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Abstract Wind turbine blade production involves intricate processes that require skilled 
labour, reliability and time. The automation of blade production processes in context with 
wind turbines aids to decreased cycle times and enhanced accuracy in the finished 
components. Automating the lay-up or material deposition process solely does not offer 
significant cost reductions, with rest of the processes remaining labour intensive. It is thus 
advantageous to establish a complete automated process chain for wind turbine blade 
production. This article enlists numerous automation methodologies which can be found 
suitable for a sequence of processes. The primary objective of this study lies in recognizing 
the advancements and the potential for automation in various operations associated with 
blade production. Besides helping to analyze the overall impact, this review shall assist 
researchers in realizing the challenging aspects of such self-driven processes as well. 
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1 Introduction 

Harnessing energy from renewable resources has gained an increased attention over the 
recent decades. In specific terms, wind energy being one among the cleanest and environment 
friendly resources, the wind power sector has witnessed a rapid growth lately. With the 
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requirement to tap more energy, the blades of wind turbines are being made larger and more 
efficient. On a standard basis, a utility scale wind turbine blade is found to have a length of 
50 meters approximately, while there are blades measuring even beyond 70 meters in 
length [1]. With technological advancements, the efficiencies of harnessing energy from wind 
can be increased from 8% to even 50% [2]. 

The prime focus of blade manufacturers have been in cutting costs and cycle times for 
production of blade components, with no compromise to their performance and quality [3]. 
The urge to meet the foregoing needs is accomplished by automating a wide range of 
processes which are indulged in blade production. For instance, the fabric lay-up process for 
the Vacuum Assisted Resin Transfer Moulding (VARTM) is highly tedious and can be 
conveniently replaced by automating this manual process [1]. Similarly, continuous direct 
textile layup showcases an improved potential for cost reductions in comparison with 
currently used manual production processes [4]. It is worthwhile to note that automation 
techniques curb the proneness of workers to various health hazards during grinding or even 
finishing processes such as surface coating and painting [5]. Moreover, such techniques 
ensure improved quality control and reduce dimensional uncertainty, thereby leading to lower 
scrap rates during blade component production [6]. 

The generalized process chain for wind turbine blade production commences with the 
supply of raw materials, followed by handling processes that transfer the fed material in its 
unusable state. Material handling techniques further involve cutting, pick-up, positioning and 
lay-up, draping and fixation of material. Successively, primary manufacturing process such as 
vacuum infusion, prepreg or filament winding technology follows. This is accompanied by 
bonding and finishing techniques, which involve applying adhesives to blade halves and 
surface coating to mitigate the impact of natural factors respectively. The present paper is 
aimed to review the plausible methodologies of automation in blade production processes 
listed above. In addition, the article gives adequate focus to recognize the economic viability 
and draws attention to the challenges faced by the automation techniques. 

 
2 Automation Processes in Blade Production 

There are a wide number of techniques for automation, suitable for adoption in wind turbine 
blade production. In order to extract more energy from wind, blade profile plays a key role. 
Hence, its accuracy must be well assured [7], [8]. The methods for automation may broadly 
be categorized into processes accompanying supply along with handling of raw materials, 
primary manufacturing, assembly and finishing of blade components. These are reviewed in 
detail in the subsequent sections. 

 
2.1 Supply and Handling of Materials 

With advancements in materials, the technologies for supplying and handling raw materials 
to produce wind turbine blade components have drastically evolved. Polyurethane based 
materials are being incorporated for the sheets and preforms in order to produce blades with 
optimal strength to weight ratio [9]. A variety of flexible automated methods have been 
developed to adapt to such materials and their properties. The initial processes of feeding and 
cutting of fabric are in general, carried out using conveyors, automatic cutting tables carrying 
straight and round knife cutters [10]. A non-crimp fabric (NCF) roll with a standard width of 
around 1.27 meters is preferable for the automated process [11]. 

Fantoni et al. [12] put forward solutions for self-driven handling of materials by 
portraying different gripping devices. Based on the study, Bernoulli gripper is found to be 
relatively convenient as it operates based on airflow between the gripper and part, and is a 



contactless handling technique. Reinhart et al. [13] also conducted a study on flexible 
gripping methods and developed a technology which uses low vacuum suction principle with 
actuators for closing apertures on the perforated plate. Being suitable for limp materials, this 
technology is seen to remain advantageous over existing principles and can be widely used in 
the wind turbine blade production industry. Additionally, the Adaptive Robot End-effector 
(AEE) is a specialized technique which functions on hydro adhesive principle for the pick 
and place process using parallelogram kinematics and cryo grippers [14]. 

The prevailing methods of automating the lay-up process for blades include 
Automated Fibre Placement (AFP), Automated Tape Lay-up (ATL) and filament winding 
technologies. The intent of the lay-up process is to allow the fabric to take the shape of the 
blade mould through deforming and deposition, once picked and placed. The deposition rates 
for filament winding and ATL are reported to go up to 13 kg/hr and 90 kg/hr for complex 
parts respectively [1]. Specifically, ATL process is found convenient with a range of tool 
operations and may require just a quarter of the man hours needed. This has been verified for 
aerospace blade applications and may thus hold suitable for wind turbine blades [15]. It has 
been determined that a combination of ATL and AFP offers the added advantage of aiding in 
fibre orientations for the blade spar [6]. Sherwood et al. [16] and Siqi Zhu [1] described an 
automated lay-up concept of shifting which involves pre-forming the fabric based on mould 
shape and then depositing the fabric on to it. The study emphasized on the ability to 
manipulate NCF without causing any out of plane deformations. 

It has been stated that automation of composite lay-up process requires sensing 
mechanism for gathering initial information, intelligent decision making capacity and 
efficient material handling system which can effectively perform operations [17]. 
Franke et al. [4] highlighted a continuous direct textile lay-up technique, named Automated 
Dry Material Placement (ADMP). It is determined to deposit textiles of 100 mm to 2000 mm 
width and 0.25 mm to 2.5 mm thick. Having proven to be effective in automating the 
production of aerospace parts, the technique finds analogous application in producing parts of 
wind turbine blades. Another suitable technique involved using Large Area Robot (LAR) to 
automate the lay-up for spar cap of wind turbine blade by using integrated positioning 
sensors. Line lasers may be equipped to monitor the position of the laid-up fabric [18]. 

The draping operation must ensure accurate fixing of NCF deposited on the blade 
mould. Automated draping avoids the risks associated with manual draping techniques in 
terms of time constraints and health hazards due to the fabrics being pre-impregnated with 
toxic epoxy resins. Potter [19] considered automating the draping process through vacuum 
forming technology, which later proved to be impractical for large parts due to economic 
reasons. In an effort to automate the process, the Institute of Integrated Product Development 
(IPD) developed a module comprising a draping head and vacuum grippers for gentle 
handling of NCF. The module is capable of reshaping and draping the fabric 
appropriately [20]. 

As draping is to be performed right after fabric deposition on to the mould, 
incorporating draping elements in the effector is recommended. Forster et al. [21] introduced 
a pixel- based draping and gripping unit which contain sensors for monitoring and controlling 
draping. The Danobat group incorporated a draping head to offer the required pressure surge 
against mould surface during the draping operation. To further enhance the adaptability of 
draping head to the complex mould contour, Direct Textile Placement (DTP) effector, a 
subproject of BladeMaker, was developed with a design that can vary the applied pressure to 
a certain limit [4]. 

Automation in fixation involves robotized spraying of hot melt adhesives and use of 
effectors for gel like adhesives. Fixation of NCF is much needed to prevent the material from 
slipping after it has been deposited using adhesives. The Institute for Integrated Product 



Development (BIK) implemented a reproducible spray of adhesive using a gun coupled with 
the gantry robot system [4]. 

 
2.2 Manufacturing 

Post et al. [22] conducted a study on the implementation of additive manufacturing in the 
wind energy sector and considered the Big Area Additive Manufacturing (BAAM) system 
(Fig. 1), developed by Cincinnati Incorporated. The system contains an extruder which is 
traversed by a gantry system and enables the extruder to move in all three axes, delivering 45 
kg/hr of thermoplastic materials. This gantry system can achieve 5 m/s peak velocities and 
1.64 m/s2 accelerations with position accuracy of 0.05 mm. Moreover, Ingersoll Machine 
Tool Company is developing the Wide High Additive Manufacturing (WHAM) system 
(Fig. 2) with the ability to machine, print and coat. It is expected to start with a production 
rate at around 450 kg/hr and can be scaled higher. Implementing Internet of Things (IoT) in 
additive manufacturing will be a major contribution towards reduction of scrap during blade 
production, thus increasing the overall efficiency of the process chain. 

 

Fig. 1 Big Area Additive Manufacturing (BAAM) [22] 
 

Fig. 2 Wide High Additive Manufacturing (WHAM) [22] 



Dayton A. G. [23] presented a study dealing with the combination of automated preforming 
technologies and infusion processes which would avoid human intervention reduce cycle 
time and also prevent distortion of fibres. Oriented sprayed fiber preforms are considered 
suitable for the automated preform manufacturing for large wind turbines. The study covered 
various techniques of automated preform manufacturing for wind turbine blade structures and 
compared them using Analytic Hierarchy Process (AHP). 

Richard Stewart [24] studied the applicability of Rapid Material Placement System 
(RMPS) (Fig. 3), a CNC controlled system containing multiple axes end effectors fitted onto 
a gantry. The system is capable of assisting the blade manufacturing process and can even 
perform operations like spraying and addition of adhesives on to the blade halves. It is 
reported that a dual gantry system, positioned next to each other takes only 2 hours to 
produce a 45 meter blade shell. 

Another automation equipment, the Reaction Injection Moulding (RIM) machine is 
used to manufacture polyurethane wind turbine blades that lie in close proximity with wind 
power plants. The machine injects isocyanate and its reactive components into the mould. 
After compression and curing by radiation, the polyurethane blade is producible. 
Similarly, the Long Fibre Injection (LFI) machine injects both isocyanate, its reactive 
components along with long fibres which then compresses and cures, producing the 
polyurethane blade [25]. These machines curb difficulties associated with transportation of 
large blades as the entire process is performed in close proximity with the wind power 
plant. 

 

Fig. 3 Rapid Material Placement System (RMPS) [24] 
 

2.3 Assembly 

For movements between assembly stations, the use of Automated Guided Vehicles (AGV) is 
advisable. AGV makes use of tracks for movement, allowing them to traverse along the 
whole location using signals detected by sensors embedded on them [5]. Kruger et al. [26] 
has very well described the man-machine cooperation in assembly lines. Various robotic 
assembly systems could prove to ease the transportation of blade components from one 
station to another. Moreover, integration of advanced machinery to form systems capable to 
carry out multiple operations leads to decreased number of assembly stations, avoiding 
balance delays. 

Roberts et al. [27] patented a concept of joining blade components through improved 
methods which consumes lesser adhesives. The study suggested a method of printing and 
depositing 3D grid structures at the first joint area of the blade using CNC machine. This is 



followed by blade add-on components being placed onto the rotor blade; an adhesive is 
provided partially to fill the grid which secures the components to the blade. These grid 
structures are known to offer buckling resistance, assisting to reinforce the joint areas of the 
blade. The printed grid structures have tight gaps; hence, the usage of adhesives for bonding 
is limited in comparison with conventional blades. The latter makes use of excess bonding 
due to intricate profiles near joint areas, making the usage of printed grid structures 
preferable. 

Mironov [28] solved the problem of limited accessibility of longitudinal movement of 
robots over the blade mould to spray gelcoat, place dry fibreglass and apply bonding 
adhesives to the blade halves prior to joining them. It suggested engaging a gantry over the 
moulds provided with a robot which can slide longitudinally over the blade halves using 
servo drive motors. After the application of adhesives, the halves are joined using turnover 
hinge devices which rotate one half over the fixed mould half with no hindrance to the gantry 
track. Interlocking the removable bridge sections and gantries is facilitated through a 
Programmable Logic Controller (PLC). 

 
2.4 Finishing 

The blade components produced through automated techniques are to be precisely finished. 
These may involve sanding, painting, surface coating, etc. The factors influencing finishing 
process and its associated costs are mainly the size of finished component and amount of 
finishing work to be performed [29]. Blade finishing which impact quality and productivity 
rates involves risks of manual tool and heavy machinery handling as well as exposure to 
hazardous blade materials such as GFRP and Epoxy resins. This poses a detrimental impact 
on the health of workers. Automating surface treatment and finishing of blades make various 
tedious operations relatively simple to be implemented. Moreover, it improves the quality of 
finish as robots are able to travel across entire blade length in a continuous manner, 
improving the blade quality in terms of resistance to weather, corrosion and mechanical 
stresses [5]. 

Liebherr Automation Systems carried out automated blade trimming and fibre layout 
techniques on a blade length of 60 meters. They implemented robotized polishing of blade 
surfaces, enabling large time and cost savings [30]. The complex blade contours make 
programming a robot difficult for trimming and sanding operations. EINA of Spain, managed 
to tackle the concern through a system capable of tracking changing contours and placing the 
sand tool normal to the blade surface at all times [31]. 

Tebulo Robotics, a Dutch firm, developed an Automatic Mobile Robot (AMR), 
capable of a 360o rotation to follow and coat blade contours precisely by making use of the 
Externally Guided Motion (EGM) technology. The advanced technology imparts the 
capability to guide complex blade contours effortlessly with least programming needed for 
the robotic system. Besides, the AMR is suitable to be deployed for surface cleaning, 
precision polishing as well as non-destructive blade inspections. It is estimated to coat a 100 
meter blade in 90 minutes [32]. The patented AccuFind technology developed by Dynamic 
Robotic Solutions (DRS) locates and processes the root end of blade and provides a self- 
driven solution for excess blade material to be identified and subsequently ground and 
sanded [33]. 

Table 1 summarizes various principles and techniques of automating different 
processes which are involved in the production of wind turbine blades. Further details 
regarding practices of various such advanced blade production technologies may be referred 
to using the tabular summary. 



Table 1 Automation methods for various blade production processes 
 

Process Operation Automation Method Reference 
Supply & 
Handling 

 
 
 
 
 
 
 
 
 
 
 
 

 
Manufacturing 

Assembly 

Finishing 

Feeding & cutting 

Pick-up 

Position & lay-up 
 
 
 
 
 
 
 

Draping 
 

Fixation 
Deposition, 

Infusion, 
Machining 

Transportation 
Bonding 

Sanding 
Painting & 

coating 

Conveyor 
Automatic cutting table 

Bernoulli gripper 
Low vacuum suction principle 

AEE 
AFP 
ATL 

Filament winding 
Shifting 

ADMP 
LAR 

 
Vacuum forming technology 

DTP effector 
Robotized sprayer 

BAAM 
WHAM 
RMPS 

AGV 
3D printed grid structures 

Gantry with robotized sprayer 
AccuFind technology 

AMR 

Vilumsone [10] 
Vilumsone [10] 

Fantoni et al. [12] 
Reinhart et al. [13] 
Kordi et al. [14] 

Siqi Zhu [1] 
Siqi Zhu [1] 
Siqi Zhu [1] 

Sherwood et al. [16] 
Siqi Zhu [1] 

Franke et al. [4] 
Franke et al. [4] 

Rolbiecki et al. [18] 
Potter K [19] 

Franke et al. [4] 
Franke et al. [4] 
Post et al. [22] 
Post et al. [22] 

Richard Stewart [24] 
Sainz JA [5] 

Roberts et al. [27] 
Mironov G [28] 

Abrams et al. [33] 
Tebulo Robotics [32] 

 
3 Economic Analysis 

The primary objective of automating wind turbine blade manufacturing is to diminish the 
expenses of harnessing energy by reducing labour costs, production time, increasing 
reproducibility and volume of production. The predominant factors of analyzing the 
economic viability of blade production include cost of tooling, maintenance and labour, 
which are relatively high at low manufacturing levels [6]. Chen et al. [34] stated that the most 
efficient way to decrease the operation and maintenance cost of blade production is to find 
out the blade defects by reducing the cost of inspection and by automating the entire 
sequence of processes. Benjamin A. W. [35] developed a winding system which is 
automated. The system is capable of winding NCF plies around a mandrel at a low cost 
without affecting the quality when compared to other processes. 

Murray et al. [36] presented a study owing the major contribution of production costs 
to materials and direct labour. The study depicted that 11.4% of material costs are from scrap 
materials. Based on these findings, incorporating an automated process chain in blade 
manufacturing may be considered to be a dominating step towards cost reduction by avoiding 
material wastage and ensuring tighter dimensional tolerances whilst manufacturing. 

Schubel P. J. [6] adopted a Technical Cost Modelling (TCM) approach to contrast 
production costs of a 40 meter wind turbine blade shell set and spar using different 
manufacturing techniques. The comparison included six processes, namely hand lay-up 



prepreg, Vacuum Infusion (VI), Light Resin Transfer Moulding (LRTM), ATL, AFP and 
overlay braiding (Fig. 4 and Fig. 5). On comparing the automated fibre deposition strategies, 
i.e., ATL, AFP and braiding, it is found that braiding adds tremendous expenses and time due 
to its failure to put filaments along the length. It depicts a 21% expense surge over the manual 
techniques. In contrary, ATL and AFP appear to decrease fabricating costs by around 8%. 
ATL shows a decrement in expenses up to 4% over hand lay-up prepreg, being monetarily 
effective beyond production of 750 PPA. AFP is considered to have an added advantage of 
being more adaptable in comparison with ATL, making this technique more feasible. 

Through automated preform techniques, blade manufacturers undergo reduced 
handwork costs, improved control over fibre orientation along with significant degree of 
consistency, helping to produce complex blade geometries with low misuse of crude 
materials, and reduced time for production [23]. 

Franke et al. [4] studied the reduction of manufacturing and labour costs in the lay-up 
process of the BladeMaker project. Gantry robots coupled with effectors incorporated within 
the automation system carried out the process of continuous direct material deposition. An 
investigation in context with the BladeMaker concluded cost savings of 17.3 % to 23.1 % by 
utilizing the automation arrangements and systems. 

The literatures reviewed emphasize that the economic perks of automation 
technologies for wind turbine blade production are numerous. However, these tend to be 
largely reliant on the blade production volumes and the extent up to which the plant is 
automated. Expense reduction via partial automation of blade production may likely be 
compensated by a range of labour costs for rest of the processes. 

 

Fig. 4 Comparison of part costs for blade shell production via different processes [6] 
 

Fig. 5 Comparison of part costs for blade spar production via different processes [6] 



4 Challenges 

A key challenge faced during the automated feeding and cutting processes lies in establishing 
speeds of unwounded material roll and conveyor belt at par [37]. Manual processes are still 
being carried out handling and draping of dry fibers to manufacture prepreg, making it time 
consuming [38]. Manufacturing of wind turbine blades consists of geometric and time 
constraints, due to which automation techniques like AFP and filament winding principles 
become cumbersome to be carried out [1]. For instance, the curved profile of blade mould 
requires a handling unit with smaller width material roll for the automated layup process 
which would lead to an increased production time [4]. ATL and AFP face complexities to 
manufacture small parts like ribs, spars and blade corners [39]. Detection of small parts and 
contour details becomes inconvenient because of small course lengths [40]. 

With competencies to harness more energy from wind, the loads on wind turbines 
have been rising with the blade sizes [41]. The blades are to be designed light in weight, 
precisely manufactured to possess adequate strength and sustain heavy loads [1]. There is still 
scope for further research in developing concepts to restrain the extreme load conditions 
which the blades are subjected to, along with improvising the energy production [42]. 
Besides, there lie concerns in the transportation of bulky finished blade components. 
Peeters et al. [43] discussed the concept of segmented production of turbine blades, which not 
only offers convenience to 3D printing of blade components, but also eases transportation of 
large blades. However, this technique does face difficulties in resisting high loads. 
Furthermore, self-monitoring of wind turbine blades becomes difficult under such 
unfavourable conditions [44]. 

Recent advancements attributed toward Future Emerging Technologies (FET) appear 
superior over the need to automate blade production. FET such as Airborne Wind Energy 
(AWE) and offshore floating wind concepts are likely to be developed and put to practical 
use in the near future [45]. On account of reduced loads of these tethered systems, their 
operation could be relatively convenient with reduced capital expenses. It must be taken into 
account that difficulties associated with a weighted analysis and modelling between the 
convenience and costs of automation impede blade manufacturers from transforming into a 
completely automated process chain for blade component production. 

5 Conclusion 
A review on the automation advancements in blade production for wind turbines has been 
performed, highlighting the scope for technology-driven production plants in the wind power 
sector. This article enlists various automation techniques in a sequential process wise 
approach of producing wind turbine blades based on the survey of literature available. 

As wind turbine blades continue to increase in their sizes, there is a need to develop 
advanced production techniques to boost production rates. There are countless automation 
techniques which suffice the demands of enhancing the efficacy of blade production. 
Different automated handling and manufacturing techniques discussed throughout the paper 
appear to ease the production process. Systems such as BAAM, WHAM and RMPS 
machines are developed to perform multiple operations such as assisting primary 
manufacturing along with machining and coating within itself. This could help cut down 
production time, with the number of stations being reduced. However, the hesitancy of blade 
manufacturers in adapting to a complete automated process chain is mainly attributed to an 
unconvincing comparison between beneficial and non-beneficial impacts of automation. 



Though future emerging technologies are expected to replace tower based wind 
turbines over the coming years, adequate attention must be diverted to simplify the 
production of wind turbine blades through automation. 

 
References 
[1] Zhu Siqi (2013) An automated fabric layup machine for the manufacturing of fiber 

reinforced polymer composite. Graduate Theses and Dissertations. 13170 
[2] Rahman AS (2019) Design of cost-effective and efficient fiber-reinforced composite 

blades for wind turbines. Reinforced Plastics, 63(1), 21-25 
[3] Damiano M, Russo A, Sellitto A, Vecchio E, Stellato T, Riccio A (2021) Design of a 

composite wind turbine blade manufactured with the ONE SHOT BLADE® 
technology. Materials Today: Proceedings, 34, 103-105 

[4] Franke J, Ohlendorf JH, Thoben KD (2019) Automated production processes in the rotor 
blade industry – Solutions for a continuous direct textile layup. Materialwissenschaft und 
Werkstofftechnik, 50(11), 1326-1342 

[5] Sainz JA (2015) New wind turbine manufacturing techniques. Procedia engineering, 132, 
880-886 

[6] Schubel PJ (2012) Cost modelling in polymer composite applications: Case study – 
Analysis of existing and automated manufacturing processes for a large wind turbine 
blade. Composites Part B: Engineering, 43(3), 953-960 

[7] Hutchinson JR, Schubel PJ, Warrior NA (2011) A cost and performance comparison of 
LRTM and VI for the manufacture of large scale wind turbine blades. Renewable 
energy, 36(2), 866-871 

[8] Veers PS, Ashwill TD, Sutherland HJ, Laird DL, Lobitz DW, Griffin DA, Richmond JL 
(2003) Trends in the design, manufacture and evaluation of wind turbine blades. Wind 
Energy: An International Journal for Progress and Applications in Wind Power 
Conversion Technology, 6(3), 245-259 

[9] Hupka F, Schornstein M, Nefzger H (2018) U.S. Patent No. 9,920,175. Washington, DC: 
U.S. Patent and Trademark Office 

[10] Vilumsone-Nemes I (2018). Industrial cutting of textile materials. Woodhead Publishing. 
[11] ISO 11093-4 (2016) Paper and board - Testing of cores – Part 4: Measurement of 

dimensions 
[12] Fantoni G, Santochi M, Dini G, Tracht K, Scholz-Reiter B, Fleischer J, Verl A (2014) 

Grasping devices and methods in automated production processes. CIRP Annals, 63(2), 
679-701 

[13] Reinhart G, Straßer G (2011) Flexible gripping technology for the automated handling of 
limp technical textiles in composites industry. Production Engineering, 5(3), 301-306 

[14] Kordi MT, Husing M, Corves B (2007) Development of a multifunctional robot end- 
effector system for automated manufacture of textile preforms. In 2007 IEEE/ASME 
international conference on advanced intelligent mechatronics (pp. 1-6). IEEE 

[15] Grimshaw MN, Grant CG, Diaz JM (2001) Advanced technology tape laying for 
affordable manufacturing of large composite structures. In International sampe 
symposium and exhibition (pp. 2484-2494) 

[16] Sherwood J, Polcari M (2017) Automation for Wind Blade Manufacturing. In Automated 
Composites Manufacturing - Third International Symposium 

[17] Newell GC, Khodabandehloo K (1995) Modelling flexible sheets for automatic handling 
and lay-up of composite components. Proceedings of the Institution of Mechanical 
Engineers, Part B: Journal of Engineering Manufacture, 209(6), 423-432 

https://lib.dr.iastate.edu/etd/13170/
https://lib.dr.iastate.edu/etd/13170/
https://www.sciencedirect.com/science/article/pii/S003436171730574X
https://www.sciencedirect.com/science/article/pii/S003436171730574X
https://www.sciencedirect.com/science/article/pii/S2214785320304673
https://www.sciencedirect.com/science/article/pii/S2214785320304673
https://www.sciencedirect.com/science/article/pii/S2214785320304673
https://onlinelibrary.wiley.com/doi/abs/10.1002/mawe.201700197
https://onlinelibrary.wiley.com/doi/abs/10.1002/mawe.201700197
https://onlinelibrary.wiley.com/doi/abs/10.1002/mawe.201700197
https://www.sciencedirect.com/science/article/pii/S1877705815044859
https://www.sciencedirect.com/science/article/pii/S1877705815044859
https://www.sciencedirect.com/science/article/pii/S1359836811005051
https://www.sciencedirect.com/science/article/pii/S1359836811005051
https://www.sciencedirect.com/science/article/pii/S1359836811005051
https://www.sciencedirect.com/science/article/pii/S0960148110003496
https://www.sciencedirect.com/science/article/pii/S0960148110003496
https://www.sciencedirect.com/science/article/pii/S0960148110003496
https://onlinelibrary.wiley.com/doi/abs/10.1002/we.90
https://onlinelibrary.wiley.com/doi/abs/10.1002/we.90
https://onlinelibrary.wiley.com/doi/abs/10.1002/we.90
https://onlinelibrary.wiley.com/doi/abs/10.1002/we.90
https://patents.google.com/patent/US9920175B2/en
https://patents.google.com/patent/US9920175B2/en
https://www.sciencedirect.com/book/9780081021224/industrial-cutting-of-textile-materials?via=ihub%3D
https://www.iso.org/standard/65180.html
https://www.iso.org/standard/65180.html
https://www.sciencedirect.com/science/article/pii/S0007850614001887
https://www.sciencedirect.com/science/article/pii/S0007850614001887
https://www.sciencedirect.com/science/article/pii/S0007850614001887
https://link.springer.com/article/10.1007/s11740-011-0306-1
https://link.springer.com/article/10.1007/s11740-011-0306-1
https://ieeexplore.ieee.org/abstract/document/4412527
https://ieeexplore.ieee.org/abstract/document/4412527
https://ieeexplore.ieee.org/abstract/document/4412527
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.116.8661&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.116.8661&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.116.8661&rep=rep1&type=pdf
https://www.dpi-proceedings.com/index.php/acm3/article/view/17733
https://www.dpi-proceedings.com/index.php/acm3/article/view/17733
https://journals.sagepub.com/doi/abs/10.1243/PIME_PROC_1995_209_106_02
https://journals.sagepub.com/doi/abs/10.1243/PIME_PROC_1995_209_106_02
https://journals.sagepub.com/doi/abs/10.1243/PIME_PROC_1995_209_106_02


[18] Rolbiecki M, Worthmann F, Maass R, Müller DH, Thoben KD (2009) Large Area Robot 
- Flexibel automatisierte Produktion großflächiger Faserverbundstrukturen durch mobile 
Fertigungseinrichtung (02PK2052). In Institut für integrierte Produktentwicklung 

[19] Potter K (2002) Beyond the pin-jointed net: maximising the deformability of aligned 
continuous fibre reinforcements. Composites Part A: Applied Science and 
Manufacturing, 33(5), 677-686 

[20] Rolbiecki M, Franke J, Ohlendorf JH (2016) Draping module for draping textile webs on 
a forming tool, apparatus therewith, and methods for automatically depositing and 
draping textile webs, (DE 10 2015 108 943 A1) 

[21] Förster F, Ballier F, Coutandin S, Defranceski A, Fleischer J (2017) Manufacturing of 
textile preforms with an intelligent draping and gripping system. Procedia CIRP, 66, 39- 
44 

[22] Post BK, Richardson B, Lind R, Love LJ, Lloyd P, Kunc V, Jenne D (2017) Big area 
additive manufacturing application in wind turbine molds. Solid Freeform Fabrication 

[23] Griffin D, Global Energy Concepts LLC (2002) Blade system design studies volume I: 
Composite technologies for large wind turbine blades (No. SAND2002-1879). Sandia 
National Laboratories 

[24] Stewart R (2012) Wind turbine blade production–new products keep pace as scale 
increases. Reinforced Plastics, 56(1), 18-25 

[25] Pyles RA, Matsco J (2012) U.S. Patent Application No. 13/392,967 
[26] Krüger J, Lien TK, Verl A (2009) Cooperation of human and machines in assembly 

lines. CIRP annals, 58(2), 628-646 
[27] Roberts D, Althoff NK, Nielsen MW, Tobin JR, Mccalip A (2019) U.S. Patent 

Application No. 15/935,304 
[28] Mironov G (2012) U.S. Patent Application No. 13/497,845 
[29] Eker AA, Eker B (2013) General assessment of fiber-reinforced composites selection in 

wind turbine blades. Mechanical Engineering Department, Yıldız Technical University, 
İstanbul, Turkey, 20 

[30] Wind Turbine Rotor Blade Manufacturing with Liebherr Automation Systems (2012) RP 
LVT. https://www.liebherr.com/shared/media/gear-technology-and- 
automation/broschures/automation/robot-integration/liebherr-wind-turbine-rotor-blade- 
manufacutring-en.pdf 

[31] Handelsman M, Zald R (2010) An Automated Approach to Blade Manufacturing. Wind 
Systems Mag. http://www.windsystemsmag.com/media/pdfs/Articles/2010_March/FG- 
KMT_0310.pdf 

[32] Tebulo Robotics (2021) Autonomous Mobile Robot (AMR). 
https://www.tebulorobotics.com/exclusive-robot-trial-looks-to-speed-up-production-for- 
large-wind-turbine-blades 

[33] Abrams CA, Kuhn J, Handelsman MW (2010) Vision guided real time locating and 
trimming of flash,(WO2010151621A1) 

[34] Chen X, Shihavuddin AS, Madsen SH, Thomsen K, Rasmussen S, Branner K (2020) 
AQUADA: Automated quantification of damages in composite wind turbine blades for 
LCOE reduction. Wind Energy 

[35] Wollner BA (2011) Development of a fabric winding system for the automated 
manufacture of prefabricated wind turbine blade roots 

[36] Murray RE, Jenne S, Snowberg D, Berry D, Cousins D (2019) Techno-economic analysis 
of a megawatt-scale thermoplastic resin wind turbine blade. Renewable Energy, 131, 111- 
119 

https://www.tib.eu/en/search?tx_tibsearch_search%5Baction%5D=download&tx_tibsearch_search%5Bcontroller%5D=Download&tx_tibsearch_search%5Bdocid%5D=TIBKAT%3A733706479&cHash=3d96bbeb95597c76fdd3541b687fdd3b&download-mark
https://www.tib.eu/en/search?tx_tibsearch_search%5Baction%5D=download&tx_tibsearch_search%5Bcontroller%5D=Download&tx_tibsearch_search%5Bdocid%5D=TIBKAT%3A733706479&cHash=3d96bbeb95597c76fdd3541b687fdd3b&download-mark
https://www.tib.eu/en/search?tx_tibsearch_search%5Baction%5D=download&tx_tibsearch_search%5Bcontroller%5D=Download&tx_tibsearch_search%5Bdocid%5D=TIBKAT%3A733706479&cHash=3d96bbeb95597c76fdd3541b687fdd3b&download-mark
https://www.sciencedirect.com/science/article/pii/S1359835X02000143
https://www.sciencedirect.com/science/article/pii/S1359835X02000143
https://www.sciencedirect.com/science/article/pii/S1359835X02000143
https://patents.google.com/patent/DE102015108943A1/en
https://patents.google.com/patent/DE102015108943A1/en
https://patents.google.com/patent/DE102015108943A1/en
https://www.sciencedirect.com/science/article/pii/S2212827117307096
https://www.sciencedirect.com/science/article/pii/S2212827117307096
https://www.sciencedirect.com/science/article/pii/S2212827117307096
https://wwwassets.e-ci.com/PDF/Products/big-area-additive-manufacturing-application-in-wind-turbine-molds.pdf
https://wwwassets.e-ci.com/PDF/Products/big-area-additive-manufacturing-application-in-wind-turbine-molds.pdf
https://rosap.ntl.bts.gov/view/dot/40098
https://rosap.ntl.bts.gov/view/dot/40098
https://rosap.ntl.bts.gov/view/dot/40098
https://www.sciencedirect.com/science/article/pii/S0034361712700334
https://www.sciencedirect.com/science/article/pii/S0034361712700334
https://patents.google.com/patent/US20120159785A1/en
https://www.sciencedirect.com/science/article/pii/S0007850609001760
https://www.sciencedirect.com/science/article/pii/S0007850609001760
https://patents.google.com/patent/US20190293049A1/en
https://patents.google.com/patent/US20190293049A1/en
https://patents.google.com/patent/US20120205048A1/en
https://www.researchgate.net/profile/Brahim-Attaf/publication/297282630_Recent_Advances_in_Composite_Materials_for_Wind_Turbine_Blades/links/5e7b5432299bf1f38740046f/Recent-Advances-in-Composite-Materials-for-Wind-Turbine-Blades.pdf#page%3D66
https://www.researchgate.net/profile/Brahim-Attaf/publication/297282630_Recent_Advances_in_Composite_Materials_for_Wind_Turbine_Blades/links/5e7b5432299bf1f38740046f/Recent-Advances-in-Composite-Materials-for-Wind-Turbine-Blades.pdf#page%3D66
https://www.researchgate.net/profile/Brahim-Attaf/publication/297282630_Recent_Advances_in_Composite_Materials_for_Wind_Turbine_Blades/links/5e7b5432299bf1f38740046f/Recent-Advances-in-Composite-Materials-for-Wind-Turbine-Blades.pdf#page%3D66
https://www.liebherr.com/shared/media/gear-technology-and-automation/broschures/automation/robot-integration/liebherr-wind-turbine-rotor-blade-manufacutring-en.pdf
https://www.liebherr.com/shared/media/gear-technology-and-automation/broschures/automation/robot-integration/liebherr-wind-turbine-rotor-blade-manufacutring-en.pdf
https://www.liebherr.com/shared/media/gear-technology-and-automation/broschures/automation/robot-integration/liebherr-wind-turbine-rotor-blade-manufacutring-en.pdf
http://www.windsystemsmag.com/media/pdfs/Articles/2010_March/FG-KMT_0310.pdf
http://www.windsystemsmag.com/media/pdfs/Articles/2010_March/FG-KMT_0310.pdf
https://www.tebulorobotics.com/exclusive-robot-trial-looks-to-speed-up-production-for-large-wind-turbine-blades/
https://www.tebulorobotics.com/exclusive-robot-trial-looks-to-speed-up-production-for-large-wind-turbine-blades/
https://patents.google.com/patent/WO2010151621A1/en?q=root%2Bend&assignee=KMT%2Brobotic%2Bsolutions&oq=KMT%2Brobotic%2Bsolutions%2Broot%2Bend
https://patents.google.com/patent/WO2010151621A1/en?q=root%2Bend&assignee=KMT%2Brobotic%2Bsolutions&oq=KMT%2Brobotic%2Bsolutions%2Broot%2Bend
https://onlinelibrary.wiley.com/doi/abs/10.1002/we.2587
https://onlinelibrary.wiley.com/doi/abs/10.1002/we.2587
https://onlinelibrary.wiley.com/doi/abs/10.1002/we.2587
https://lib.dr.iastate.edu/etd/10193/
https://lib.dr.iastate.edu/etd/10193/
https://www.sciencedirect.com/science/article/pii/S0960148118308292
https://www.sciencedirect.com/science/article/pii/S0960148118308292
https://www.sciencedirect.com/science/article/pii/S0960148118308292


[37] Ohlendorf JH, Richrath M, Franke J, Brink M, Thoben KD (2020) Towards automation 
of wind energy rotor blade production: a review of challenges and application 
examples. Advanced Manufacturing: Polymer & Composites Science, 1-18 

[38] Reinhart G, Ehinger C (2013) Novel robot-based end-effector design for an automated 
preforming of limb carbon fiber textiles. In Future trends in production engineering (pp. 
131-142). Springer, Berlin, Heidelberg 

[39] Paton R (2007) Forming technology for thermoset composites. In Composites Forming 
Technologies (pp. 239-255). Woodhead Publishing 

[40] Dirk HJ, Ward C, Potter KD (2012) The engineering aspects of automated prepreg layup: 
History, present and future. Composites Part B: Engineering, 43(3), 997-1009 

[41] Mishnaevsky L, Branner K, Petersen HN, Beauson J, McGugan M, Sørensen BF (2017) 
Materials for wind turbine blades: an overview. Materials, 10(11), 1285 

[42] Capuzzi M, Pirrera A, Weaver PM (2014) A novel adaptive blade concept for large-scale 
wind turbines. Part I: Aeroelastic behaviour. Energy, 73, 15-24 

[43] Peeters M, Santo G, Degroote J, Paepegem WV (2017) The concept of segmented wind 
turbine blades: a review. Energies, 10(8), 1112 

[44] McKenna R, Leye PO, Fichtner W (2016) Key challenges and prospects for large wind 
turbines. Renewable and Sustainable Energy Reviews, 53, 1212-1221 

[45] Watson S, Moro A, Reis V, Baniotopoulos C, Barth S, Bartoli G, Wiser R (2019) Future 
emerging technologies in the wind power sector: A European perspective. Renewable and 
Sustainable Energy Reviews, 113, 109270 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.tandfonline.com/doi/full/10.1080/20550340.2020.1838224
https://www.tandfonline.com/doi/full/10.1080/20550340.2020.1838224
https://www.tandfonline.com/doi/full/10.1080/20550340.2020.1838224
https://link.springer.com/chapter/10.1007/978-3-642-24491-9_14
https://link.springer.com/chapter/10.1007/978-3-642-24491-9_14
https://link.springer.com/chapter/10.1007/978-3-642-24491-9_14
https://www.sciencedirect.com/science/article/pii/B9781845690335500108
https://www.sciencedirect.com/science/article/pii/B9781845690335500108
https://www.sciencedirect.com/science/article/pii/S1359836811005452
https://www.sciencedirect.com/science/article/pii/S1359836811005452
https://www.mdpi.com/1996-1944/10/11/1285
https://www.mdpi.com/1996-1944/10/11/1285
https://www.sciencedirect.com/science/article/pii/S0360544214007427
https://www.sciencedirect.com/science/article/pii/S0360544214007427
https://www.mdpi.com/1996-1073/10/8/1112
https://www.mdpi.com/1996-1073/10/8/1112
https://www.sciencedirect.com/science/article/pii/S1364032115010503
https://www.sciencedirect.com/science/article/pii/S1364032115010503
https://www.sciencedirect.com/science/article/pii/S1364032119304782
https://www.sciencedirect.com/science/article/pii/S1364032119304782
https://www.sciencedirect.com/science/article/pii/S1364032119304782

