy (principally wind) look towards reducing the structural 
weight of their components, composite materials are growing 
in demand. Current large scale commercial aircrafts consist of 
more than 50% composites materials with a typical wing 
requiring in the region of 5,000 holes and more than 50,000 
holes in the entire aircraft.

Also of note

Working with partners on generic projects or with companies on 
specific work the categories of development fall under:

• Cutting tool design 
 benchmarking.

• Damage in composite 
 machining.

• Intelligent workholding.

This work supports these companies by providing a 
world-class facility to enable the demonstration of  
their products and expertise.

• Hole generation.

• Edge trimming.

• Stack material 
 investigations.

Back to:       Capabilities Index
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Technical Capabilities

The curing process is key to converting a loose mass of fibres and 
resin into an advanced engineering composite material.

Advanced Curing

The curing process applies the energy to cross-link or melt the polymer matrix and the pressure to consolidate the resulting 
composite. Autoclaves are traditionally used to apply this heat and pressure, but they present certain inherent drawbacks 
that may be overcome with out of autoclave, advanced curing technologies.

These drawbacks result in the curing process often representing the limiting factor in composite manufacturing and limiting 
the wider adoption of composite materials.

Advanced curing technologies

The AMRC is pursuing a number of alternatives to the use of 
autoclaves, including:

• Microwave heating.

• Hot pressing.

• Directly heated tooling.

• In-situ consolidation during AFP.

Industrial application

The different technologies available will be of interest to different 
sectors of industry.

• Microwave curing is of key interest to the aerospace industry,  
 with the process demonstrated to offer great savings in cure  
 time and energy without compromise in quality.

• Hot pressing is of great interest to the automotive industry,  
 since relatively simple parts can be formed extremely rapidly.

• Directly heated tooling has great appeal across industry  
 sectors for parts not requiring applied pressure for lower  
 performance components.

Collaboration

The AMRC is working closely with partners across industry 
and research, including SMEs, large multinationals, universities 
and other research institutes, such as:

• Boeing directed work.

• Microwave curing of panels for NCC to benchmark 
 against traditionally cured panels.

• Work with SHD Composites to develop 
 microwave-friendly resins.

• Work for NetComposites hot pressing bio fibre 
 thermoplastic panels.

• EPSRC application with University of Sheffield for 
 direct electric cure investigation.

• Supervision of MSc student with TEKS UK in 
 induction heating.

Back to:       Capabilities Index
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Technical Capabilities

The novel materials and processing research theme is the most 
recently established theme within the AMRC Composite Centre.

Novel Materials & Processing

It incorporates the following sub-themes:

• Dry-fibre processing.

• Biocomposites.

• Process simulation.

• Life-cycle analysis.

With an ever-increasing emphasis on economical and 
sustainable manufacturing, biocomposites are a necessity in 
today’s engineering considerations. Furthermore, developing 
process simulation and life-cycle analysis capabilities can only 
benefit the composites field by minimising the use of materials 
resources prior to component manufacture. The composites 
industry is in its infancy by comparison to the more traditional 
materials industries and a clear understanding of the dry fibrous 
materials is necessary to enable a rapid maturity.

Novel research

Being a relatively new field, many manufacturing decisions within 
the composites industry are made based on experience and 
opinion rather than science and fact. The AMRC Composites 
Centre not only conducts projects whose prime objective is to 
gain materials characterisation information, we also actively tailor 
every project to gather data and build the databases that will 
encourage and aid future manufacturing decisions.

The ultimate goal is to ensure that the optimal manufacturing 
solution is used every time, ensuring the best mechanical 
properties with minimal sacrifice of weight. Our databases will 
aid/feed process simulation and/or life-cycle analysis software, 
and this will help our partners make sound manufacturing 
decisions.

Our work on BioComposites has already made an impact on the 
production of bio-derived composites working in collaboration 
with SHD to develop materials and PES Engineering Ltd and 
TEKS UK for feasibility studies.

Also of note

As part of this research theme, we have a new composites 
weaving loom (delivery mid-June 2014), and we are listening 
to our partners closely to ensure we tailor its use to match their 
interests. The intention is that the AMRC will bridge the gap 
between the relatively new composites industry and the age old 
weaving industry, and we are actively developing relationships 
with local weaving SMEs to ensure we manipulate composite 
weaving to its full potential in the engineering world. Our partners 
declared an ultimate vision of “Component unitisation – using 
single piece structures”, and only by understanding preform 
generation will we be able to achieve this.

Back to:       Capabilities Index
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Automated Dynamics AFP

Machine Specification

• 7 axis system (6 axis robot, plus spindle)

• 4 heads for different applications:

• 4 x 1/4” tow, slit tape thermoset prepreg 
 (material on head, bi-directional)

• 1 x 3” tape, slit tape thermoset prepreg 
 (material on head, bi-directional)

• 1 x 1/4” or 1/2”, slit tape thermoplastic prepreg 
 (in situ melt & compact)

• 12 x 1/8” tow, slit tape thermoset prepreg 
 (material on standalone creel)

• Part envelope up to 1.2m diameter, 2.75m long & 2000kg

• Compaction force up to 90kg (for tack & debulk)

• Independent feed, add and cut of each prepreg tow

• Add / cut accuracy ±0.5mm. 
 Trajectory repeatability ±0.3mm

• ADC (native) & MAJESTIC (3rd party) programming

Advanced Fibre Placement Research

AFP developed from a combination of technology used for 
tape placement and filament winding, essentially moving tape 
placement onto a rotary axis to extend the range of parts which 
could be manufactured. Robotic AFP systems were developed 
in the last 10 to 15 years as a higher flexibility, lower cost solution 
compared to traditional machine tool setups and are now 
becoming more common place in the UK supply chain.

Much of the research at AMRC has focused on building a deep 
understanding of the process, from the programming through 
to the final product, with a combination of experimentation & 
demonstration on industrial scale components.

The key areas are:

• Part geometry & design for manufacture

• Key data for programming & materials database

• Defect characterisation (gaps, overlaps, wrinkles etc.)

• Effect of process parameters on quality & properties

• Heating systems for tack control

• Structural analysis of ‘as deposited’ structure

• Models for selection of placement strategy

• Innovative tooling

Back to:       Capabilities Index

Automated Composite Manufacture
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MFTech FW

Machine specification (MFTech FW)

• 8 axis system (6 axis robot, plus spindle & rotating eye).

• 2 winding setups: Process 1 – Mandrel held on floor mounted  
 spindle, Process 2 – Mandrel held & rotated by robot. 

• Process 1 – Parts up to 1.2m diameter, 4m long & 2000kg.

• Process 2 – Parts up 1m diameter, 1.2m long, limited to 90kg.

• Max spindle rotation speed 100rpm.

• Capable of winding non-axisymmetric & multi-axis parts. 

• 4 tows, up to 24K or ½” wide each. 

• Wet winding (up to 100oC rein heating), 
 dry or prepreg/towpreg winding. 

• Tension up to 50N (±2N) per tow.

• COMPOSICAD programming – pipe, vessel, 
 axisymmetric, spar, curve & tee.

Filament winding research

Filament winding has existed as a composite manufacturing 
process for many decades, but the use of robotics is a more 
recent development, initially researched in the 1990’s and 
commercialised by MFTech, France in the 2000’s. 

The use of robotics can offer more flexibility, even though the 
standard setup often mirrors that of a traditional CNC winder. 
The AMRC facility, supplied by MFTech, can operate in a 
traditional winding setup as well as by mounting parts on the 
robot and integrating pre and post winding operations into the 
robotic cell. Commissioned early 2013, it has been used for a 
wide range of composite research projects for manufacturing 
products such as:

• Pressure vessels.

• Electric rotor magnet retention.

• Torsion actuation shafts.

• Torsion beam suspension links.

• Propeller blades.

• Rapid preforming for RTM.

• Fuel pipes.

• Designer furniture.

Back to:       Capabilities Index

Automated Composite Manufacture
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Advanced Curing

Vötsch Microwave Chamber

Back to:       Capabilities Index

Machine Type: Votsch Microwave Industrial Oven 

Volume: 1800mm diameter x 2200mm long

Temperature: 450°C

Power: 39kW utilising 24 magnetrons

Atmosphere: Air 
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Langzauner Hot Press
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Machine Type: Langzauner Heated Press

Envelope: Bed 1500mm x 1000mm
Stroke 700mm

Load: 320 tonne giving 20 bar over full platen face

Temperature: 390°C

Ramp Rates: Heating 5°C / min
Cooling 5°C / min

Heating Power: 72kW

Rapid Travel Speed: 100mm / s 

Pressing Speed: 0-14mm / s 

Advanced Curing
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Isojet 2000 RTM Machine
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Machine Type: Isojet RTM system

Capacity: 10 litres 

Pressure: 7 bar

Temperature: 120°C

Additional Features: Vacuum system, two part resin systems
Flow or pressure control

Advanced Curing
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Autoclaves & Curing Oven

Back to:       Capabilities Index

Machine Types: LBBC Autoclaves

Volume: a) 3000mm diameter x 5000mm long
b) 1000mm diameter x 2000mm long

Temperature: a) 210°C
b) 400°C

Pressure: a) 10 bar
b) 20 bar

Power: a) 60kW
b) 180kW

Atmosphere: Nitrogen

Machine Type: Caltherm Curing Oven

Volume: 3000mm x 3000mm x 3000mm

Temperature: 210°C

Power: 95kW

Atmosphere: Air

Advanced Curing
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Composite Machining

5-axis Ares CMS 
CNC Machining Centre

Back to:       Capabilities Index

Machine Type: CMS 5-Axis Machining Centre

Envelope: X-Axis 4800mm 
Y-Axis 1800mm
Z-Axis 1200mm

Power: 12kW

RPM: 24,000

Coolant: MQL or dry cutting with extraction system



The Ecospeed is designed for high-speed five-axis 
machining of monolithic aluminium and composite 
aerostructures.

It features the Z3 parallel kinematic head, which can 
follow any path within a conical working envelope of 
±40º, mounted on a column with 3.8 metre X and 
2.5 metre Y-axis travel. Our machine is also specified 
for wet cutting of carbon fibre composites.

Scharmann Ecospeed

Type 5-axis high speed machining 
centre (with PKM head)

X-axis travel 3800mm

Y-axis travel 2500mm

Z-axis travel Spindle horizontal: 670mm
Spindle ±40°: 370mm 
In A-/B-axis, conical work 
envelope ±40°

Max spindle speed 30,000rpm 

Max spindle torque 83Nm

Max spindle power 120kW

Spindle interface HSK 63A-63/80

Max acceleration, linear axis 1g

Max acceleration, A/B-axis 685°/sec2

Max jerk move 50 m/s3

Coolant delivery type Dual: HPC and MQL

Max workpiece size 3,800mm x 2,500mm x 
370-670mm

Max table load 3,000kg

Additional functionality Z3 PKM head for rapid 5-axis 
moves. Specified for wet cutting 
of carbon fibre reinforced 
polymer.
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Composite Machining
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LOOM	  

Novel Materials & Processes

Rapier Weaving Loom

Type Rapier weaving loom 

Fibre to weave Reinforcing fibres: Carbon, Glass, Kevlar, Basalt, Alumina   

Fibre count/tow To weave tows ranging from 1K to 12K (essential) and 24K is (desirable)

Fabric’s structure Single-layer, Multi-layer or Cellular

Fabric’s width 1000 mm (nominal)

Operating sytem Automatic or Semi-auto

Weaving software Software to be included for complex weave structure

Shedding system Dobby

Number of healds 28 as capacity with appropriate number of under motions (essential)
18 as supply (essential) 
36 as capacity (desirable/advantageous)

Weaving speed Up to 300 picks/min

Pick density Up to 40 picks/cm

Fabric take-up and 
winding system

The woven fabric to be collected on roller of adjustable gear box 
(backward & forward motions) 

Selvedge Leno selvedge

Waste The extra fabric (waste) to be winded up/collected for recycling uses

Data transfer USB (essential)
Internet (desirable)

Weft feeding Capability of inserting single / multiple-weft, 2-colour (essential)
6-colour (desirable) -potential to use copper wires as weft is desirable

Warp unwinding The machine to weave from a creel (essential)

Back to:       Capabilities Index
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