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The invention relates to a method of producing a rotor blade, wherein a preform is 

produced as a semi-finished textile product from a number of material sheets of tex­

tured laid scrim mats. The invention further relates to an apparatus for producing 

preforms for the production of a rotor blade.

An initially mentioned method is commonly performed as a manual lamination 

method. In this context, a number of material sheets of textured laid scrim mats and 

other semi-finished textile products, such as fabric, layer or fiber mats, are manually 

placed into a form. If needed, reinforcements or sandwich materials are inserted. 

The semi-finished fiber products illustrated in such a way can be directly impreg­

nated with synthetic resin; it has been preferred to attach a semi-finished textile prod­

uct produced in such a way and further to impregnate it by way of a vacuum infusion 

with a synthetic resin or other duroplast and/or elastomer and/or thermoplast for the 

illustration of a matrix. The above referenced manual lamination method is in partic­

ular used to produce rotor blades for a wind energy plant. The semi-finished textile 

product is produced as a preform with the named manual lamination method in a 

mould, taken out of the form and preferably transferred to a subsequent vacuum 

infusion to impregnate the semi-finished product.

In this context, it can be a problem that the manually laid out textured laid scrim mats 

can only be attached with comparatively high effort. A manual lamination method 

can only be conditionally exposed to quality management or process optimization. 

In particular, an automation of the method has so far shown to be highly problematic. 

Methods for the illustration of fiber composite material which are easier to automate, 

such as die casting or sheet molding, cannot be used for a fiber composite with the 

size of a rotor blade such as in a wind power installation. Desirable is an automated 

method of producing a preform for the production of a rotor blade.

Generally known from prior art are methods of illustrating textured laid scrims in con­

cept. These provide for a cut in the context of a laying construct, whereby the cut 

material is subsequently gripped by a gripper system, singled out or positioned to be 

attached on a band or a deposit table with other textured laid scrims; subsequently, 

the assemblage of combined textured laid scrims has to be transported again and 

be brought into a form and be assembled thereafter. Such a method, which is known 

in principle, is not suited to be used in large construction components such as a rotor 

blade for a wind power installation.
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Documents GB 2 487 050 and EP 2 433 782 disclose an automated process (and 

apparatus) for manufacturing a rotor blade in which a preform is fabricated as a semi­

finished textile product from a number of fabrics of textured laid scrim mats.

The invention picks up at this point, since it is its object to provide a method of pro­

ducing a rotor blade, whereby a preform is produced as a semi-finished textile prod­

uct from a number of material sheets of textured laid scrim mats.

The object of this method is solved by a method of the type referenced in the begin­

ning, comprising, according to the invention, the following steps:

providing a mould for the preform in a laying frame;

providing a textured laid scrim mat of the material sheet in rolled up form on a 

laying roll;

automated roll-out of the structural fabric mat;

automated application of an adhesive on the textured laid scrim mats in the 

mould in the laying frame.

In particular, it can be provided in a further embodiment that the automated roll-out 

is performed while rolling out the laying roll above the mould and while rolling up the 

material sheet of the laying roll and while simultaneously inserting the textured laid 

scrim mat in the mould in the laying frame.

Especially preferred, the provision of a textured laid scrim mat is done by attaching 

the laying roll to a roll tool holder of the laying frame. The adhesive is in particular 

applied while inserting the adhesive into an adhesive applicator on an adhesive tool 

holder of the laying frame.

The concept of the invention, in particular in consideration of the above referenced 

further embodiment, also leads to an apparatus for producing preforms for the pro­

duction of a rotor blade with which a preform as a semi-finished textile product can 

be produced from a number of material sheets of textured laid scrim mats and which 

is formed with a laying frame comprising according to the invention:

a mount adapted to provide a mould for the preform in the laying frame; 

a roll tool holder, designed to provide a textured laid scrim mat in rolled up

form of the material sheet on a laying roll and designed for the automated roll-up of 

the textured laid scrim mat in the mould in the laying frame;



DK/EP 2908996 T3

-3-

5

10

15

20

25

30

35

an adhesive tool holder, designed for the automated application of an adhe­

sive on the textured laid scrim mat in the mould in the laying frame;

a guide system to guide tool holders individually or in combination above the 

mould.

The invention is based on the consideration that the automated insertion of textured 

laid scrim mats in a mould offers a basis for the automated production of a preform. 

Furthermore, the invention recognized that an automated method has to be con­

ducted directly on the mould. In addition, the invention recognized that a textured 

laid scrim mat of the material sheet, in particular in consideration ofthe suitability for 

the production of a rotor blade is to be provided in rolled up form on a laying roll. 

According to this concept, the invention provides that the textured laid scrim mat is 

rolled out automatically and an adhesive is applied automatically on the textured laid 

scrim mat in the mould in the laying frame. The concept of the invention proves to 

be superior compared to the previously generally known automation approaches, 

since transport ways for the production of the preform are practically omitted, be­

cause it can practically be completely produced in the laying frame as a semi-finished 

product.

The concept of the invention rather follows the approach to provide a number of 

suitable movable tools, however at least a roll tool holder and an adhesive tool 

holder, to perform the automated roll out of the textured laid scrim mat and the au­

tomated application of the adhesive. The concept can be applied flexibly, where 

needed also with a variation of the order or with a simultaneous performance of the 

automation steps. In addition, it shows that the automated method makes quality 

management as well as process optimization possible. The automated method is in 

particular also suited for the integration into an automated storing of cut textured laid 

scrim mats in rolled up form prior to the provision of the textured laid scrim mat. 

Preferred further embodiments of the invention can be found in the sub-claims and 

provide in detail advantageous possibilities to further embody the concept of the in­

vention in regard to the method and the apparatus with further advantages.

Preferably, a single textured laid scrim mat can be provided in rolled up form on a 

laying roll. However, more than one textured laid scrim mat can also be provided in 

rolled up form of one material sheet each on a laying roll; this reduces the effort 

required for the exchange of the laying rolls or respectively insertion of a laying roll
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Before the automated roll out of the textured laid scrim mat or respectively after a 

first partial roll out of the textured laid scrim mat and before a complete roll out of the 

textured laid scrim mat, it has proven to be advantageous that a textured laid scrim 

mat is attached to the mould. This proves to be at least advantageous if it is the first 

textured laid scrim mat. Through this, shifting of the textured laid scrim mat is avoided 

during the roll out process until the complete unwinding of the material sheet from 

the laying roll. Thus, the textured laid scrim mat can be inserted at a precise position 

into the mould.

In the context of an especially preferred further embodiment, the inserted textured 

laid scrim mat is pressed against the mould and/or against the underlying textured 

laid scrim mats of the partially completed preform. The pressing of the inserted tex­

tured laid scrim mat can occur on the entire area or, as needed, also only in a partial 

area of the textured laid scrim mat. In particular, a pressing of a partial area such as 

an edge area or an overlap area of different textured laid scrim mats has proven as 

advantageous. In particular, the pressed partial area of the textured laid scrim mat 

includes such partial areas on which an adhesive is applied. The automated method 

is also applicable in the areas of the preform, which are difficult to access in case of 

a manual lamination method, i.e. usually areas of strong bends of the mould outside 

of the horizontal areas that means in particular wall areas of the mould. Here, the 

pressing can include any type of impressing or similar application of pressure.

The provision of a textured laid scrim mat includes in particular attaching the laying 

roll to a roll tool holder of the laying frame. The application of an adhesive includes 

in particular the insertion of the adhesive into an adhesive applicator on an adhesive 

tool holder of the laying frame.

In the context of a preferred further embodiment, a first textured laid scrim mat is 

attached to a second textured laid scrim mat in the mould through the application of 
the adhesive. Depending on the degree of automation, the application of the adhe­

sive can preferably be conducted in an overlap area or in an edge area of each 

textured laid scrim mat.

In particular, the preform can be completed by repetition of at least the steps of roll­

off and application for the number of material sheets of textured laid scrim mats of.
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In particular, it has proven to be advantageous in the context of the first variable that 

the roll out and application, in particular also pressing, are performed simultaneously 

in one instance. In this regard, the laying frame preferably has at least one roll tool 

holder and an adhesive tool holder, preferably also a pressure tool holder.

In a second variable, the roll out and application, in particular also pressing, can be 

performed in two instances, in particular in one back and forth movement of a tool 

holder. For this purpose, it can be provided that only one single tool holder is pro­

vided for at the laying frame, which, however, has different tools, such as, for exam­

ple, exchangeable roll tools, pressure tools and/or adhesive tools. Since an adhesive 

tool can generally only be changed with a larger effort, it has proven to be advanta­

geous that at least in addition to an adhesive tool holder an additional tool holder, in 

particular a roll tool holder and/or a pressure tool holder or, however, a tool holder 

with an exchangeable roll tool and pressure tool, is provided.

In a preferred embodiment of the apparatus according to the invention it has sensor 

means, which can be moved together with the tool holder and are established to 

record tensile stress affecting rolled off, not yet pressed sections of the textured laid 

scrim mat. Through this, it is achieved that the tensile stress caused by the roll tool 

when rolling off the textured laid scrim mat can be monitored. On the one hand, it is 

necessary for successfully rolling off the textured laid scrim mat to have a certain 

tensile stress, so that the mould will not develop creases. On the other hand, the 

tensile stress must not be too big, since otherwise a reasonable forming of the mould 

is not possible. Monitoring the tensile stress makes it possible to keep it at a prede­

termined value, either manually or by means of control or respectively regulating 

technology.

Further preferred, the sensor means comprise distance sensors, which are adapted 

to record a sag in the rolled off, not yet pressed sections of the textured laid scrim 

mat. The degree of the sag is a measurement for the amount of tensile stress; the 

smaller the tensile stress, the more the free section of the textured laid scrim mat 

sags between the roll tool and the mould. If sensor means, for example distance 

sensors, scan a certain section, for example a height section, which is always the
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same, in sections of the textured laid scrim mat between the roll tool and the mould, 

the distance between the sensors and the section of the textured laid scrim mat 

changes with the degree of the sag.

In a further preferred embodiment, the apparatus according to the invention com­

prises one or several dancer rolls, which are arranged on the tool holder in such a 

way that the textured laid scrim mat rolled off from the laying roll is redirected one or 

several times before it is pressed against the mould, whereby preferably one or sev­

eral dancer rolls have sensor means to record the tensile stress, which affects the 

rolled off, not yet pressed sections of the textured laid scrim mat. Preferably, the one 

or several dancer rolls are movable relatively to the tool holder. Pursuant to alterna­

tive or complementary embodiments, the dancer rolls can be passively movable 

and/or driven. A change in the tensile stress can be recorded if the dancer roll moves 

due to a change of the tensile stress affecting the sections of the textured laid scrim 

mat, which are rolled off, but not yet pressed on. An active moving of the dancer rolls 

relatively to the tool holder makes an increase or decrease of the tensile stress af­
fecting the sections of the textured laid scrim mat possible, since it is redirected to a 

different extent depending on the location of the dancer roll. Thus, a controlled or 

respectively regulated moving of the dancer rolls also makes a regulation of the ten­

sile stress possible.

For example, in the context of a first preferred embodiment, in a back and forth se­

quence of instances along an axis of the preform for the rotor blade, an adhesive 

can be applied directly before rolling out a textured laid scrim mat. Alternatively, an 

application of an adhesive can also be performed in addition or alternatively imme­

diately after pressing the textured laid scrim mat.

In an embodiment which may possibly also be applicable, an instance can only be 

performed unidirectionally and in alternation with an empty instance. Thus, in the 

same direction an adhesive can be applied immediately after the roll out of a textured 

laid scrim mat. In an alternative, an application of an adhesive can also be performed 

immediately before the roll out the textured laid scrim mat. In the first alternative, it 
has proven to be advantageous that in addition or alternatively the application of an 

adhesive is performed immediately after pressing. In the second alternative, it has 

proven to be advantageous that in addition or alternatively the application of an ad­

hesive is performed immediately after the pressing of the textured laid scrim mats.
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As press tool a pressure roll, barrel, sensor or similar has proven to be advanta­

geous. A drum melter has in particular proven to be an advantageous adhesive tool 

for an adhesive with hot glue or similar substances.

Preferably, the arm or the arms of the press tool holder are arranged on the tool 

holder and pivotable about at least one, preferably several axes. Alternatively or ad­

ditionally, the arm or the arms are preferably established to hold the press tool itself 

in such way that it can be pivoted about one, preferably about several axes.

Pivoting the arms of the press tool holder or pivoting the tools held on the arms 

themselves significantly improves the adaption of the arms to the geometry of the 

mould. Moreover, through a side shift of the press tool holder in case of large mould 

widths, many different mould geometries can be run reliably without having to pro­

vide a correspondingly rigid press tool according to the strongly varying width de­

pendent on the mould.

In a further preferred embodiment, the press tool holder and/or the arm or respec­

tively the arms have sensor means to record the exercised pressing force. It is es­

pecially preferred that the press tools can be moved relative to the mould in such a 

way that their distance to the mould can be readjusted dependent on the recorded 

pressing force, in particular by means of increasing or decreasing the distance be­

tween the mould and the press tool to keep the pressing force in a predetermined 

range. Increasing the pressing force at a constant roll off speed of the roll tool in­

creases the tensile stress on the textured laid scrim mat. To ensure a roll off process 

that is as constant as possible, it is advantageous to track the pressing force through 

targeted readjustment or re-regulating of the press tool position. Thus, even if the 

mould geometries or the textured laid scrim mat textures change, an essentially al­

ways constant pressing force is always ensured.

To perform the method according to the invention, the apparatus comprises a con­

trol, which is adapted to provide a virtual illustration of the preform and automated 

movement of a roll tool holder to roll out the textured laid scrim mat and/or automated 

movement of an adhesive tool holder to apply the adhesive according to one of the 

movement patterns allocated to the virtual illustration and coordinated with it. Fur­

ther, the control is designed for an automated storing and removal of laying rolls with 

an identification and/or safety feature, which can be read without contact, in particu­

lar in form of a RFID element.
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The guide system is preferably designed in form of rods with a rail; as an advantage, 

the rail is adjusted to an outer form of the mould.

In thecontext of the invention, the method comprises another step: providing a virtual 

illustration of the preform. When using the virtual illustration, a tool can be moved in 

a tool holder in a coordinated movement pattern. In particular, it has proven to be 

advantageous that the roll tool holder is made to automatically roll out the textured 

laid scrim mat according to a movement pattern allocated to the virtual illustration 

and coordinated therewith. In addition or alternatively, it has proven to be advanta­

geous that an adhesive tool holder to apply adhesive according to a movement pat­

tern allocated to a virtual illustration and coordinated therewith. Thus, roll out pro­

cesses can be connected and timely optimized and pressing and gluing steps can 

be optimized in regard to the pressing force and glue application such as tempera­

ture or similar. Overall, the automated method can thus be varied and individually 

adjusted to the virtual illustration of the preform and be optimized in quality manage­

ment.

In the context of another especially preferred further embodiment it is provided that 

the method for the production of the rotor blade is integrated into an automated stor­

age and production method. Preferably, it is provided that laying rolls are automati­

cally stacked and taken from a depot. For this purpose it has proven to be advanta­

geous that each laying roll is equipped with an identification and/or safety feature 

which can be read without contact. An identification and/or safety feature known as 

an RFID element is in particular suitable.

Exemplary embodiments of the invention will now be described below based on the 

drawing. It shall not illustrate the exemplary embodiments relatively, but where it 

serves as an explanation, the drawing is rather presented in a schematic and/or 

slightly distorted form. In regard to amendments to the teachings which are directly 

recognizable from the drawings, we refer to the applicable prior art. The drawing 

shows in:

Fig. 1 a diagram for a preferred embodiment of a production method;

Fig. 2 an embodiment of a laying frame with a roll tool holder and an adhesive

tool holder in a first work position;
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Fig. 3 the laying frame of Fig. 2 with a roll tool holder, which can also be used 

as a pressure tool holder by exchanging of the roll tool with a pressure 

tool - here with a press tool in form of three rolls in a second work po­

sition of the laying frame; and

Fig. 4A schematic spatial detail view of a roll tool holder pursuant to a preferred 

embodiment.

Fig. 1 shows schematically an example of a preferred process of an embodiment of 
a production method for a preform for a rotor blade. View (A) shows in this regard 

the core process for the production of the preform as semi-finished textile product 

from a number of material sheets of textured laid scrim mats. View (B) illustrates that 

the above referenced core process can be integrated into a preferred automated 

process of warehousing or respectively storing while labeling the cut textured laid 

scrim mats. View (C) illustrates how the above referenced core process can be fur­

ther developed to illustrate the preform, while subsequently performing a vacuum 

infusion to impregnate the preform with a resin.

In a first method segment, in reference to view (A) of Fig. 1, at first, based on a 

starting point K1, storage of a plurality of cut material sheets of textured laid scrim 

mat is set up in a first method step SI1. Storing can be set up in such a way that a 

single textured laid scrim mat is rolled up on a single laying roll. Storing can also be 

set up in such a way that a number of textured laid scrim mats are rolled up on a 

laying roll in rolled up form with a known sequence. Step SI1 provides identification, 

if applicable decryption and identification with a safety feature, of a laying roll to be 

used and taking the same out of the depot. In a step SI2, the laying roll taken from 

the depot is attached on a roll tool holder to roll out the textured laid scrim mat of the 

laying frame with the material sheet of a textured laid scrim mat.

In a parallel running second method segment I, starting from a crosspoint K2, a 

mould for the preform is provided in a laying frame. For this purpose, in a first method 

step SII1, the mould is attached as a negative form to a suitable mount of the laying 

frame. In a second step SII2, the measurements of the preform are provided in a 

virtual illustration in form of a CAD model or a similar data structure is provided for 

the mould. The virtual illustration of the preform includes in particular the position, 

the measurements as well as the interface and overlap areas of the material sheets 

of textured laid scrim mats to be used for the illustration of the preform. A corre­

sponding line model of the above referenced edge overlap or interface areas can
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also serve as a template for a movement pattern, which is coordinated with the above 

referenced line model to specify the positioning and roll off movement of a roll tool 

holder as well as the positioning and dosage for an adhesive tool holder in a later 

method step. The above referenced line model can also serve as a template for a 

coordinated movement pattern for a press tool holder, with corresponding positioning 

for the press tool and pressure values at the positions.

In a third method segment III, the automated roll out of the textured laid scrim mat 

takes place in a step SIII1 on the laying frame. An automated pressing ofthe textured 

laid scrim mat to the mould or the neighboring or underlying textured laid scrim mats 

also takes place at the laying frame in a step SIII2. In the third segment III of the 

method process, the automated application of an adhesive on the rolled out textured 

laid scrim mat in the mould in the laying frame still takes place in step SIII3. In a step 

SIII4, the laying roll can again be taken out as an empty laying roll of the roll tool 

holder of the laying frame after the one or the number of textured laid scrim mat(s) 

was/were rolled out. The steps Sill 1, SIII2, SIII3, SIII4 can be repeated several times 

in a loop SIII0, namely until all textured laid scrim mats necessary for the illustration 

ofthe preform are rolled out, covered with adhesive and pressed together. When the 

preform is completed, the preform can be provided in a crosspoint K3 for further 

processing.

The automated roll out of the textured laid scrim mat shown in step SII11 is usually 

done through roll out SIII11 of the laying roll via the mould, while this is pivotably 

attached in the roll tool holder of the laying frame. For unwinding in Sill 12 the roll 

tool holder specifies a corresponding lateral feed rate over the mould as well as a 

coordinated roll out rotating speed of the laying roll over the mould. If the material 

sheet on the laying roll is in relation to a first part in SH 112a rolled out in such a way 

that it comes to align with a beginning at the mould in the corresponding position, 

then this beginning can be attached to the mould and/or at the neighboring adjacent 

or overlapping material sheet of an already laid out textured laid scrim mat in Sil 112. 

Subsequently, while further rolling out the laying roll, the material sheet of the laying 

roll in Sill 12b can be completely unwound and simultaneously be inserted into the 

mould in the laying frame in SI I112c. In Sil 113, the empty laying roll releases from the 

inserted material sheet.

Presently, the automated and identified storing ofthe material sheets of textured laid 

scrim mats in rolled up form on a number of laying rolls illustrated in Fig. 1B is placed
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in front of a crosspoint K2. For this purpose, in a prior method segment 0, starting 

from a crosspoint K0, each laying roll is labeled with an identification and safety fea­

ture - here in form of a RFID element. Thus, the identification and/or safety feature 

is retrievable without contact and applied to the laying roll in a step S01. In a step 

S02, the thus labeled and re-identifiable laying roll is stored. The automated storing 

ends at the crosspoint K1, which can be followed by the above referenced first 

method segment I of the core process.

After completion of the core process, at the above referenced crosspoint K3, the 

preform for the further processing, i.e. in particular for a subsequent vacuum infusion 

to impregnate the preform with resin or another suitable polymer, such as, for exam­

ple, thermoplasts or similar, can be further processed for the illustration of the matrix 

for the textured laid scrim mats. For this purpose, the preform is inserted into a vac­

uum treatment apparatus and soaked or otherwise impregnated with a matrix mate­

rial in a fourth method segment IV in a step SIV1. In a further method step SIV2, a 

number of preforms can then be assembled into a rotor blade after the evaluation of 
a suitable final treatment. The method for the structural production of a rotor blade 

thus ends at first at crosspoint K4.

Subsequently, further measures are performed on the structure of the rotor blade, 

such as attaching of rotor blade connectors, lightning rods, paint or other finish of 

the rotor blade.

To illustrate in particular the above referenced method steps SIII1, SIII2 and SIII3, 

hereinafter a preferred laying frame is described in the context of an embodiment in 

relation to Fig. 2 and Fig. 3 with an exemplary embodiment of a roll tool holder, ad­

hesive tool holder and press tool holder.

For this purpose, Fig. 2 shows the laying frame 100 with a mount 10, here designed 

as a scaffold construction, to provide a mould 200 for a preform as well as a roll tool 

holder 20 and an adhesive tool holder 30. Furthermore, Fig. 3 also shows a press 

tool holder 40. The roll tool holder 20 is used in combination with the adhesive tool 

holder 30 and subsequently the press tool holder in combination with the adhesive 

tool holder 30. In the present case of an embodiment, the roll tool holder and the 

press tool holder are designed as a bridge, which together with a bridge in an also 

slightly altered design for the adhesive tool holder 30 can be moved back and forth 

on a rail system 50 via mould 200, which is adjusted to the mould in form of rails. A
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roll tool 21 or respectively a press tool 41 can be exchangeably mounted on the 

bridge to form the roll tool holder 20 or respectively the press tool holder.

Furthermore, the laying frame also has a walkway 300 designed as a scaffold, which 

has a number of platforms 310 and stairs 320 to be adjusted in a suitable manner to 

the height variation of the preform or respectively the mould. On the walkway 300 

there is enough room for movement and work for the operating personnel 400, which 

can support, observe and remotely control the automated process, if applicable, or 

respectively can also manually intervene in case that the compliance with the auto­

mated process makes this necessary.

The mould 200 in the embodiment shown here shows recognizably the negative form 

of a rotor blade, starting from a rotor blade connecting area 201, up to a third of the 

length of the rotor blade.

The laying frame 1000 shown here with the scaffold-like structured tool part 100, 

comprising the tool holders 20, 30, 40 as well as the guide system 50, comprises 

furthermore a symbolically shown control 500, which is designed through corre­

sponding control connections and control lines 510, 520, 530, 540 allocated to them 

to control and/or regulate tool holders and the guide system in the programmed 

movement specifications. For this purpose, a data model for the virtual illustration 

501 of the preform is provided in the control and/or regulation system 500 as well as 

a coordinated line or edge model to illustrate seams, overlap areas, interfaces or 

another structural model suitable to attach glue lines and glue areas. Such a struc­

tural model can also serve as the basis for a coordinated movement pattern 503 

provided in the system 500, which serves as the basis for the output movement sig­

nals for the regulation and control lines 510, 520, 530, 540. Fig. 2 and Fig. 3 show 

this with corresponding data flow lines 504 to the control and regulation lines 510, 

520, 530, 540.

The concept of the course of movement, which can presently be recognized from 

Fig. 2 and Fig. 3, consists in this embodiment of, starting from a narrow side of the 

mould 200, here the hub side of the rotor blade 201, of simultaneously inserting in a 

first process - here called approach - a textured laid scrim mat through the roll tool 

holder of the tool arrangement 100 and of attaching adhesive in the same process 

through the adhesive tool holder 30 on the textured laid scrim mat at suitable glue 

locations - for example following the seam, interface or overlap areas pursuant to
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the structure model 502. Presently, the back and forth movement of the first instance 

is shown as AW 1 in Fig. 2. A second instance AW2 - here called way back or move­

ment back - is shown in Fig. 3. While the first process runs from the hub area 201 

to the end 202 of the preform or respectively of the mould 200, the second instance 

AW2 runs from the end 202 of the mould to the hub area 201 of the rotor blade. As 

shown in Fig. 3, adhesive is reapplied in the second instance AW2 on the meanwhile 

inserted textured laid scrim mat and the textured laid scrim mat is pressed on with a 

subsequent press tool holder.

It is to be understood that the here described back and forth movement with the 

shown first and second instances AW1, AW2, as opposing instances, is mentioned 

as an example. Likewise, the replacement of the roll tool of the roll tool holder 20 

with a press tool of the press tool holder 40 at the end 202 of the mould to initiate 

the approach movement is meant as an example. Likewise, it can, for example, be 

provided that the tool holders 20, 30, 40 mounted next to each other in this sequence 

insert a textured laid scrim mat, apply adhesive and pressure it in a unidirectional 
first instance AW1. In an altered embodiment each process can only be preformed 

unidirectionally and only while inserting or pressing the textured laid scrim mat. Both 

possibilities of an embodiment can be combined to illustrate a preform and used as 

needed in regard to the individual requirements for the attachment of a textured laid 

scrim mat within the preform. Certain textured laid scrim mats can, for example, be 

inserted by a back and forth movement, others maybe only through a unidirectional 

process. Ultimately, the type of organization of processes as well as the correspond­

ing movement patterns for this tool system 100 are reserved for the coordinated 

movement pattern 503, which takes the individual requirements of the preform based 

on the data model 501 or respectively the structure model 502 for the textured laid 

scrim mats into consideration.

Presently, the tool holder 20 comprises a roll tool 21 in such a way that a pivotable 

laying roll 22 can be turned or respectively advanced on the guide system with a 

suitable, specified unroll speed. The movement pattern 503 also specifies start and 

stop movements for the fixation in the context of the detailed processes in regard to 

step Sill 1.

The advance of the adhesive tool holder 30, which holds an adhesive applicator 31, 

presently in form of a drum adhesive system to apply adhesive in form of hot glue, 

is coordinated to this. The adhesive can be applied through a guide system 32 with



DK/EP 2908996 T3

- 14-

5

10

15

20

25

30

35

presently two application arms 32.1, 32.2 on a textured laid scrim mat in the glue 

areas specified by the movement pattern 503. Suitable are PUR-based hot melt ad­

hesives. In particular, any other epoxy resin formulation of an adhesive is suitable, 

in particular if this is free of curing agents or solvents. The adhesive is applied by 

spraying or pouring at an increased temperature above 100°, while the textured laid 

scrim mats have a temperature which is usually not above 40°, i.e. for example at 

room temperature with an adhesive temperature of about 115°C. The drum melter 

ofthe adhesive applicator 31 can be provided in different embodiments and varia­

tions. A doubled drum melter system of at least two drum melters is also suited to 

ensure continuous operation, if one ofthe drum melters is emptied. As mentioned, 

preferred adhesives are reactive adhesives such as PUR. However, it shows that 

other adhesives are also suitable. In the here illustrated embodiment, the adhesive 

applicator 31 has a drum housing 31.1 with a suitable dosage system to operate the 

guide system 32, for example as suitable pressure control and three-phase motor 

for the dosage function ofthe pumps. Furthermore, the adhesive applicator has suit­

able robotics 31.2 for the positioning and handling of the components as well as a 

control and operating terminal 31.3, which additionally ensures the power supply and 

other operations and logistic as well as monitoring processes for the adhesive appli­

cator 31. Via 31.3, the operating activities and machine conditions can also be re­

motely controlled so that the operating personnel 400 do not have to stand directly 

at the adhesive applicator 31.

Fig. 3 shows an automated processing situation of the preform after an inserted tex­

tured laid scrim mat in a second instance AW2. The process provides for a reappli­

cation ofthe adhesive with the adhesive applicator 31 at the adhesive tool holder 30. 

However, this is not mandatory, but nevertheless optional, if, for example, the oper­

ating personnel 400 determines that in the first instance AW1 not enough adhesive 

was applied; this could be remedied in the second instance AW2, and subsequently 

the textured laid scrim mat previously inserted through the press tool holder 40 could 

be pressed to the mould 200 or previously inserted adjacent or overlapping textured 

laid scrim mats. A first, still partially rolled up textured laid scrim mat 1 is symbolically 

shown in Fig. 2. The partially rolled up and partially inserted textured laid scrim mat 

is shown as 2 in Fig. 2 and the completely inserted and now pressed on textured laid 

scrim mat is shown in Fig. 3 as 3.
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The press tool 41 presently shows a number of three press rolls 41.1, 41.2, 41.3, 

which are in each case held pivotably on one arm 42.1, 42.2, 42.3 of a holding sys­

tem 42. The arm system or respectively each of the arms 42.1, 42.2, 42.3 also 

show(s) corresponding actuators, which implement a pressing force of the rolls 41.1, 

41.2, 41.3 to the textured laid scrim mat 3 as well as other areas of the preform in 

the form 200 pursuant to the movement pattern 503, if applicable.

In particular in the area of curvatures of the mould or respectively the preform, the 

textured laid scrim of the partially completed preform is pressed into the curvature, 

for example the side wall curvature 204 or respectively 206 from above or here from 

the side, namely in particular with press rolls 41.1, 41.3, to optimally adjust the tex­

tured laid scrim to the outline of mould 200. This applies in principle also to the mostly 

horizontally oriented area 205 of the mould 200. This shows a significant advantage 

of the automated method compared to the manual performance of a manual lamina­

tion. On the one hand it is no longer necessary that operating personnel 400 has to 

walk or crawl on the textured laid scrim; thus, a disadvantageous press application 

or press application to one spot is avoided. Furthermore, the strongly curved and 

high areas, such as the areas 204, 206, can now in mould 200 be processed with 

the same quality as a mostly horizontal part 205 of the mould 200; differences in 

accessibility specified by the different curvature or orientation thus no longer have 

an impact on the optimal design of the textured laid scrim; that impacts the latter 

namely by application of adhesive and pressure conditions.

Ultimately, when integrating a CAD system as well as specifying the movement pat­

tern 503 and the structural model 502 based on a CAD data model 501 the system 

has significant advantages in the expansion of the quality management and individ­

ual handling of each individual preform or respectively mould 200. Due to the pres­

ently preferred described method automation and constructive specification of the 

laying frame 1000, the textured laid scrim with a number of material sheets of the 

textured laid scrim mats can thus be adjusted in an optimal manner to the outline of 

the preform or respectively of the mould 200. Furthermore, it shows that the here 

described embodiment can be integrated especially well in a larger automated stor­

ing and taking out of storage process as well as an overall automated rotor blade 

production.

Figure 4 illustrates a part of the apparatus according to the invention 1000 (laying 

frame) in a spatial side view. Figure 4 shows a roll off process of the textured laid
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scrim mat in the direction AW1. Shown is, in particular, a variable of the roll tool 21 

on the tool holder 20 housed on a robot arm which can be moved around multiple 

axes. The rolled off laying roll 22, which is held by the roll tool 21, is redirected by a 

dancer roll 23 before it reaches the mould 200. A section of the textured laid scrim

5 mat 24 sags between the laying roll 22 and the mould 200. The dancer roll 23 is 

movable in the direction of the arrow 25, in particular pivotable and/or translationally 

movable, to make it possible to vary the degree of the sag in section 24. Optionally, 

the tool holder 20 (not illustrated) has a sensor means to record the tensile stress. 

The (not illustrated) sensor means either record the distance to the textured laid

10 scrim mat in section 24 from a stationary attachment on the tool holder 20 or a posi­

tion of the dancer roll 23. Preferably, the roll tool 21 and a drive of the dancer roll 23 

are connected to the control 500 in a signal conducting manner (data connection not 

illustrated) to regulate the roll off speed of the roll tool 21 and the position of the 

dancer roll 25 coordinated to each other in such a way that the tensile stress, which

15 affects the textured laid scrim mat, remains in a predetermined range. In the pre­

tests, the predetermined range of the tensile stress has to be selected in such a way 

that no creasing occurs dependent on the material of the textured laid scrim mat, but 

also no tensile stress occurs that is so high that a forming of the textured laid scrim 

mat to the mould is made more difficult or prevented.
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1. Fremgangsmåde til fremstilling af en rotorvinge (201), hvor et råemne frem­
stilles som tekstilt halvfabrikat af et antal tekstiler af struktureret lagte måtter 
(24), fortrinsvis til anvendelse ved en efterfølgende vakuum-infusion, med føl­
gende trin:
- at tilvejebringe en formdel (200) til råemnet i en lægningsportal (1000);
- at tilvejebringe en eller flere struktureret lagte måtter i hvert tilfælde i oprullet 
form af tekstilet på en lægningsrulle (22);
at tilvejebringe en virtuel visning af råemnet ved hjælp af en styreenhed (500), 
hvor det følgende endvidere sker ved hjælp af styreenheden: 
automatiseret bevægelse af en rulleværktøjsholder (20) til udrulning af den 
struktureret lagte måtte og/eller automatiseret bevægelse af en klæbeværk­
tøjsholder (30) til påføring af klæbemidlet efter et bevægelsesmønster, der er 
tilordnet den virtuelle visning og afstemt derefter,
- automatiseret udrulning af den struktureret lagte måtte, fortrinsvis ved afrul- 
ning af lægningsrullen over formdelen, afvikling af tekstilet fra lægningsrullen 
og ved samtidig ilægning af den struktureret lagte måtte i formdelen i lægning­
sportalen;
- automatiseret påføring af et klæbemiddel eller lignende adhæsionsmiddel på 
den struktureret lagte måtte i formdelen i lægningsportalen, og
- automatiseret magasinering og udtagning af lægningsruller med et identifika­
tions- og/eller sikkerhedskendetegn, der kan udlæses kontaktløst, især i form 
af et RFID-element.

2. Fremgangsmåde ifølge krav 1, endvidere omfattende et, flere eller samtlige 
af trinnene:
at fiksere mindst en struktureret lagt måtte på formdelen, især efter en første 
delvis udrulning og føren fuldstændig udrulning; at presse den ilagte struktu­
reret lagte måtte mod formdelen, især en fuldflade eller en delflade af den 
struktureret lagte måtte, såsom en delflade i et kantområde, et overlapnings­
område, et tilstødende område eller et andet område, der er tilvejebragt til dan­
nelse af en sammenføjning mellem den struktureret lagte måtte og en yderli­
gere struktureret lagt måtte;
at anbringe lægningsrullen på en rulleværktøjsholder af lægningsportalen;
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at indføre klæbemidlet i en klæbemiddelapplikator på en klæbeværktøjsholder 
af lægningsportalen; at fiksere en første struktureret lagt måtte på en anden 
struktureret lagt måtte i formdelen ved påføring af klæbemidlet;
at gentage mindst trinnene udrulning og påføring til antallet af tekstiler af struk­
tureret lagte måtter, især til dannelse af en unidirektional, bidirektional eller 
multidirektional lægning med et antal af struktureret lagte måtter.

3. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at ud­
rulning og påføring, især presning, sker samtidig i en arbejdsvej.

4. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at ud­
rulning og påføring, især også presning, sker i to arbejdsveje, især i ved frem- 
og tilbagebevægelse afen værktøjsholder.

5. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at den 
automatiserede udrulning af den struktureret lagte måtte sker i en arbejdsvej 
udgående fra en smal side af en formdel.

6. Indretning til fremstilling af råemner til fremstilling af en rotorvinge (201) ved 
hjælp af hvilken et råemne kan fremstilles som tekstilt halvfabrikat af et antal 
tekstiler af struktureret lagte måtter (24), fortrinsvis til anvendelse ved en efter­
følgende vakuum-infusion, med en lægningsportal (1000) omfattende:
- en optagelse til tilvejebringelse afen formdel (200) til råemnet i lægningspor­
talen;
- en rulleværktøjsholder (20), der er udformet til tilvejebringelse af en struktu­
reret lagt måtte i oprullet form af tekstilet på en lægningsrulle og udformet til 
automatisk udrulning af den struktureret lagte måtte i formdelen i lægningspor­
talen;
- en klæbeværktøjsholder (30), der er udformet til automatiseret påføring af et 
klæbemiddel på den struktureret lagt måtte i formdelen i lægningsportalen,
- et ledesystem (50) til føring af værktøjsholderne enkeltvist eller i kombination 
over formdelen, og en styreenhed (500), der er indrettet til tilvejebringelse af 
en virtuel visning af råemnet og automatiseret bevægelse af en rulleværktøjs­
holder til udrulning af den struktureret lagte måtte, og/eller til automatiseret 
bevægelse af en klæbeværktøjsholder til påføring af klæbemidlet efter et be­
vægelsesmønster, der er tilordnet den virtuelle visning og afstemt derefter,
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hvor styreenheden er indrettet til automatiseret magasinering og udtagning af 
lægningsruller med et identifikations- og/eller sikkerhedskendetegn, der kan 
udlæses kontaktløst, især i form af et RFID-element.

7. Indretning ifølge krav 6, endvidere omfattende en presseværktøjsholder til 
presning af den ilagte struktureret lagte måtte mod formdelen.

8. Indretning ifølge et af kravene 6 eller 7, kendetegnet ved en værktøjsholder 
med udskifteligt værktøj, nemlig et udskifteligt rulleværktøj, især lægningsrulle, 
og/eller et udskifteligt presseværktøj, især presserulle, valse, føler eller lig­
nende og/eller et udskifteligt klæbeværktøj, der er tilsluttet til en klæbemiddel- 
applikator.

9. Indretning ifølge krav 8, kendetegnet ved sensormidler, der kan køre sam­
men med værktøjsholderen og er indrettet til at registrere en trækspænding, 
der påvirker afrullede endnu ikke pressede afsnit af struktureret lagte måtter.

10. Indretning ifølge krav 9, hvor sensormidlerne omfatter afstandssensorer, 
der er indrettet til registrering af nedhængning af de afrullede endnu ikke pres­
sede afsnit af struktureret lagte måtter.

11. Indretning ifølge krav 9 eller 10, kendetegnet ved en eller flere regule­
ringsruller, der er anbragt på værktøjsholderen på en sådan måde, at den 
struktureret lagte måtte, der er rullet af lægningsrullen, før presning mod form­
delen omdirigeres en eller flere gange, hvor den ene eller flere reguleringsrul­
ler omfatter sensormidler til registrering aftrækspændingen, der påvirker afrul­
lede endnu ikke pressede afsnit af struktureret lagte måtter.

12. Indretning ifølge et af kravene 7 til 11, kendetegnet ved, at presseværk­
tøjsholderen omfatter mindst en arm til et presseværktøj såsom en presserulle, 
-valse, -føler eller lignende.

13. Indretning ifølge krav 12, kendetegnet ved, at presseværktøjsholderens 
arm eller arme er anbragt drejeligt omkring mindst en, fortrinsvis flere akser på 
værktøjsholderen, og/eller
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at armen eller armene er indrettet til at optage presseværktøjet drejeligt om­
kring en, fortrinsvis flere, akser.

14. Indretning ifølge krav 12 eller 13, kendetegnet ved, at presseværktøjshol- 
5 deren og/eller armen eller armene omfatter sensormidler til registrering af den

udøvede pressekraft, og fortrinsvis at presseværktøjerne kan køres i forhold til 
formdelen på en sådan måde, at deres afstand til formdelen kan efterreguleres 
afhængigt af den registrerede pressekraft, især ved hjælp af forøgelse eller
reduktion af afstanden, for at holde pressekraften i et forudbestemt område.

10
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