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I. Introduction 
Medical care, schooling and permanent access to energy have become a matter of course in Western countries. 
However, the industrialised nations often forget about the poverty and poor living conditions of large parts of 
the world's population. More than two billion people live in countries with increasingly severe water shortages. 
As a result, the water supply for agricultural products and livestock in particular is becoming more difficult.  
 
The water supply and thus the quality of life of the affected inhabitants can be significantly improved with a small 
investment of funds! 
 
Low-cost small wind turbines (wind pumps), which can be built in a locksmith's workshop, are particularly suitable 
for water extraction. With the help of such wind pumps, it is possible to pump clean groundwater to the earth's 
surface. This can be used as drinking water or for agricultural irrigation.  
The use of wind energy is not a new discovery. However, burning coal or oil tended to push it into the background. 
These dead-end technologies are not sustainable and are increasingly meeting with resistance. For this reason, 
wind power plants are becoming increasingly important. As a result of climate change, water supply is becoming 
increasingly difficult, affecting less developed countries in particular. Based on this realisation, the association 
Green Desert e.V founded a working group for the non-profit project "Open -Windmill", which offers the possibil-
ity of pumping groundwater for water supply through wind pumps. Green Desert e.V is a group of scientists that 
deals with worldwide problems of energy supply, agriculture and the consequences of climate change. 

 
The aim of "Open Wind Pump" is to develop easy-to-understand construction instructions and technical docu-
mentation for wind pumps, which are to be published worldwide as open source (usable, editable and freely ac-
cessible by third parties). The pumps should be able to be manufactured with tools available worldwide, materials 
that are easy to obtain and people who are not specially trained.  
Craftsmen, farmers and people with basic technical knowledge are addressed and motivated to rebuild and suc-
cessfully operate the wind pumps with the help of the instructions offered.  

 

Aims of the construction manual  

The objective is to provide easily understandable construction manuals of directly driven wind pumps and wind 
generators. With the electricity generated by the wind, electric pumps can be indirectly driven and pump water 
even from great depths. Engineering documentation and background information supplement the manufacturing 
instructions and provide the basis for situation-dependent modifications.  

In the following document, the construction of a wind-powered water pump is explained step by step. The focus 
is on creating an easily understandable construction manual with easy-to-find materials and technical documen-
tation of the wind turbine. This document will be published worldwide as open source and is suitable not only for 
experts but also for talented laymen willing to learn. Specific knowledge is required for some steps. For example, 
the welding work must be carried out by specialists. As this equipment is usually manufactured in working groups, 
all group members can work independently under the guidance of experts. Green Desert e.V. aims to develop 
sustainable concepts of energy and food supply for the respective regions together with the local population. The 
organization has been active since 2008 and develops the simplest possible technical solutions in the field of wa-
ter, agricultural and energy infrastructure. The focus is on the transfer and exchange of knowledge.   

A challenge in this project is to keep the production of the components as simple as possible. The system is to be 
manufactured in normally equipped workshops using materials that are easy to procure. This means that although 
welding equipment and drilling machines are required, no special tools or machines are needed. For this reason, 
simple production steps were considered in the design.   

The plant is operated under the name KUKATE34. The KUKATE turbines are small wind turbines, which have been 
designed by Professor Crome since 1985 and are constructed with different rotor diameters. They are mainly used 
for power generation in developing or emerging countries. The simple and robust design of these turbines is also 
taken up in the present project KUKATE34. 
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Background 
 
More than 30 years of development and self-construction experience 

Our more than thirty years of previous experience in the development, self-construction and operation of wind 
turbines on our own test field is unique worldwide. More than 40 diploma theses, bachelor's theses and master's 
theses were aimed at the construction, testing and optimisation of KUKATE wind energy converters. Last but not 
least, we also took into account the experience gained from the operation of over a million wind pumps that are 
currently in use worldwide. 

KUKATE turbines are small wind turbines designed by Professor Dr. phil. Horst Crome and designed with different 
rotor diameters and numbers of rotor blades from two to twelve. Up to now, they have mainly been used to 
generate electricity in developing countries or emerging economies. 

He described his concept in detail in his "Handbuch Windenergie Technik". It is the best-selling book of its kind. 

Development path of the wind water pump KUKATE34 

At OPEN-WINDMILL, we have also taken up the simple and robust design of these system types for the KUKATE34. 

Because of the rotor diameter of 3.4m, the turbine is known as KUKATE34.  

Development of the KUKATE34:  

1. Theoretical conception 2014 - 2016 
2. Construction of the prototype 2016 und 2017 
3. Assembly and installation with the support by BeLu 2017 
4. Long-term test operatioins and optimisations 
5. Compilation of the construction instructions, technical drawings, material and tool parts lists from 2017 

Objective and method 

Self-sufficiency with clean water. 

All in all, the KUKATE34 project is unique worldwide on this level and in this complexity and will serve to overcome 
many thousands of problems in autonomous water supply with the help of regenerative wind energy. Helping 
people to help themselves and to become autonomous is our priority.  

It was therefore a particular challenge in this project to make the production of all components as simple as pos-
sible. The equipment can be built from easily procured material.  

In concrete terms, the OPEN-WINDMILL KUKATE34 can be manufactured and assembled with angle irons, flat 
profiles, tubes, sheet metal made of steel and aluminium, round material made of iron and brass/red brass/bronze 
(for bearings), welding materials, screws, six pedestal bearings, wood and leather (for piston seals) as well as a 
few springs/rubber straps and long ropes.  

The necessary now-how is available worldwide. 

Experience shows that countless metal workshops all over the world have the following tools and equipment at 
their disposal:  

Welding equipment, metal saws, a stand drill and some hand drills, mostly a lathe, screw clamps, measuring tools 
as well as typical metalworking hand tools.  

They can be building fitter's shops, small shipyard or agricultural machinery repair workshops where the KUKATE's 
are made.  

Own ideas can be easily iimplemented. 
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The users of the OPEN-WINDMILL technology can change the manufacturing and the wind pump themselves ac-
cording to need and possibility 

• Simple technical knowledge in the field of metal construction is sufficient for manufacturing..  

• All parts can be transported by people.   

• The system can be assembled lying down and then erected by people. 

• All components are 100% recyclable and do not pollute the environment. 

• The mast height and the pump can be adapted to local conditions.  

• The foundation can be built depending on the location. No concrete is required for the sleeper foundation. 

• In low wind areas, the rotor diameter can be increased without any problems. 

• No gears, belt or chain drives are required for the OPEN-WINDMILL water pumps. Only with the electric 
version of the KUKATE34E are they usually useful for generator adjustment. 

• The impeller has no electronic, electric, pneumatic or hydraulic components. 

• The piston diameter can be adapted to well pipes on site at any time. 

• The piston and valve seals are easy to make and replace yourself. 

• The diaphragm pump KUKATE34M does not require any piston seals. 

• Depending on the pumping depth and the pumping requirements of the water, a maximum water delivery 
adapted to the conditions can be installed via the adjustable crank swing stroke and an adapted choice of 
piston diameter.. 

• The guide bearings for the hardwood piston rod can be easily replaced at any time. 

• The connected rod bearings are simple pillow block bearings available on the market worldwide. 

• The gondola bearings are manufactured in-house and can be replaced. 

• Power and speed are adjustable via the variable control weight. 

 

IMPORTANT NOTES ON THE CONSTRUCTION OF KUKATE WIND TURBINES! 

In some places we have printed the text in the building instructions in italics. At these points in the building in-
structions we draw attention to alternatives to our construction. Either we describe these alternative modification 
possibilities or we only point out modification possibilities. 

These can be direct deviations from the KUKATE-OPEN-WINDMILL design.  

They can also be alternative production methods - the product remains the same. 

 

We would like to expressly point out our disclaimer here once again (1.6 Copyright Haftungsausschluss)  
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II. Technical introduction 
 

Function of the wind turbine 
 Like all wings that function according to the lift principle, there is 
a measurable pressure difference between the windward side 
(positive pressure) and the leeward side (negative pressure). The 
pressure difference multiplied by the effective wing area results in 
the lift force. The lift force - because it points diagonally backwards 
- acts with a component radially on the wing spars and thus gener-
ates the torque. The more wings, the greater the torque - and the 
lower the speed. 
  
We have determined the rotor diameter of 3.4m from the target 
of the desired pumping capacity. In this case, we want to pump 
one litre of water per second from a depth of 10m. This results in 
a pumping capacity of 100 W. That is over 86,000 litres per day. In 
order to guarantee enough pump power, the pump efficiency is 
only calculated at 20%. This results in a necessary rotor area of 
6.6m² to generate the 500 W of rotor shaft power that is then re-
quired. 
 

Fluid dynamics and performance 
Wind contains kinetic energy in the form of flow energy. The 
KUKATE rotors convert this into other forms of energy by means of 
fluid mechanics. This can be the lifting work when pumping water 
or the conversion into electricity. We give a brief description of the 
basic function of the system. We then explain the individual assem-
blies in detail. 
 
Figure 1 shows the wind flowing into the turbine. The free energy 
of the wind flows towards the rotor. As soon as the rotor turns, the 
energy conversion takes place. A torque (Nm) is generated at each 
blade and, multiplied by the speed of the rotor shaft (per second), 
a mechanical power is generated. 
The flow energy of the wind is converted into kinetic energy of the 
rotor. A crank drive at the rear of the rotor shaft causes the pump 
linkage to move up and down. This is connected to the piston of 
the pump at the bottom. The pump pumps the groundwater up-
wards for the water supply. 
 

Assemblies and their function at the KUKATE34 
Figure 2 shows the KUKATE 34 system. For an overview, all individ-
ual assemblies are labelled. As soon as the rotor turns, the rotation 
of the shaft is converted into a translatory up-and-down movement of the boom by the crank drive. The boom 
runs down through the middle of the mast to the pump. It pumps the groundwater to the surface. 
The mast is erected on its mast feet. The hinges of the feet form the connection between the mast struts and the 
foundation. The foundation is buried more than one metre deep in the earth or cast from concrete. The founda-
tion ensures the stability of the KUKATE34.  
In addition to the rotor and crank drive, a control vane and a cross vane are attached to the nacelle. The flags 
serve to align the rotor in the wind direction. The flags together with the control weight are necessary as a me-
chanical safeguard in a storm. In a storm, the wind pushes the flags together. This turns the rotor out of the wind 
direction. In this way, the wind pump is protected from storm damage. (The function of the control system is 
described in detail under section „2.Technology we use" described in detail under "2.4.3 Ingenious control").   

Figure 1 - KUKATE34 under the impact of wind 

Figure 2 - Assemblies of the system 
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Technical data      
General    technical data of the KUKATE34K OPEN-WINDMILL wind turbine (without guarantee) 

 

Function 

 

Implementation 

 

Assembly modular  

Service Life 

 

> 30 Years     

 

Regulation 

 

Control  and side vane with control weight (optional spring) 

 

Start-up  wind speed 

 

light wind (about 3-4m/s) 

 

Power off regulate off 

 

7-8 m/s     

 

Transportability 

 

max. 5 m long components 

 

Transport weight (to be transported by people) 

 

Except for the mast segments, no assembly weighs more than 

50kg 

 

Surface treatment 

 

Anti-rust coating / paint / or (partially) galvanized 

 

Mast        

 

Height of mast above ground to azimuth bearing 

 

(6-) 10 m variable adaptable 

 

Mast construction 

 

four stems, truss, L profile 

 

Stem distance 

 

top 0,3 m ; bottom 1,5m 

 

Gondola 

 

Gondola weight 

 

max. 200 kg     

 

Shaft diameter 

 

40 mm     

 

Shaft bearing 

 

Plummer block with deep groove ball bearings 

 

Bearing of gondola 

 

Plain bearing 

 

Bearing  of the control vane 

 

Plain bearing 

 

Rotor        

 

Incoming flow 

 

Luv        

 

Number of wings 

 

12        

 

max. rotor diameter outside Rotor blade profile 

length Profile width 

 

3,4 m x 1000mm  x 370mm 

 

Wing material 

 

Sheet steel or aluminum 2mm 
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Profile shape     

 

curved plate 1: 10 to 1 : 8 

 

High-speed number 

 

1,1 

 

Nominal wind speed 

 

6 m/s 

 

Pump 

 

Pump height ( = installation depth of the pump) 

 

10 m; variable 

 

Pumping capacity at 10m head 

 

1 l/Sec = 3600l/h = 84.000 L/day 

 

Shaft power 

 

200W at 5m/s 700W at 7m/s 1000W at 8m/s 

 

Piston rod bearing 

 

Plain bearings made of hardwood or plastic 

 

 
 

 
 

Tabelle 1 – technical data 
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0 Preparation 
 
This chapter presents basic information that is essential for the production of the KUKATE34. This information is 
specifically tailored to this system and must be read carefully. 
Technical drawings, parts lists, tool lists, manufacturing instructions and the assembly instructions are coordi-
nated with each other. 
 

0.1 Numbering system 
 
Since the numbering system is designed specifically for this work, it will be described in more detail in this Chapter 
 
Figure 3 shows the representation of the numbering system. The first digit stands for the chapter and the second 
for the respective subchapter. The third number defines the component from the bill of material (parts lists). 
These can thus be picked out precisely. The parts lists can be found in the respective chapters or in Annex D. 
 

 

0.2 Technical drawings 
 
Drawing standards are drawn up according to fixed rules. In this section, the rules required for the OPEN-WIND-
MILL system are explained in more detail and the handling is shown as simply as possible 
 
 

Sheet format 
 
DIN 823 specifies the designation and sizes of the drawing 
sheets. 
A0: 841 x 1189 mm 
A1: 594 x 841 mm 
A2: 420 x 594 mm 
A3: 297 x 420 mm  
A4: 210 x 297 mm 
A5: 148 x 210 mm 
 
Figure 4 shows the drawing sheets in relation to each other. 
 
 
  

1.2 - 3 

Chap-
ter 

Subchapter Component 
number 

Figure 3 - Numbering system 

Figure 4 - Blade dimensions according to DIN 823 
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Scale 

The dimensioning on the standardized technical drawings is important, as no scales or lengths are used in the 
construction manual. These can only be taken from the technical drawings. They are used to represent compo-
nents in such way that the conditions are always given, even if they are reduced or enlarged. Drawings of life-size 
components have a scale of 1:1. Figure 5 shows chessmen with a height of 50mm. These can easily be shown on 
a DIN A5 sheet on a scale of 1:1.   

 
Figure 5 - Scale 1:1 

 
Large components are displayed in reduced size. Figure 6 - Scale 1:50 shows tthe mast with a total height of 10m.  

 

The drawing of the entire mast is too large for a DIN A4 sheet and is scaled appropriately to 1:50. If the real mast 
has a height of 10m = 10.000 mm, it will have a height of 200mm on the drawing. However, the displayed dimen-
sioning must correspond to the real one. The scale must always be indicated on a technical drawing.   

Figure 6 - Scale 1:50 
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Computer printers only print drawings accurately under certain conditions. Often printers adapt the drawings to 
certain formats that do not resemble the original. For this reason, dimensions may only be measured and applied 
directly from drawings that exactly resemble the originals. Otherwise, the real dimension must be calculated using 
proportional calculation. 

If a length dimensioned at 200mm is remeasured at 194mm on the print, measured dimensions must be increased 
by three percent for production.  200mm/100 = 2mm corresponding to 1%. Since the deviation is 3%, this results 
in a 6mm correction for the mast. All other measured lengths must be increased by 3%. Some printers even print 
different scales in x and y direction. Usually, all production dimensions are correctly indicated with numbers in 
mm lengths. 

Lines according to DIN 15 

In technical drawings the lines are of crucial importance. Each line type has its own use. Table 2 shows the lines 
used in this work.  

Line type Line width Image Designation Usage 

Broad 0,5 mm 
 

Full line For visible edges and contours 

Medium 0,35 mm 
 

Dotted line For concealed edges and outlines 

Narrow 0,25 mm 
 

Full line 
Dimension lines, dimension auxiliary 
lines, hatching lines, surface characters, 
diagonal crosses, reference lines 

Narrow 0,25 mm 
 

Semi-dot line Centre lines, pitch circles, bolt circles 

narrow 0,25 mm 
 

Freehand line Break lines 

Table 2 – Lines according to DIN 15 

 

Drawing layer 
 
This section explains how technical drawings are created from the body to the "production picture". 
 
 
If you imagine a body that is irradiated with 
sunlight from above, for example, it casts a 
shadow on the ground. This shadow is caught 
on a drawing plane. (Figure 7). Thus, you get 
the outline oft he body from one side.  
  

Figure 7 – Right-angled parallel projection 
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However, since this is only shown from one side, 
there is not enough information to see the whole 
body. Among other things, the thickness of the 
body is missing and "hidden edges" can also be 
lost. For this purpose, the body is rotated by 90° 
and projected backwards as shown in (Figure 8).  
 
Since the body was only folded and not moved, 
the pixels of the edges that belong together still 
lie on a straight line: The corners A and A' coin-
cide in the drawing plane in the first view. After 
folding, both are visible in the projection as end 
points of the line AA'. 
 
The most significant view (shape, size, details) is 
usually defined as the front view. However, it can 
also be the production or use position of the 
workpiece. 
 
 

Dimensioning system 
 
To be able to manufacture a component, the dimensions are of decisive importance. In this work, the length 
dimensions are always in millimetres. The labelling is placed outside the body as far as possible.  
 
 
Display in one view  
 
Figure 9 shows the representation 
of a component in a one-dimen-
sional view. The component shown 
is made from a plate of thickness t = 
2mm. The "depth" of the compo-
nent is therefore known and there-
fore only one view is required. 

 
 
 
 
 
 

Figure 9 -One-dimensional representation 

 
  

Figure 8 – Right-angled parallel projection with 90° rotation 
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Display in two views  
 
Figure 10 shows a compo-
nent of which a second 
view is required. Other-
wise, the position of the 
hole with a diameter of 
6mm, for example, could 
not be determined.  
 
 

Symbols and dimen-
sions of technical draw-
ings 
 

 
Table 3 – Symbols and dimensions of technical drawings 

  

Symbol Erklärung

Beschriebt die Entfernung zwischen zwei Punkten. Die Angabe ist in Millimeter.

Bohrungen oder Löcher können auf verschiedene Weise angegeben werden.

Dies ist meist abhängig von der Ansicht oder der Vorliebe des Zeichners

Ø – Durchmesser

R – Radius

Durch eine Mittellinie wird eine Bohrung in der Seitenansicht gekennzeichnet.

Die Buchstaben deuten auf eine Detailansicht hin. Es sind immer 2 auf einer zeichnung zu finden.

Der erste Buchstabe ist auf der Kompletten Ansicht zu finden und der zweite in der Detailansicht.

Die eingekreiste 4 steht für eine Positionsnummer. 

Die Nummer und das gezeigte Bauteil sind in der Teileliste, auf der Zeichnung, wieder zu finden.

Die Teileliste zeigt alle verwendeten Baugruppen, Halbzeuge und Bauteile an.

Kap. + Pos.- Die beiden Spalten ergeben die Bauteilnummer

Pos. - Über die Position ist das Bauteil auf der Zeichnung wieder zu finden

Bezeichnung - Gibt den Namen des Bauteils/ der Baugruppe an

Norm - Die Norm wie z.b DIN, EN oder ISO wird dort angegeben

Anz. - Die verwendete Menge des jeweiligen Bauteils

Schnitt ansichten werden durch zwei mit einem - verbundene Buchstaben angedeutet. 

Die grundansicht zeigt durch eine Punkt-strich Linie und die beiden Buchstaben

an welcher Stelle des Bauteils der Schnitt positioniert ist

Das Symbol deutet auf eine schweißnaht mit bestimmten Maßen hin.

2,5x2,5 - gibt die beiden Schänkel längen der Schweißnaht an

2x - Anzahl der Schweißnähte

30 - ist die länge der Schweißnaht

(25) - gibt an wie viel Abstand zur nächsten Schweißnaht ist

R 8,00Ø 16,00

16,00

Figure 10 – Two-dimensional representation 
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0.3 Symbols and dimensioning oft he construction manual 
 
The construction manual uses a variety of symbols that describe the manufacturing process in more detail. The 
symbols used are shown and explained in Table  4. 
 
Symbol Explanation To be considered 

 

General tool kit 
- This set contains tools, protective and auxiliary 

materials that are required for all work  
- The individual tools/aids are no longer listed in 

the instructions 

The tool set contains the following tools / aids: 
Marking devices (centre punches, scribing needle, 
felt-tip pen, measuring devices, files, hammer, 
screw clamps 
- Work shoes, gloves, safety goggles, safety hel-

met 

 

Drill 
- Different types of drilling machines  
- Stand drilling machines should be used prefer-

ably 
- The size of the drills can be taken from the tech-

nical drawing 
- Diameter of the required drills is given 
 

- Before drilling, the holes are always marked.   
- Distances are measured with a measuring tool 

and marked with a marker (e.g. scribing nee-
dle).  

- Place the centre punch on the marked point 
and punch with a hammer  

- Speed of the drill is decisive. The speeds can 
be taken from Table 6 

- After drilling, the holes are deburred with a file 
or countersink 

 

Screwdriver/Wrench  
- For tightening screws and nuts 
- Usually two are always required (for screw and 

nut) 
- Required spanner widths are specified accord-

ing to ISO 
 

- Depending on the size and type of screw, the 
appropriate screwdriver must be selected 

- Permissible tightening torque must not be ex-
ceeded (Table 5)  

 

 

Scissor 
For cutting materials. There are different types of 
shear for different materials 

 

 

Marker 
Preferably use a scribing needle for marking mate-
rials 

 

 

Measurement 
- A wide variety of measuring tools are used. 

These are to be selected according to the re-
quired accuracy 

- Caliper - exactly accurate for the 0.1mm range 
- Ruler - exactly for the 1mm range 
- Measuring tape - for use with long lengths 

(>1m) 

 

Compass 
- For marking circles, radii and angles 

 

 

Spirit level 
For aligning the components on a horizontal and 
vertical plane 

 

 

Sawing 
- Select saw depending on the material. It is pref-

erable to use a stand saw (e.g. band saw or cold 
circular saw) 

Angle grinders are suitable for work in which no 
fret saw can be used 

- The cuts are marked before sawing  
- Cutting waste of the saw must be considered  
- After sawing the edges are deburred with a file 

or angle grinder 

 

Glue 
- Bonding is described in chapter 0.4 
 

 

 

Hammer  
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- Auxiliary tool for adjusting or in combination 
with chisel for punching large holes 

 

Chisel 
- For splitting various materials  
- Used for punching large holes 

 

 

File 
- For deburring cut or sharp edges or holes 
- For adapting components that are matched to 

each other 
- Angle grinder is the preferred choice 

 

 
Thread cutter 
- For cutting threads  

- A lot of lubricating oil must be used during op-
eration 

 

Elbow 
- For aligning the 90-degree angle 

- For angles larger or smaller than 90°, these are 
indicated separately 

 

Welding 
- Possible welding methods: 
- MAG – metal welding with active gases 
- electrode welding (E-Hand) 

- Spot welding (also known as tack welding) 
Small welding spots must be applied to align 
and fix the components 

- fixed welding - welding seams 30-60mm and al-
ternate welding and let cool down in between 

 

Lubricating oil  
- For use with mechanically moving components 

and for drilling  
- Reduces friction and wear 

 

 

Silicone 
- Serves as rust protection 
 

 

 Screw Clamp  
- Used for temporary fixation of components 

 

 Paint 
- To protect against rust and improve the design 

of the product 

The entire system must be painted to protect 
against rust 

 

Riveting 
- Riveting is a joining process, especially for sheet 

metal and similar low strength materials. 

The following equation must be observed to select 
the correct shaft length: 
Shaft length = total thickness of the materials to be 

riveted + 1.5 * shaft diameter. 
Table  4 – Symbols and dimensions oft he construction manual 
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0.4 Manufacturing process 
 
Adhesive bonding  
 
Gluing of PVC plastic pipes and fittings of the pump is done with PVC-U adhesive and is called swelling welding, 
among others. Before bonding, the surfaces must be cleaned. The contact surfaces are loosened by the adhesive. 
They swell and fuse together during the drying process. After gluing, the parts are inseparably connected. The 
glued surfaces are tight and have the same properties as the original material.  
For gluing PVC-U pipes and fittings, the cut pipes or the machined areas on the fittings must first be deburred and 
provided with a chamfer. Then the PVC-U fitting is pushed onto the pipe at the marked position. The ends of the 
contact surface between fitting and pipe are marked with a pen to indicate the insertion depth. The adhesive 
surfaces are degreased with a cloth and PVC cleaner to remove residues of release agents, dirt and grease. Then 
the PVC adhesive is applied to the contact surface with a flat brush with hard bristles (no brush with plastic hairs). 
The end of the pipe should be generously coated with adhesive. The contact surface in the fitting is also coated 
with the adhesive. Here, however, it should be applied only thinly to avoid a large adhesive bulge inside. After 
coating with the adhesive, the parts are put together. The resulting adhesive bead is removed with a cloth. The 
glue must dry for at least 24 hours and should not be subjected to wet and mechanical stress. In addition, the 
bonding should only be carried out in well-ventilated rooms, as the unhealthy solvent will outgas during the drying 
process. 
 

Screws 
 
Screws must not be tightened more than the permitted torque. Torque wrenches are available for this. Without 
a torque wrench, the screws must be tightened sensitively and under no circumstances too much.  
 
Table 5 shows the tightening torque for standard threads. The strength class of a screw - for example 8.8 - is 
indicated on the screw head. If this is not the case, the screw is not approved for machine construction and steel 
construction. An M10 screw of quality 8.8 must be tightened to approx. 49Nm. Deviations up and down must not 
be greater than 15%. The screws and nuts used in these building instructions are intended for quality class of 8.8. 
 

Thread size Tightening torque/tightening torque for standard threads in [Nm] 

Strength 
class 

4.6 5.6 6.8 8.8 10.9 12.9 

M6 3.84 4.8 7.69 10.25 14.41 17.29 

M7 5.13 6.42 10.27 13.70 19.25 23.1 

M8 9.35 11.69 18.7 24.93 35.06 42.07 

M10 18 23 37 49 70 83 

M12 32 40 65 86 121 146 

M14 52 65 104 138 194 233 

M16 81 101 161 215 302 363 

M18 112 139 222 296 417 500 

M20 157 197 315 420 590 709 
Table 5 – Tightening torque for standard threads 
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Drilling 
 
When drilling, the speed of the drill is decisive. Depending on the material and diameter of the drill, this speed 
must be set on the drill in advance. The resulting chip can be removed cleanly and evenly. Table 6 lists the speed 
for the material and diameter of the drills. The listed values apply to High Speed Steel (HSS) twist drills. When 
countersinking with a countersink, a speed corresponding to a drill bit of 20 mm is used for all materials. 
 

 Wood Steel Aluminium Brass Plastic 

Drill Speeds of rotation in revolutions per minute [rpm] 
4 mm 2600 1800 4000 3000 1400 

5 mm 2150 1500 3500 2600 1150 

6 mm 1800 1200 3000 2200 950 

7 mm 1400 100 2500 1800 750 

8 mm 1100 800 2000 1450 600 

10 mm 650 500 1200 900 350 

12 mm 500 400 900 700 300 
16 mm 300 300 580 400 220 

20 mm 260 250 440 310 190 

25 mm 250 240 400 300 170 
Table 6 – Speeds during drills 

 
 
TRAINING WORKSHOP (approx. 5 training places) 
 
Here we have compiled a LUXURY tool list for a completely new training metal workshop for the production of 
many KUKATE units.  
 
ATTENTION:  
Over 90% of the costs are investment material for a metal workshop and will last "forever". Only very little of it 
(e.g. paint and sandpaper) is "consumed" for the construction. 
Some tools are desirable for optimal production - but not necessary. 
 
With this tool kit, many OPEN-WIND KUKATE systems can be built. Only the consumable material must be supple-
mented accordingly. 
The amount of gas for welding and the amount of welding wire or coated welding electrodes is not listed here 
and must still be determined. 
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1 Mast 
 
The mast is a stable truss construction. It is 10 m high and weighs about 430 kg. It makes the assembly the highest 
and heaviest construction of the plant. The mast connects nacelle, foundation and pump and fulfils several tasks. 
On the one hand, it carries the weight of the nacelle and the rotor as well as the control and cross vanes. On the 
other hand, the height of the mast is decisive for the energy yield. The higher the rotor is positioned, the higher 
the wind currents can be achieved. Due to its pyramidal shape, the mast protects, stabilizes and guides the pump 
rods. It runs centrally through the mast from the nacelle to the pump. In windy areas the mast can be made 
shorter. Windy areas include coastal areas. 
 
Figure 11 shows the mast assembly. The mast consists of a frame. This is about 10 m high. The four mast feet with 
their hinges are welded to the lower end of the mast. These connect the 
mast to the foundation. A working platform is attached to the upper 
part of the mast. This allows a safe stand during commissioning and 
later maintenance work on the upper assemblies. 
At the upper end of the mast is the three-part azimuth bearing between 
mast and nacelle pipe. The nacelle pipe rests on the azimuth thrust 
bearing at the bottom. This azimuth bearing made of a brass, copper or 
bronze plate is a plain bearing, just like the other two radial bearings. 
The two wide bearing sleeves of the radial bearings transfer the bending 
forces between the mast pipe and the nacelle pipe. They are glued to 
the top and bottom of the mast pipe to prevent them from slipping. 
 
 

1.1 Mast structure 
 
Figure 12 shows the frame of the mast. The mast consists of four equal 
sides. In the middle of the mast, as well as at the top are connected by 
screws. That way the mast can be transported to the installation 
site in three parts and screwed together on site. Two different 
sizes of L-profiles are used for the construction. The four corner 
posts are also called longitudinal struts. They are made of profile 
steel of 50 × 50 × 5 mm. The inner struts are called diagonal struts. 
These struts have the dimensions of 40 × 40 × 4 mm. The horizon-
tal struts, which connect the stems with each other like a frame, 
are called cross struts. These eight frames divide the mast into 
seven segments. The lowest cross struts are made of a profile steel 
of 50 × 50 × 5 mm, as these have to withstand higher forces when 
the system is erected. All others are made of 40 × 40 × 4 mm profile 
steel. The uppermost segment has a height of 1 m. All segments 
below are distanced by 1.50 m each. In order to guarantee the sta-
bility of the entire plant, the six uppermost segments are provided 
with one diagonal strut per side. The lowest segment is stabilized 
with two crossed struts on each side. The struts are welded to the 
stems.  

Figure 11 – Assemblies of the mast 

Figure 12 – Classification of the struts 
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Tools 
 

  
 

  
 

 

 6,6; 12 Metal WS18 90°   
 
Material 

Pos Raw material Name Standard Dimensions Qty Material 

1.1 -1 R - 22 L-Profile DIN EN 10056-1 50x50x5x5009mm 4 S235 

 -2 R - 22 L-Profile DIN EN 10056-1 50x50x5x5227mm 4 S235 

 -3 R - 22 L-Profile DIN EN 10056-1 50x50x5x1465mm 4 S235 

 -4 R - 28  L-Profile DIN EN 10056-1 40x40x4x1310mm 4 S235 

 -5 R - 28  L-Profile DIN EN 10056-1 40x40x4x1132mm 4 S235 

 -6 R - 28  L-Profile DIN EN 10056-1 40x40x4x952mm 4 S235 

 -7 R - 28  L-Profile DIN EN 10056-1 40x40x4x773mm 4 S235 

 -8 R - 28  L-Profile DIN EN 10056-1 40x40x4x594mm 4 S235 

 -9 R - 28  L-Profile DIN EN 10056-1 40x40x4x389mm 4 S235 

 -10 R - 28  L-Profile DIN EN 10056-1 40x40x4x278mm 4 S235 

 -11 R - 28  L-Profile DIN EN 10056-1 40x40x4x380mm 2 S235 

 -12 R - 28  L-Profile DIN EN 10056-1 40x40x4x1789mm 4 S235 

 -13 R - 28  L-Profile DIN EN 10056-1 40x40x4x1789mm 4 S235 

 -14 R - 28  L-Profile DIN EN 10056-1 40x40x4x1800mm 4 S235 

 -15 R - 28  L-Profile DIN EN 10056-1 40x40x4x1676mm 4 S235 

 -16 R - 28  L-Profile DIN EN 10056-1 40x40x4x1565mm 4 S235 

 -17 R - 28  L-Profile DIN EN 10056-1 40x40x4x1468mm 4 S235 

 -18 R - 28  L-Profile DIN EN 10056-1 40x40x4x1131mm 4 S235 

 -19 R - 28  L-Profile DIN EN 10056-1 40x40x4x834mm 4 S235 

 -20 R - 22 L-Profile DIN EN 10056-1 50x50x5x300mm 8 S235 

 -21   hexagon head screw ISO 4017 M12x35-8.8 88  

 -22   hex nut with torque part DIN EN ISO 7040 M12-8.8 88  

 -23   washer ISO 7091 12 176  

 -24   hexagon head screw ISO 4017 M10x35-8.8 6  

 -25   hex nut with torque part DIN EN ISO 7040 M10-8.8 6  

 -26   washer ISO 7091 10 12  

Table 7 – Bill of material 1.1 Mast structure 
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Construction 
 
Template 
In order to align the mast as precisely as possible, it is advisable to build a template. This can be made from a 
simple wooden or metal plate. It is important that the edges keep the indicated angles. The edge length should 
be at least 700mm. From now on the use of the template is marked with the following symbol 

 
1. All parts are sawn first. The lengths of all required 

L-sections can be taken from the material list.  If 
possible, the diagonal braces can also be cut with 
a plasma cutter.  

 
 
 
 
 
 
 

Mast construction 
 

2. After sawing, the individual components should be numbered. It is a good idea to use the numbering used here. 
  

First, two 5009mm long mast stems [1.1-1] 
each are connected to each other using an 
angle iron [1.1 - 20] or two flat irons (40mm x 
6mm, not shown) each with the connecting 
angle profiles. 
 
Connecting angle iron 
Before the connecting angle irons can be 
screwed on, the outer edge must be provided 
with a 7mm radius. Only then will their pro-
file surfaces of the angle profile fit exactly to 
the inner surfaces of the stem profiles. 
Fix with screw clamps 
Fix exactly with screw clamps. 
Drill holes together 
The holes are drilled together with the corre-
sponding connecting profiles. This is the only 
way to drill the bottom and top longitudinal 
struts [1.1-1] together with the connectors 
[1.1-20] without errors.  
Marking the connections 
It is particularly important to clearly mark the positions of the components before drilling so that they can be 
correctly screwed together again later during assembly. The marking suggested here is composed as follows: 
 
 
 

1 - Numbering of the mast corners 
L - longitudinal struts 
V - connecting piece 
O - top 
U - Bottom   
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3. Welding the cross struts 

The cross struts, which are sawn to within one millimeter, are laid out in squares and welded overlapping at the 
corners. Make sure that they are laid out at right angles. There are 8 squares in total. 

 
4. The production surface shpuld be level and horizontal 

Mark accurately on the floor 
On the floor, an 11m long line is drawn (with a string as an aid) and exactly (!!!) at right angles at the end a 2m 
long line, one meter to each side. This way you always have the symmetry of a center line to check. The mast will 
not be vertical later if mistakes are made here. 
Staple the lower mast stems to the cross brace frames 
First, build the lower part of the mast. To do this, lay out two longitudinal struts [1.1-1] on the ground and make 
sure that they are level and aligned horizontally, equally high and straight on the ground using a spirit level. To 
prevent damage to the mast and the ground, wooden blocks or plates of the same height should be placed under 
the struts for this purpose (prevent deflection due to the own weight!). 
 
Then insert the lower cross strut square [1.1-3] first, followed by the upper one [1.1-6], clamp it with screw clamps 
and staple it. The angle between the cross strut frame and the corner posts plays a decisive role here and must 
also be checked and corrected repeatedly before and after tacking. After alignment, spot tacking is carried out 
and then welded with short seams. 
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5. Then insert the middle crossbar squares [1.1-4 and 1.1-5] and also spot weld them. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6. In the next step, the other two longi-

tudinal struts are placed and dotted. 
Here, it is also very important to en-
sure that the angle and distances of 
the longitudinal struts to each other 
and to the cross strut squares are 
maintained. This must be done with 
particular care, otherwise the mast 
will not be straight. 

 
 
 

7. Now check that all parts are accurately positioned and aligned. Next, the diagonal braces are inserted and spot-
welded. In the case of the lower sector, only the four diagonal struts welded on the inside are installed for the 
time being. 
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8. Build upper half of the mast and connect it with the lower one 
This completes the lower mast for the time being and the upper part can be adapted to it. First, the connecting 
pieces are screwed on. Then, two longitudinal struts [1.1-1] for the upper part of the mast are screwed to the 
connecting pieces. By attaching the top cross strut square [1.1-10], the longitudinal struts can be aligned. Make 
sure that the angle between the longitudinal struts and the cross struts is maintained. Likewise, the ends of the 
longitudinal struts are placed on the inside of the cross strut square. After alignment, spot welding is carried out 
for the time being. 
 
 

 
 

9.  Keeping the an-

gles 3.4 degrees and 

86.6 degrees, respec-

tively, the middle 

crossbar squares [1.1-

7], [1.1-8] and [1.1-9] 

can now be posi-

tioned, aligned and 

punctured. 

 
 
 
 
 

 
10. When placing and screwing down the upper longitudinal struts [1.1-1], the angles must be checked again carefully.  
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11. Align diagonal braces tack and screw together 

 Subsequently, the diagonal struts made of 30x30x4mm angle profile are inserted, aligned and spot welded. The 
struts [1.1-16] are not welded but bolted. To do this, these struts are placed and aligned with their existing holes 
on the longitudinal struts, fixed with screw clamps, marked and drilled. 

 
 

12. Join with short welds, avoid distortions 
The last step is to weld all tack-welded joints. Special care must be taken to ensure that only short welds (20mm 
to 35mm) are ever used. The welding is always distributed diagonally across the mast. This avoids one-sided 
stresses. The mast is welded from the outer ends inwards to minimize the risk of distortion of the structure. 
 

Weld the outer lower diagonal braces.  
Finally, the four outer crossing diagonal braces [1.1-12] on the lower mast segment are also attached and welded. 
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1.2 Narcelle connection 
 
Figure 13 shows the nacelle connection. It consists of a tube, 
a three-part azimuth bearing and the upper part of the mast. 
For this purpose, it is mandatory that the mast [1.1] has 
been manufactured beforehand. The tube is mounted on 
the internal struts and passes through the top plate. This 
plate is welded to the upper frame with short welds. It serves 
as a guide for the tube and bearing surface for the lower axial 
thrust bearing. The nacelle tube is pushed onto the protrud-
ing tube (1). 
 

Azimuth bearing  

 
Exact explanation of the storage 
 
The azimuth bearing is the connecting piece between the 
mast and the nacelle. The entire bearing consists of three 
plain bearings. The three bearings are pushed onto the tube 
of the mast from above. The axil bearing lying on the mast 
plate supports the nacelle and the assemblies mounted on 
it. The two bearing sleeves pushed onto the mast tube ab-
sorb the radial forces of the nacelle. The nacelle frame 2.2 is 
placed on the tube (1) during assembly. Its inner side is the 
sliding bearing surface in the area of the two bearing sleeves 
glued to the mast tube! It must be smoothed in the contact 
area for this purpose. If necessary, the remains of a pipe 
weld must be carefully removed. The upper cover plate and 
the reinforcing plates welded with short welds stabilize the 
mast tube.  
 
The nacelle weight rests on the thrust bearing plate. To in-
crease the load-bearing area, a bearing ring is welded to the 
bottom of the nacelle tube (4). This lower bearing absorbs 
the weight forces of the nacelle. The radial bearing sleeves 
are bonded to the mast tube. These two bearing bushings 
(5) absorb the radial forces. These radial forces are caused 
by wind loads and a constantly changing center of gravity of 
the nacelle with its components. 
 
 
 
Manufacturing of the radial bearings 
The two radial bearing sleeves consist of rolled brass or 
bronze sheets. The sheets must be rolled to the correct di-
ameter beforehand and soldered at the contact seam. 
 
They must be manufactured as precisely round tubular sleeves with a super-smooth outer surface. 
 
It is important that the gap between the internally smoothed nacelle frame tube and the outer bearing sleeve 
diameter is as small as possible (1/10mm-to2/10mm clearance would be ideal). Only when everything fits exactly 
are the bearing sleeves glued to the top and bottom of the mast tube with a suitable adhesive. If there is still an 
intermediate gap between the insides of the plain bearing bushes and the mast tube, the mast tube must be 
wrapped with thin sheet metal - for example aluminum foil - over the entire contact area before gluing until the 
intermediate area is filled. A low frictional resistance of the well-lubricated bearings thus easily allows a rotational 
movement of the entire nacelle. These rotations are caused by wind forces and wind from different directions on 
the control and cross vane. 

Figure 13 – Narcelle connection 

Figure 14 – Azimuth bearing 
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You can attach grease nipples to the outside of the nacelle frame tube at suitable points to press some grease into 
the area of the plain bearing sleeves every few months. 
 
 

Tools 
 

  
 

  
 

 
 

  Metal WS18 90°    

 

Material 

Pos Raw material Name Standard Dimensions Qty Material 

1.2 -1 R - 13 Plate EN 10051 700x700x10mm 1 S235 

 -2 R - 13 Plate EN 10051 65x65x6mm 4 S235 

 -3  Sheet EN 1652 170x170x5mm 1 Brass 

 -4  Sheet EN 1652 388x60x5mm 2 Brass 

 -5  Pipe DIN EN 10220-1 114,3x5x2100mm 1 S235 

 -6  2-component adhesive  40ml 1 Epoxy resin 

 -7 R - 28 L-Profile DIN EN 10056-1 30x30x3x700mm 6 S235 

 
Table 8 – Bill of material 1.2 narcelle connection 

* The material for the pressure plate of the gondola bearing [1.2-3] may be between 5mm and 10mm thick. The thicker the 
better! The same plate is also needed for the thrust bearing of the control vane hinges [3.1-24]. 
** For a nacelle frame tube of 139.7 x 8mm 4mm brass sheet must be used for the plain bearing sleeves, for a nacelle frame 
tube of 139.7 x 7.1mm the brass sheet may be 5mm thick. 
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Construction 
 

1. Saw out and cut to size narcelle bearing parts 
The components shown are first cut to size. When cutting out the brass thrust bearing [1.2-3], note that this is 
pushed onto the tube at a later stage. This thrust bearing absorbs the weight forces of the complete nacelle. The 
thickness of the plate [1.2-3] for the thrust bearing can be between 5mm and 15mm. It is recommended to first 
cut the diameter of the hole a little smaller, and then adjust it to the outer diameter of the tube with a file. 
In the parts list, the thickness of the wooden blocks for the sliding bearings of the piston rod is given as 30mm. 
You can also choose 40mm thickness. Since extends the time until the next replacement. 
 

 
 
 

2. The next step is to saw off the top of the mast. To do this, it is imperative that the connections are sufficiently 
marked beforehand. This serves to ensure that the appropriate positions can be assigned when reassembling. The 
connections are made in the same way as those in the middle of the mast (at approx. 5m), either of adapted 
angles (filed on the outside with a 7mm radius) (see step 7 in chapter 1.1) or of two flat irons 40mm x 6mm in the 
length of the connecting angles for each mast stem. The mast top is then placed upright and aligned. Use a spirit 
level to align the sides shown horizontally. 
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3. Position the head plate very accurately and weld it in 

place 
To measure the center of the head plate, two cords are 
attached diagonally across the top angles of the mast 
head. This allows the plate [1.2-1] to be positioned ex-
actly symmetrically. Now it must be checked again with 
the help of the spirit level whether the plate is horizontal. 
If this is not the case, it must be aligned with small spacer 
plates. After exact positioning, the head plate is spot-
welded to the upper frame of the mast end. 
 
The upper steel plate [1.2-1] must be aligned exactly par-
allel in the plane of the mast feet at the bottom. The tube must be exactly vertical on the plate!  
Only then can the wind later easily align the system using the control and side vane.  
Aligning the tube 
Next, this tube [1.2-5] is inserted from above and aligned. To do this, use a spirit level to check whether the tube 
is vertical and measure its perpendicularity to the plate by means of an angle.  
At the lower end, the tube is centered on the two angles [1.1-11] welded into the frame.  
 
 
 

4. The head plate of the mast is also the working platform.  
 
You can stand on the working platform when 
you want to check or work at the top of the 
wind pump. To prevent slipping with shoes, 
angle irons are welded around the perime-
ter. Their raised edges prevent slipping on 
the platform.  
 
 

 
 
 
 
 

5. The 4 angle irons [1.2-7] are welded around 
the circumference. Two more are welded in 
parallel under the plate. They rest against 
the angles of the mast head. 
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6. Weld pipe 

 When the pipe is aligned, it is tack welded. It is important that the tube is welded ONLY on the lower side of the 
plate. At the top, the surface must remain flat because that is where the thrust bearing rests closely fitted. 

 
Axial and radial bearings between mast and nacelle 
 
Thrust bearing: 
On top of the plate, the brass (or bronze) thrust bearing [1.2-3] lies close to the tube [1.2-5]. Therefore, welds 
around the pipe must be welded ONLY FROM BELOW. The reinforcing plates [1.2-2] are then attached point by 
point and welded alternately with SHORT welds. The top of the mast can now be carefully placed on its side, 
supported by wooden blocks, and the punctures completed with short welds. 
 
In the next step, the radial bearings are manufactured and then glued onto the tube [1.2-5].  
Considerations for bearing clearance: The mast tube [2.2.1-1] has an outer diameter of 114.3mm, the inner diam-
eter of the nacelle frame tube [2.2.1-1] has an outer diameter of 139.7mm and a wall thickness of 8mm. If we 
subtract from 139.7mm (2x8mm), we get 123.7mm inner diameter. The difference in diameter is 9.4mm. If the 
brass bearing sleeve to be manufactured has a material thickness of 2x4mm, there would still be a bearing gap of 
1.4mm. This is still too large!  
 
For a nacelle frame tube of 139.7 x 8mm, 4mm brass plate must be used for the plain bearing sleeves, for a nacelle 
frame tube of 139.7 x 7.1mm, the brass plate can be 5mm thick, the bearing gap is then 11.3mm - 10mm = 1.3mm.  
Note: The selected tubes are not precision steel tubes. Under no circumstances should welds interfere with the 
plain bearing area. If welds are present, they must be ground off in the plain bearing area. If the dimensions are 
not precise, improvisation is necessary. 
For the construction of the bearings, the two 4mm thick brass sheets [1.2-4] are bent or rolled to the outside 
diameter of this tube. In doing so, they must be manufactured as exactly round tube sleeves with a smooth outer 
surface. 
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7. The bearing sleeves are manufactured particularly well if the brazed seam is made at an angle to the tube axis (for 
example, at an angle of 30°). This avoids a weak point of the bearing in the seam area. The brass sheet must then 
be purchased larger. When the plain bearing has the correct outside diameter, the seam is brazed with brass or 
soft solder. 

Important: for long service life, the smallest possible clearance between the nacelle frame tube smoothed on the 
inside in the bearing areas and the outer bearing sleeve diameter (1/10mm-to a maximum of 2/10mm clearance 
for the bearing clearance would be ideal-but is difficult to realize). 

After positioning the brass plate as thrust bearing [1.2-3] on the plate [1.2-1] of the mast top, the brass plates 
bent into tube sleeves are pushed onto the tube and glued. Before gluing, you have to put the nacelle over the 
upper mast tube to test if the bearing is ok. The nacelle must rotate easily. It must still fit tightly as a bearing! 

 One can make these bearing sleeves also gladly 100mm instead of 60mm long. Then they are not so heavily 
loaded and last much longer!  

Only when everything fits exactly are 
the bearing sleeves glued to the top 
and bottom of the mast tube with a 
suitable adhesive.  

If there is still too much space be-
tween the inside of the bushings and 
the mast tube, wrap the entire con-
tact surface of the mast tube with 
thin metal foil (e.g. aluminium foil) 
until the space between the bushings 
and the mast tube is tightly filled (up 
to 1/10 - 2/10 mm). 

If you do not want to solder the bear-
ing sleeves, you can also leave a 
small gap open. A gap of max. ½mm 
may remain open in the bearing 
sleeves. 

 

 

 

8. Finally, the top of the mast can be screwed to the stems of the mast. 
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1.3 Mast feet 
 
Important note: It is very practical to drill the base plates 
of the mast bases together with those of the foundation 
frame and to mark them clearly in pairs with center 
punches! The later position of the L-profiles of the founda-
tion frame on the plates must be taken into account. The 
drawing dimensioning guarantees enough space for the L-
profiles and the later screw connection. 
 
The mast bases are the connections between the mast and 
the foundation. This realizes the stability of the entire wind 
turbine. Furthermore, these mast feet fulfill a second task. 
They enable the mast to be raised and lowered by tilting. 
In order to realize both functions, two mast feet with 
hinges and two without hinges are designed. This con-
struction serves as a fixed bearing in the truss. Figure 5 
shows this mast foot. Two pipe sections [1.3-7] are welded 
to the base plate. A vertical reinforcement and an oblique 
reinforcement are welded to fix the pipe sections. The 
bolts [1.3-8] enable the tilting movement between the 
mast and the mast base. For this purpose, a bolt is inserted 
through the pipe sections. The mast is attached to the mid-
dle tube piece. In addition, a reinforcing plate is welded 
on. This is used to fix and stabilize the mast after erection 
by means of a screw connection. The base plate contains 
four oval screw holes. The pair of hinges is screwed to the 
foundation frame before the mast is erected. 
 
The other two mast feet are also used to bolt the mast to 
the foundation frame after erection. Figure 16 shows the 
construction. These mast feet each consist of a base plate 
and two welded-on reinforcing gussets. These gusset 
plates are attached to the base plate with an angle be-
tween 86° and 87° inclination. These angles are adapted to 
the mast inclination. In addition, the base plate has drill 
holes for fastening to the foundation frame. 
 
  

Figure 16 – Mast feet without hinges 

Figure 15 – Mast feet with hinges 
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Tools 
 

   
  

 

 10; 21 Metal WS 8 90°  

 
 
Material 
 

Pos 
Raw mate-

rial 
Name Standards Dimensions Qty Material 

1.3 -1 R - 13 Plate EN 10051 270x270x6mm 2 S235 

 -2 R - 13 Plate EN 10051 240x100x6mm 4 S235 

 -3 R - 13 Plate EN 10051 270x270x6mm 2 S235 

 -4 R - 13 Flat steel EN 10051 230x100x6mm 2 S235 

 -5 R - 13 Plate EN 10058 60x50x6mm 8 S235 

 -6 R - 22 L-Profile DIN EN 10056-1 50x50x5x50mm 2 S235 

 -7   Pipe DIN2448 60,3x10x60mm 6 S235 

 -8   Round steel EN 10060 40x250mm 1 S235 

 -9 R - 23 Flat steel DIN EN 10058 120x40x5mm 2 S235 

 -10   Grub screw ISO 4026 M10x30mm 2  

Table 9 – Bill of material 1.3 Mast feet 

  

Kommentiert [PD1]: Haben wir die nicht durch eine nor-
male ersetzt? 
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Construction 
 
 

1. To begin, all parts are sawed to size and drilled. Since the mast requires a total of four feet, each component 
shown must be made twice. 

 
 
 
 
 

2. First, the two feet are made without hinges. After cutting the square plates, the prepared gusset plates [1.3-2] 
are placed on the base plate and aligned. It is important here that the arrangement of the holes on the base plate 
is exactly in the right position. Furthermore, the reinforcing plates must have an angle of approximately 86.6°. To 
align this angle, the wooden template from Chapter 1.1 can be used.  
After alignment, the stiffening brackets can be welded in place. With auxiliary angle irons and screw clamps, etc. 
must be carefully and accurately aligned, even if the upper foundation frame to be fabricated later with its cou-
pling plates is copied exactly to the foot plates attached to the mast and their holes in direct contact.  
Until the weld is complete, welding must be carried out alternately in short sections (30mm - 40mm). There must 
be time between the individual welds to allow the construction to cool. 
This minimizes internal stresses and distortions. 

 
  



 

33 
 

 

3. Next, the two mast bases with the hinges are fabricated. To do this, weld the plates [1.3-5] at right angles (90°) to 

the outer edge of the base plate [1.3-3]. Then the tubes [1.3-7] are placed and welded. Make sure that the center 

lines of the holes are aligned exactly. 

 Therefore, it is recommended to push the tubes onto the bolt [1.3-8] beforehand. Since the bolt will be pushed 

in and out later, this ensures that this connection is aligned. The distance between 

the two hinge tubes should be 2mm greater than the length of the tube in be-

tween (from the other part of the hinge).  

To achieve the necessary stability, another plate [1.3-5] is welded diagonally to 

each of the two tubes. For the connection to the mast, the tube [1.3-7] must be 

welded to the L-profile [1.3-6]. After that, this connection is fixed between the 

two tubes on the base of the mast with the bolt. 

 

 
 

4. Then weld the two reinforcing plates [1.3-2] to the lower ends of the longitudinal struts [1.1-1] of the mast. Make 

sure that the shown point of the longitudinal struts is on one level with the gusset plates. Now the base of the 

mast can be aligned with the longitudinal struts on the mast and welded. By pulling out the bolt, the foot can be 

disassembled as desired. To align the hinges, it is helpful to insert a suitable tube or round solid material through 

both hinges over the entire length (approx. 1.7m long). 

 

 

 
 

5. In the last step, the mast feet are welded to the mast with-

out hinges. When fastening, observe the arrangement 

shown. Again, an angle iron or flat iron fastened with 

screw clamps across the entire distance between the feet 

is helpful in aligning them. Before aligning and welding the 

feet to the bottom of the pole, you can double check that 

the two distances diagonally between the stems are 

equal. If they are not, this is the last opportunity to make 

a true square between the four stems. No matter what is 

decided, align or not, it is mandatory to adjust the upper foundation frame to the hinges. 
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1.4 Pump linkage bearing 
 
The boom bearing serves to protect the 20 m long pump boom. This 
consists of aluminum tubes with 30mm outer diameter.  
A total of 8 bearings prevent buckling. Figure 7 shows the bearings. 
4 bearings are located above ground in the mast area and 4 under-
ground in the well. Bearings 2 and 3 will be discussed in more detail 
in this chapter.  
 
The others can be found in the corresponding assemblies and will 
not be considered further here. Figure 8 shows how bearing 2 is 
bolted to the pipe support [1.1-11]. Bearing 3 is positioned centrally 
on the 4th cross member square and welded in place. 
 
We chose hardwood for the bearings because such bearings are 
easy to manufacture. Hardwood is easy to obtain. You can build the 
bearings yourself and replace them easily. Heartwood is the most 
suitable. The bri-nell hardness (lateral area, N/mm²) of the wood 
should be above 35. (Beech, hickory, olive wood, oak, walnut, bon-
gossi, robinia, rosewood). If you can and want to, you can choose 
whatever you want for these plain bearings for the piston rod. They 
just have to work. 
 
 
  

Figure 18 – Bearing 2 und bearing 3  

Figure 17 – Complete pump linkage bearing Kommentiert [PD2]: Bilder müssen ins englische über-
setzt werden, später wird drauf hingewiesen 



 

35 
 

 
Tools  
 

     

 6,6 Metal 
Wood 

WS 10  

 

Material 

Pos   
Raw mate-

rial 
Name Standard Dimensions Qty Material 

1.4 -1   Wooden block   130x180x30mm 8 Oak 

 -2 R - 27  Threaded rod DIN 976 - A2 M6x90mm 8 S235 

 -3 R - 27  Threaded rod DIN 976 - A2 M6x150mm 4 S235 

 -4 R - 27  Threaded rod DIN 976 - A2 M6x200mm 4 S235 

 -5  Washer DIN 9021 - A2 6 32  

 -6  Hexagon nut with torque part DIN EN ISO 7040 M6-8.8 32  

 -7   L-Profile DIN EN 10056-1 40x40x4x940mm 2 S235 

Tabelle 10 – Bill of material 1.4 Pump linkage bearing 

 
Construction 
 

1.  The boom bearing serves to 
protect the 20 m long pump 
boom. This consists of alu-
minum tubes with an outer 
diameter of 30mm. 
A total of 8 bearings pre-
vents buckling. Figure 
17Figure 17 shows the bear-
ings. 4 bearings are located 
above ground in the mast 
area and 4 underground in 
the well. Bearings 2 and 3 
will be discussed in more de-
tail in this chapter. 
 
The others can be found in 
the corresponding assemblies and are not considered further here. Figure 8 shows how bearing 2 is bolted to the 
tube support [1.1-11]. Bearing 3 is positioned centrally on the 4th cross member square and welded in place. 
We chose hardwood for the bearings because such bearings are easy to manufacture. Hardwood is easy to make. 
You can build the bearings yourself and replace them easily. Heartwood is the most suitable. The brinell hardness 
(lateral area, N/mm²) of the wood should be above 35. (Beech, hickory, olive wood, oak, walnut, bongossi, robinia, 
rosewood). Who can and wants to, can choose what he wants for these bearings for the piston rod. They just have 
to work. 
 
  

Kommentiert [PD3]: Stimmt die referen 
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2. The bearing parts are then screwed together. After the upper and lower pieces of wood have been fixed flush at 

the outer edges, the connecting holes are drilled and screwed. Finally, the rod guide is drilled in the center. 
 

 
 

3.  The bearing 3 is screwed to the 
matching holes of the L-sections [1.4-
7]. 
 
 
 
 
 

 
 

4. To fix the bearing 3, it is recommended to stretch two 
strings diagonally between the corner points of the 
cross strut square [1.1-6]. This allows the center of the 
square to be plumbed to ensure that the pump linkage 
is centered. After alignment, the L-sections are welded 
to the cross strut square. 
 
 
 
 
 
 
 
 

 
 
5. Finally, the bear-
ing 2 is screwed to the L-
sections at the lower tube 
end in the mast head [1.2-
5]. 
 
 
 
 
 
 
 
 
  



 

37 
 

1.5 Adjusting shear 
 
The adjusting shear is a welded construction and serves 
as an aid for erecting the mast. It forms a lever arm for 
the lower angle range when the mast is erected or tilted 
with a rope. 
 
The adjusting scissors bolted to the mast are only re-
quired if no crane or similar equipment is available for 
erecting the KUKATE34. Figure 19 shows the erection de-
vice. The scissors themselves are made of L-sections with 
dimensions of 50×50×5mm. The length of the shear is 3m.  
 
It is bolted next to the lowest chord of the mast opposite 
the hinges. The four arms are provided as reinforcement. 
They are bolted next to the second chord. The two long 
arms are welded to the adjusting shear at a height of 
2.5m. The two short arms are welded at the height of 2m of the setting shear. The arms are made of 40x40x4mm 
L profile. 
 
The rope is attached to the top of the gondola for erection and placed over the rope support at the top of the 
erecting shear. The rope support is made of U-shaped bent flat profile. The clear width of the rope support is 
250mm. The installation procedure is described in more detail in Chapter 6. The smaller the angle of tilt, the 
greater the compressive forces which the scissors must be able to withstand.  
 
The approximate order of magnitude of the rope pull forces for erecting the KUKATE34 is given in Chapter 7.13. 
It amounts to approx. 5000N 
 
The traction rope must be designed accordingly. We recommend a rope with 25000N tensile strength to break 
(corresponding to 2.5 tons) for 5-fold safety. 
 

Tools  
 

     

 11 Metal WS 16  

 

Material 

Pos Raw material Name Standard Dimensions Qty Material 

1.5 -1 R - 22 L-Profile DIN 10056-1 50x50x5x3110mm 2 S235 
 -2 R - 22 L-Profile DIN 10056-1 50x50x5x405mm 1 S235 
 -3 R - 22 L-Profile DIN 10056-1 50x50x5x1000mm 1 S235 

 -4 R - 28  L-Profile DIN 10056-1 40x40x4x1945mm 2 S235 

 -5 R - 28  L-Profile DIN 10056-1 40x40x4x2942mm 2 S235 

 -6 R - 28  L-Profile DIN 10056-1 40x40x4x1620mm 1 S235 

 -7 R - 28  L-Profile DIN 10056-1 40x40x4x1488mm 1 S235 
 -8 R - 24  Flat steel DIN EN 10058 300x60x6mm 1 S235 
 -9   Hexagon head screw ISO 4017 M10x35-8.8 6  

 -10   
Hexagon nut with torque 

part 
DIN EN ISO 7040 M10-8.8 6  

 -11   Washer ISO 7091 10 12  

 
Tabelle 11 – Bill of material 1.6 Adjusting shear  

Figure 19 – Complete adjusting shear 



 

38 
 

Construction 
 
 

1. Die The bottom base of the adjusting 
scissors made of 50x50x5mm angle 
material [1.6-6] is aligned centrally 
with the cross strut of the lowest mast 
strap [1.1.-3]. According to the detailed 
illustration, the two stems of the ad-
justing shear are symmetrically aligned 
lying on the mast, fixed with screw 
clamps and then dotted together with 
the U-shaped rope support at the other 
end.  

 
After that, the two cross braces are 
placed in the same way as the lower 
base fitting on the flat side of the stem 
angles and stapled  
 
 

 
2.  Once this has been completed, the adjusting shears are erected on the mast using appropriate aids and posi-

tioned in accordance with the design. This can be done, for example, with the help of wooden slats tied to the 
mast and the positioning scissors or with the help of angle material and screw clamps. Now the cross brace for 
fixing the four arms is to be positioned at the height of the second mast strap and the four support arms are 
aligned and dotted against the two cross braces and the fixed base. Now, in the aligned state, the necessary screw 
holes are to be drilled. After that, the entire stay is separated from the mast and, so that the stay does not warp, 
carefully welded alternately. 
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2 Nacelle 
 
The nacelle of the KUKATE34 is composed of the rotor [2.1], the 
nacelle frame [2.2] and the crank drive [2.3].  
 
2.1 Rotor 
The excellently designed and aerodynamically ingenious rotor of 
the KUKATE34 is an innovation. It is a universal drive for many 
applications, very efficient and extremely easy to build and vary. 
It can withstand gusts of up to 60m/s when turned out of the 
wind. Aerodynamically, it does not depend on a good laminar and 
steady wind flow, but works reliably even in turbulence and gusts. 
 
 
 
Because of the high initial torque, it starts even at moderate wind 
speeds. 

 
 
 
If the wings are damaged - for whatever reason - they can 
be repaired or even rebuilt in a very short time. 
The rotor consists of two metal discs in the center, a ring, 
wings made of sheet metal and water pipes as spars. It is 
completely bolted together. 
 
 
 

 
2.2 Nacelle frame 
The nacelle is welded from U- and L-sections, flat iron and a central 
tube of steel. 
One half of the control vane hinge is welded to the nacelle frame 
and the bracket for the side vane is attached. 
The art of building the nacelle frame is to position all the parts either 
exactly parallel or exactly square and at the correct points on the 
tube. 
The tube of the nacelle frame has a thrust bearing at the bottom 
and two running surfaces on the inside for large-diameter radial 
plain bearings.  
The hardwood bearings installed on the tube and under the tube 
guide the piston rod. They can be easily replaced. 
 

2.3 Crank drive 
Two pillow block bearings, which can be supplied anywhere in 
the world, allow the shaft to rotate, and four convert the rotary 
motion of the shaft into the up and down motion of the piston 
rod. These inexpensive bearings are oversized and therefore last 
for many years. 
  

Figure 20 – Nacelle with rotorblades 
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2.1 Rotor 
 
The required pumping capacity 
 
The rotor of the KUKATE23 converts the wind power into the power of the rotor shaft. Due to the different flow 
velocities (wind) at the front and rear sides of the blades, a pressure difference is created. Therefore the rotor 
turns. The rotor diameter of 3.4m in our OPEN WINDMILL concept was dimensioned according to the desired 
pump capacity:  
We want to pump one liter of water per second from a depth of 10m. That is over 86,000 liters per day. 
For this we need a pump capacity of 100 watts. In order to guarantee this pump power safely, we calculate with 
a small efficiency of only 20%. Therefore we need 500W drive power at the shaft. 
500W require a rotor area of 6,6m². This area has a rotor with a diameter of 3,4m. We reach this 500W rotor shaft 
power at a wind speed of about 6-7m/s. 
 
The rotor design 
 
The sheets for the wings can be 1.5 -2mm thick steel sheet or 2-3mm thick aluminium sheet. The tubes for the 
spars for the wings should have 33.7mm outer diameter. The wall thickness of the tubes should be at least 4mm.  
The bent wing plates are screwed onto the spars. To prevent crevice corrosion, apply a strand of silicone, Sikaflex 
or other elastic sealant exactly on the hole line before screwing. The tube spar and rotor surface must be de-
greased beforehand! 
 
 
 

 
Figure 21 – Complete rotor  
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Tool 
 

   
      

 

 12; 11 Metal WS 13; 16; 
18 

 90° Sheet    

 
Material 

Pos Raw material Name Standard Dimension Qty Material 

2.1 -1 R - 13 Plate DIN EN 10051 450x450x10mm 1 S235 

 -2 R-13 Plate DIN EN 10051 450x450x4mm 1 S235 

 -3 R - 14 Flat steel DIN EN 10058 100x40x6mm 6 S235 

 -4 R - 15 Pipe DIN EN 10220-1 33,7x4x1500mm 12 S235 

 -5 R - 16 Sheet EN 10051 1000x370x2mm 12 S235 

 -6 R - 17 Flat steel DIN EN 10058 330x20x5mm 12 S235 

 -7 R - 18 Pipe DIN EN 10220-1 60,3x10x224mm 1 S235 

 -8 R - 17 Flat steel DIN EN 10058 70x20x5mm 24 S235 

 -9 R - 19 Pipe  16x20x1,5mm 24 Aluminium 

 -10  Hexagon head screw ISO 4017 M10x65-8.8 36  

 -11  Hex nut with torque part ISO 4034 M10-8.8 48  

 -12  Washer ISO 7089 10 62  

 -13  Hexagon head screw ISO 4017 M12x65-8.8 12  

 -14  Washer ISO 7089 12 24  

 -15  Hexagon head screw DIN EN ISO 7040 M6 x 45-8.8 36  

 -16  Hex nut with torque part DIN EN ISO 7040 M6 36  

 -17  Hexagon head screw ISO 7380 M10x50-8.8 12  

 -18  Hex nut with torque part DIN EN ISO 7040 M12-8.8 14  

 -19  Round steel shackels DIN 3570 M8 12  

 -20  Hex nut with torque part ISO 4034 M8-8.8 24  

 -21  Hexagon head screw ISO 4017 M12x80-8.8 2  

 
Table 12 -Bill of material 2.1 Rotor 

Remark:  
The steel tubes for the wing spars [2.1-3] can also be 1inch EN 10255-H S 235 (DIN 2441), EN 10219 S 235 JR, EN 
10210 or DIN2448. Important for the KUKATE34 steel rotor spar are the dimensions 33.7mm outer diameter and 
4mm wall thickness. 
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Construction 
 

1. Reinforcing plates 
First, saw the tube [2.1-7], which is the connec-
tion to the shaft, to size and drill the holes with 
a Ø12mm drill. 
Shaft [2.3.1-4] and hub tube [2.1.-7] and eccen-
tric tube [2.3.1-2] must each be drilled at the 
same time! Make sure that the holes have an 
offset of 90° to each other. 
 
The 6 plates [2.1-3] are also sawn and deburred. 
Make sure that the marked surfaces have a 90° 
angle. 
 
 
 

2. saw out, deburr and drill plates for the rotor hub. 
The 10mm thick plate [2.1-1] is first 
sawn out round and filed. Then drill the 
holes for the clamping with a Ø11mm 
drill and the holes for the wing tubes 
with a Ø13mm drill. The arrangement 
of the holes must be observed. 
 
In the second step, the clamping plate 
[2.1-2] is produced. For this step, the 
thinner plate is sawn to the same di-
mensions as the component [2.1-1]. 
The hole pattern must correspond to 
that of the plate [2.1-1]. The plate [2.1-
1] as a template for the plate [2.1-2] is 
a possibility.   

The position and size of the holes must be identical. 
 
 

3. weld rotor hub 
 In the next step, the plate [2.1-1] is welded to the tube [2.1-7] and the flat iron [2.1-3]. For this purpose, the pipe 
is first placed in the center and welded in small sections. It is important here that the tube is exactly 90° to the 
plate. The flat bars are then welded on. Make sure that the opposite sides are always welded. This keeps the tube 
centered and ensures that the rotor runs smoothly. When welding the seams, it is urgent to ensure that they are 
welded at short intervals and always cooled down. Otherwise, the construction may warp. In contrast to all other 
welds of the system, the welds of the hub are to be welded with the dimensions 2.5x2.5mm (see drawing). 
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4. Saw and mark pipe spars 
Next, cut the 12 tubes [2.1-4]. Then draw a line parallel to the center line on the outside of the tube [2.1-4].  
Attention: The 13mm hole shown above on the right side of the tube for screwing the wing spars to the hub plates 
will be drilled later. 

 
 

5. Cut, mark and bend rotor plates 
In the next step, the wings [2.1-4] are cut to size. The holes are only marked for the time being. Now the surfaces 
are bent (see technical drawing 2.1-4 Sheet 1000x370x2). The deflection height should be between 36mm and 
40mm. 
 
Drill the tube spar and plates together and mark them in pairs. Attention: the 13mm hole in the tube for screwing 
the wing spars to the hub plates will be drilled later.   
Now drill the outer 11mm hole at a 
distance of 80mm from the end of 
the tube TOGETHER with the sheet 
metal profil [2.1-5] through the 
tube spar. Then, the other 6mm 
holes for screwing the sheet metal 
to the spar are drilled COMPLETELY 
with the sheet metal profile 
through the spar [2.1-3].  
After drilling, you must mark the 
pairs of spar and profile that be-
long together in pairs so that you 
do not mix them up later when 
screwing them together!!! 
 
 
 

 
 
 
6. Bolting pipe spars and sheet metal pro-
files 
Now carefully degrease the tie bars and pro-
files.  
Then apply a strand of elastic sealant 
(Sicaflex or weather-resistant silicone) ex-
actly on the bore line up to the end of the 
profile. Now screw the wing profiles to the 
spar. 
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7. mark and drill the hole for 
the correct angle of attack. 
 
Using a 38 degree angle tem-
plate made of cardboard, 
wood or sheet metal, align the 
wing chord at 38° to the plane 
of the "rotor face" and now 
drill the 13mm hole 20mm 
from the inner end of the spar. 
Through this hole the wing is 
screwed between the plates 
of the hub. 
 
 
 
 

8. Mark and drill hole for the correct 
angle of attack 
 
Using a 38 degree angle template 
made of cardboard, wood or sheet 
metal, align the wing chord at 38 
degrees to the plane of the "rotor 
face" and now drill the 13mm hole 
20mm from the inner end of the 
spar. Through this hole the wing is 
screwed between the plates of the 
hub. 
 
 
 
 
Assembly of the rotor  

 
9. In the next step, the thin-
ner front plate [2.1 - 2] is first 
fitted with all 12 M12 screws 
[2.1 - 13] with washers [2.1 - 
14]. The screws are inserted 
into the plate from below and 
the plate is placed flat on the 
floor.  
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10. position the tie bar screw connection 
with spacer sleeves. 
 
The 12 wing spars [2.1 - 4] are placed on the 4mm 
hub from above so that the screws [2.1 - 13] 
point through the holes in the spar. The plates of 
the spars point upwards. Inside the tube, the alu-
minum sleeve [2.1 - 9] is inserted again. 
 
 
 
 
 

11.  Mounting the circumference ring 
 
After the wings are placed on the 
flange, the outer ring is mounted. 
Start with one wing and first insert a 
screw through the flat bar [2.1 -6] and 
then through a flat bar [2.1 -8] above 
the tube spar and then below the tube 
spar. This screw connection must now 
be tightened slightly. This step must 
now be carried out around the com-
plete rotor until the ring is closed. 
Then the ring is aligned so that it has 
the same distance to the center point 
everywhere. Then the screws [2.1 -10] 
are tightened firmly. 
 

12.  Assembly with the rotor hub 
 
After the outer ring has been screwed tight, the preas-
sembled flange can be placed on the screws. The 
screws are then lightly screwed with a washer and the 
M12 nut 
 
 
 
 
 

 
13. After the flanges have been pre-bolted, the 

M10 bolts must be inserted into the flanges 
from below. The M10 screws [2.1 -10] are 
used with washers [2.1 - 12]. The tie bars for 
the wings are now aligned so that the dis-
tance between the tie bars and the M10 
screws is the same. 
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14. Final inspection of the rotor assembly and securing of the screw connections 

In the last step, the rotor is completely screwed together. Once the blades are correctly aligned, the M10 screws 

are first tightened. These clamp the blades in position. Tightening the M12 screws further improves the posi-

tioning. It makes sense to tighten the screws crosswise to reduce distortion of the plates.  

Finally, the rotor is precisely aligned. All screws are tightened. It is good to secure them with a drop of paint, 

Loctite, Sikaflex or other suitable adhesive. 

The rotor with its hub is now ready for final assembly. 

 

 

Alternative: Here is a second possibility to align the holes of the rotor spar [2.1-4] correctly.  

Since the wings have an angle of attack of 38°, the remaining holes must have this offset. For this purpose, a wire 

adjacent to the tube circumference can be used for measuring, which is cut to a length of 11.2mm. With a diam-

eter of 33.7mm, the circumference formula U= π*D gives a circumference of 105.87mm. Dividing this circumfer-

ence by 360° results in a length of 0.29mm per degree. Now the result must be multiplied by 38 to obtain the 

circumferential length of 11.2mm by which the tube must be rotated.  

 This can be used to mark the hole at the other end of the tube. For marking, draw a line on the tube exactly in 

the center from the center of the 13mm hole to the point where the second hole is to be drilled. On this line you 

put the wire of 11.2mm length bent to the contour of the pipe and then you can punch and drill there). 
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2.2 Nacelle frame 
 
The nacelle frame of the OPEN WIND KUKATE is the central component to which the other components rotor 
bearing, control vane, side vane and control weight arms are mounted.  
 
The construction is simple. It consists of the central tube with its bearing surfaces, angle sections and U-sections. 
The inner diameter is (139.7mm - 2x8mm wall thickness =) 123.7mm. The upright 120mm U-profiles [2.2.1-2] 
were chosen to provide enough space for the eccentric to turn. On them are the pedestal bearings for the shaft, 
on which the rotor and the crank drive are placed. 
 
The profiles are welded together. In order to position the frame correctly on the outer tube, U-profiles are added, 
which lie directly against the tube and are welded on. Additional profile pieces at the rear are needed to attach 
the hinge for the control vane. The side vane is bolted to the side using plates. The two side vane hinge bolts must 
be prevented from rotating in the nacelle mounting brackets. The bolts should rotate in the bearing sleeves. 
 

 
 
  

Figure 22 – Narcelle frame 
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2.2.1 Frame 
 
Tool 
 
 

      

 11;12;22 Metal WS 18  90° 
 
Material 

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

2.2 -1 R - 24 Pipe 
DIN2448/1629, DIN EN 

10220-1 / 10210 / 10216 / 
10297-1 

139,7 x (8 x 7,1)* 

1200mm 
1 S235 

 -2 R - 20 U-Profile EN1026 U120x309mm 2 S235 

 -3 R - 21 U-Profile EN1026 U50x705mm 1 S235 

 -4 R - 21 U-Profile EN1026 U50x50mm 2 S235 

 -5 R - 21 U-Profile EN1026 U50x74mm 2 S235 

 -6 R - 22 L-Profile DIN EN 10056-1 50x50x5x674mm 2 S235 

 -7 R - 22 L-Profile DIN EN 10056-1 50x50x5x309mm 2 S235 

 -8 R - 22 L-Profile DIN EN 10056-1 50x50x5x869mm 2 S235 

 -9 R - 22 L-Profile DIN EN 10056-1 50x50x5x1000mm 1 S235 

 -10 R - 22 L-Profile DIN EN 10056-1 50x50x5x45mm 2 S235 

 -11 R - 22 L-Profile DIN EN 10056-1 50x50x5x150mm 1 S235 

 -12 R - 23 Flat steel DIN EN 10058 40x5x368mm 1 S235 

 -13 R - 22 L-Profile DIN EN 10056-1 50x50x5x800mm 1 S235 

 -14  Pedastal bearing UCP208  2 S235 

 -15  Conical grease nipple DIN 71412 AM6 2 S235 

 -16  Hexagon head screw ISO 4017 M12x50-8.8 4  

 -17  Washer ISO 7089 12 8  

 -18 R - 13 Flat steel DIN EN 10058 60x50x95mm 1 S235 

 19  Wedge DIN EN 434 13 4 S235 

 20  Thrust ball bearing DIN 711 51124 A 155/ 120x25mm 1  

 21 R - 17 Flat steel DIN EN 10058 447x20x5mm 1 S235 

 
* For a nacelle frame tube of 139.7 x 8mm, 4mm brass plate must be used for the plain bearing sleeves, for a 
nacelle frame tube of 139.7 x 7.1mm, the brass plate can be 5mm thick. The sheet can also be bronze or gunmetal. 
 

Table 13 – Bill of material 2.2.1 frame  
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Construction 
 

1.  First, the materials must be brought to size and provided with the appropriate holes. 

 
 

2.  Now the nacelle frame is tacked and then welded together. The following illustrations show the sequence of 
assembly. With the help of angles to maintain the 90 degree joints and screw clamps, the components are care-
fully aligned. 

The alignment of these parts will later determine whether the system is well adjusted. You must work very 
carefully here. If the distances and holes are not exactly correct, the side vane, for example, will hang crooked 
later [2.2-7 / 2.2-11]! 
 If the L-profiles [2.2-6] are not exactly perpendicular to the tube, the rotor will run crooked.  
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Hinge attachment reinforcement 
 
On the upper nacelle frame angle section 2.2-7 and the U-section 2.2 -3 a flat iron [2.2-18] is welded up to the 
stop on the nacelle frame tube 2.2-1 and provided with the 20 mm hole for the hinge pin (reinforcement of the 
angle iron due to the high tractive force by the control vane). 
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2.2.2 Wooden bearing cover 
 
 The wooden bearing cover is screwed to the upper end of the 
nacelle frame. This serves not only as protection against wa-
ter, but also as a bearing guide for the rod that lies between 
the mortise joint and the piston of the pump. 
The long piston rod is centered by these wooden bearings. 
The aluminum piston rod has a diameter of 40mm. The bear-
ing holes in the wooden bearings should be drilled with a 
41mm or 42mm drill bit. It is important to use a wear-resistant 
hardwood. 
With linseed oil, olive oil or any other oil, you can lubricate the 
wooden bearings. Then they will last longer than without oil.  
Wear and tear on the bearings is a fact of life. If the bearing 
play is too large, the bearing must be replaced. 
This is very simple. The piston rod does not have to be re-
moved for this. 
The bearing parts must be clamped together and drilled simultaneously before drilling. 
 
 
 
 
Tool 
 

     
 6,6; 30 Metal WS 10  

 
Material 

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

 2.2.2 -1   Wood bearing   123x30mm 2 Oak 

 -2   Wood cover   140x30mm 2 Oak 

 -3 R - 27  Threaded rod DIN 976 - A2 M6x150 2  

 -4 R - 27  Threaded rod DIN 976 - A2 M6x80 4  

 -5   Washer ISO 7089 6 4  

 -6   Washer DIN 9021 - A2 6 8  

 -7   Hex nut with torque part DIN EN ISO 7040 M6-8.8 12  

 -8   Wood screw DIN 571 5x30mm 4  

Table 14 – Bill of material 2.2.2 wooden bearing cover 

  

Figure 23 – Complete wooden bearing cover 
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Construction 
 

1. wood storage is divided into upper and lower half. This I important because wood is not a homogeneous material 
due to the grain. The wear should be symmetrical. Therefore, the grains of the lid and the second part are offset 
by 90 degrees.  
The wooden lid [2.2.2-2] is first sawn to the outside dimension and filed. In the illustration, a round shape was 
chosen. 

 
The lid can also take a square shape.  
The two through holes on the sides are then drilled.  
Finally, the lid is sawn through in the middle. This ensures easy installation and removal.  
For the lower part of the wooden bearing [2.2.2-1], the round shape is required, since this will later be inserted 
and screwed into the tube [2.2.1-1] of the nacelle frame.  
When sawing out the wooden bearing parts, it is important that the outer diameter is chosen larger than indicated 
on the technical drawing. Since the subsequent splitting of the bearing will result in an offcut by the saw, the 
diameter must be sawn out correspondingly larger.  
After the wooden bearing has been sawn through in the middle, it can be filed to size. The tube [2.2.1-1] can serve 
as a template. 
 

2.  First, the wooden lid [2.2.2-2] is 
screwed together. Then the wooden 
bearing [2.2.2-1] is fixed to the lid. 
Screw clamps can be used for this pur-
pose. The indicated holes are then 
drilled. 
 
The last step is to drill the large cen-
tral hole for the piston rod in the as-
sembled state. This provides an off-
set-free hole in which the linkage 
[4.3] can later slide cleanly up and 
down. If this sliding bearing for the 
linkage is accurate and the surface 
smooth, it will last a long time. 
 

 
Fix bearing in tube 
 For mounting, it is convenient to drill two or three 8mm holes 
20mm from the ends at the circumference of each end of the rack 
tube [2.2-1]. With the help of wood screws, you can easily fix the 
bearings this way. 
This should be done before assembly. If drilling is done later, the 
steel chips from the upper holes can fall onto the azimuth slide bear-
ing (made of brass!) above and damage it. 
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2.3 Crank drive 
 
Figure 24 shows the design of the linkage on the nacelle. The rotor shaft is mounted to the nacelle through the 
shaft bearings. This shaft connects the rotor with the linkage. The crank consists of the eccentric, the connecting 
rod and the upper mortise joint. These components form the mechanical transmission of the rotating motion in 
the oscillating (up and down) movement. The eccentric is mounted on the rotor shaft and rotates with it. The 
design of the eccentric on the rotor shaft allows the connecting rod to move up and down. This up-and-down 
movement is transmitted to the piston rod. The rod is pushed onto the threaded rod of the mortise joint and 
screwed together. 
 
 

Function 
 
The translation of rotating motion into oscillating 
movement is called crank drive. The crank drive is 
generated by the linkage. shows the up and down 
movement of the crank mechanism. At the end of 
the rotor shaft the eccentric is mounted. There-
fore, it rotates accordingly. The bolt of the eccen-
tric is rigidly welded to the outer edge of the ec-
centric. This means the bolt will rotate with the ra-
dius of the eccentric. The piston rod mounted on 
the bolt is moved around the axis of the eccentric 
as the eccentric rotates. This results in a pivoting 
up and down movement of the piston rod. The 
movement is transmitted to the mortise joint at 
the upper end of the piston rod. This transmits the 
up and down movement to the linearly moving 
rod which is connected to the pump. 
 
 
 
  Figure 24 – Structure of crank drive 

Figure 25 – Operating principle of the crank drive 
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2.3.1 Eccentric 
 

 
 
Figure 26 shows the eccentric. This is made from a tube, two flat steels and a bolt. The rotor shaft is inserted into 
the tube and bolted. The tube is welded to the flat steel. The bolt is passed through the hole in the flat steel 
bundle and welded. The connecting rod is attached to the bolt. 
 
 
Tools 
 

      

 
9; 13,5; 

20 
Metal WS 13; 18  

90° 

 
Materials 

Pos 
Raw mate-

rials 
Name Standard Dimensions Qty Material 

2.3.1 -1 R - 25 Flat steel DIN EN 10058 210x80x10mm 2 S235 

 -2 R - 18 Pipe DIN EN 10220-1 60,3x10x75mm 1 S235 

 -3 R - 26 Round profile DIN EN 10060 Ø20x115mm 1 S235 

 -4   Round profile DIN EN 10060 40x575mm 1 S235 

 -5   Hexagon head screw ISO 4017 M10x70-8.8 2  

 -6   Hexagon nut with torque part DIN EN ISO 7040 M10-8.8 2  

 -7   Splint pin DIN EN ISO 1234 4,6x32mm 1 S235 

 -8   Hexagon head screw ISO 4017 M12x80-8.8 2  

 -9   Hexagon nut with torque part DIN EN ISO 7040 M12-8.8 2  

Table 15 – Bill of material 2.3.1 eccentric 

  

Figure 26 – Complete eccentric 



 

55 
 

 
Construction  
 

1.  At the beginning, all components are made to measure and provided with the appropriate drillings. Make sure 
that the shaft [2.3.1-4] is first inserted into the pipe [2.3.1-2] and then drilled together. The flat steel [2.3.1-1] 
is not drilled at the beginning. This is done in step 2 
 

 
 

2. The two flat steels [2.3.1-1] are then welded together. Then the 20mm hole is drilled through both. Then the shaft 
tube [2.3.1-2] is positioned and welded to the two plates. 
Make sure that the components [2.3.1-2] and [2.3.1-3] are placed very precisely at 90° to the joint welded from 
two plates [2.3.1-4]. They must not distort during welding.  
 

The assembly with the shaft is done only during the assembly.  
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2.3.2 Piston rod 
 
The connecting rod consists of two bearings, an angle steel, a steel plate and a bolt with flat steel reinforcement. 
The steel plate is welded to the angle section. The pin [2.3.1 - 3] of the eccentric is inserted in the two lower 
pedestal bearings. These are screwed to the plate. At the other end of the profile, the bolt is aligned and welded 
on as accurately as possible in all three directions. For stiffening, two flat steels are welded to the bolt and the 
angle steel. The bolt connects the connecting rod to the bearings of the upper trunnion joint 
 

 
Tools 
 

      
 6,6; 13,5 Metal WS 18  90° 

 
Materials 

Pos 
Raw mate-

rials 
Name Standard Dimensions Qty Material 

2.3.2 -1 R - 22 L-Profile DIN EN 10056-1 50x50x5x680mm 1 S235 

 -2   Plate DIN EN 10025 100x130x5mm 1 S235 

 -3   Round profile EN 10060 Ø30x400mm 1 S235 

 -4 R - 23 Flat steel DIN EN 10058 50x40x5mm 1 S235 

 -5   Conical grease nipple DIN 71412 AM6 2 S235 

 -6   Pedestal bearing UCP204   2 S235 

 -7   Hexagon nut with torque part DIN EN ISO 7040 M12-8.8 4  

 -8   Washer ISO 7089 M12 8  

 -9   Hexagon head screw ISO 4017 M12x50-8.8 4  

 -10   Splint pin DIN EN ISO 1234 6,3x45mm 1 S235 
Table 16 – Bill of material 2.3.2 piston rod 

  

Figure 27 – complete piston rod 
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Constuction 
 

1. Saw all parts to size and drill the holes. You can connect the parts [2.3.2-1] and [2.3.2-2] with a screw clamp, align 
them and drill them together. 
 

 
 

2. The plate is then welded to the angle 
steel. Make sure that the welding of the plate 
[2.3.2-2] is carried out exactly at 90°. In order 
to reduce the bending load on the bolt of the 
eccentric and to ensure the rigidity of the 
construction, two pedestal bearings [2.3.2-6] 
are also mounted here. The mounting holes 
in the bearing housings have a large toler-
ance. Therefore, it is possible to align the 
bearings precisely when screwing them tight. 
For this purpose, a long 20 mm round steel 
bar is inserted through both bearings. With a 
right angle the exact adjustment can be 
done. Then the bearings are screwed tight 
 

 
On the upper part of the connecting rod of KUKATE34 the 30mm round steel [2.3.2-3] is welded with two reinforce-
ments [2.3.2-4]. These welds must transmit a lot of force. 
First, the round steel is aligned three-dimensionally at right angles with the upper angle steel edge and then welded 
on both sides. Then the two flat steels [2.3.2-4] are welded to the stud and the angle steel on both sides. Large 
forces occur here during operation 
 Here, too, care must be taken that the round steel is exactly at 90° to the L-profile [2.3.2-1] in all three directions. 
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2.3.3 Mortise joint 
 
The movement of the connecting rod is transmitted to the pump 
linkage via the 30mm connecting rod pin [2.3.2-3]. The threaded 
rod [2.3.3-3] loosely connects the piston pin to the linkage. To re-
duce the bending load on the pin and to ensure the rigidity of the 
structure, two pedestal bearings are mounted. The mounting 
holes in the bearing housings have a large tolerance. Therefore, 
the bearings can still be precisely aligned when they are screwed 
tight. 

 
 
 
 
 
 
 
 
Tools 
 

      
 17,5; 26 Metal WS 24; 36  90° 

 
Materials 
 

Pos Raw material Name Standard Dimensions Qty Material 

2.3.3 -1   Plate DIN EN 10025 250x170x10mm 1 S235 

 -2 R - 25 Flat steel DIN EN 10058 170x80x10mm 2 S235 

 -3   Threaded rod DIN 976 - A2 ∅24x200mm 1 S235 

 -4   Pedestal bearing UCP206   2 S235 

 -5   Conical grease nipple DIN 71412 AM6 2  

 -6   Hexagon head screw ISO 4017 M16x65-8.8 4  

 -7   Hexagon nut ISO 4032 M16-8.8 4  

 -8   Washer ISO 7089 16 8  

 -9   Hexagon nut ISO 4032 M24-8.8 2  

 -10   Washer ISO 7089 24 2  

 -11  sheet  50x50x3 1 Brass 

 
Table 17 – Bill of material 2.3.3 mortise joint  

Figure 28 – Complete Mortise joint 
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Construction  
 

1. Saw all parts to size and drill the holes. It is advis-
able to bore the threaded rod [2.3.2-3] together 
with the uppermost pipe of the rod [4.3-1].  
 
 
 
 
 
 
 
 
Adjust and secure the play of the M24 screw connection of the piston rod with the trunnion connection. Be-
tween the washer [2.3.3-10] of the upper nut and the plate [2.3.3-1] loosely mount the brass bearing plate. The 
two M24 nuts are not tightened. A gap of 1/10mm should be set. Nevertheless, the two M24 nuts must not be 
able to loosen. They must be secured against loosening with a punch with a center punch and/or adhesive (for 
example Loctite). The M24 threaded rod must be able to rotate in the trunnion connection: Because of the rubber 
ropes that compensate for the weight of the piston rod and the trunnion joint, the piston rod cannot rotate. The 
rubber ropes are connected to each other at the mast and at the piston rod. However, the nacelle will rotate with 
changes in wind direction. Since the threaded rod is loosely connected to the trunnion joint, this rotation works. 
In this way, the rubber cables cannot then twist around the piston rod. The washer rests on the brass bearing 
plate [2.3.3-11]. Subsequently, all parts are screwed together. When tightening the two nuts [2.3.3-10], make sure 
that they are not tight. 

 
Reminder: 
The threaded rod [2.3.3-3] must not sit rigidly on the plate [2.3.3-1] and [2.3.3-11]. There should be 0.1mm of 
play. To prevent loosening or misalignment of the two nuts, they are taped or otherwise secured against loosen-
ing, e.g. by center punching between bolt and nut. 
At the top, the nut must not protrude over the edge of the nut. The connecting rod bolt must not be touched by 
the M24 threaded bolt. 
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2.4 Assembling 
 
To ensure proper operation, the crank drive must be subjected to a test. This should take place in the workshop. 
 
Tools  
 

 
  

  WS 13; 18 

 
Construction 
 
 First, the bearings [2.2.1-14] are loosely screwed to the U-profiles of the nacelle. Before the shaft is inserted, the 
bearings should be greased. This serves to protect the bearings. In order to enable smooth running when the shaft 
is inserted, it should also be greased. Then the screws and the bearings are tightened. The rear bearing on the 
crank mechanism is the fixed bearing. The following series of pictures shows the assembly of the crank mecha-
nism. 
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Finally, a functional test should be performed. To do this, simply turn the shaft. When functioning correctly, the 
linkage moves up and down smoothly. 
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3 Control unit 
 
Task of control and side flag 
The two flags of the KUKATE34 are used to control the turbine. They ensure that the turbine is optimally posi-
tioned in the wind and is turned out of the wind in the event of a storm.  
 
Cross vane 
The side flag is firmly attached to the nacelle and rotates with it. Its flag arm (2) ends at the outer edge of the side 
flag surface. This surface consists of a 1m² sheet. When viewed from the front - against the rotor - this surface 
must be seen in its entirety so that the wind can act completely on it. 
 
Control vane 
The control vane (1) measures 1m x 2m and is positioned at an angle of 45° to the wind direction. Seen from the 
front, it must also be completely visible in normal operation - angled backwards at 45 degrees. 

 

 
Function 
The cable tension created by the control weight maintains an angle of 135 degrees between the two vane surfaces 
in normal operation. The weight of the control weight determines the wind speed at which the rotor is turned out of 
the frontal wind direction. If the torque generated from the wind force on the control vane surface and the effective 
control arm length (lever arm) is greater than the weight due to the wind pressure, the vanes swing towards each 
other.  
The greater the wind pressure, the smaller the angle between the vane surfaces. When the pressure decreases, they 
swing back again until the rotor is perpendicular to the wind again and operates normally. The counterweight can be 
generated by stones in a bucket. Its mass must be determined by experimentation during commissioning. In the 
storm position, the two vanes are very close to each other. The angle between them is limited by a stop. The range 
of movement of the control vane is limited by steel cables. A mechanical spring damper in the rope, which determines 
the 135-degree angle, protects against strong shocks when the vane angle reaches 135 degrees again after regula-
tion.  
 
Safe regulation 
In this way, the rotor turns more or less automatically out of the wind when the wind gets stronger and is only blown 
at an angle of approx. 25 degrees in a storm. Then the laminar flow at the rotor blades has long since broken off and 
the KUKATE34 is thus protected from too great a load. 
Should the control cable break, the flags automatically swing into the protective storm position. This is an automatic 
safety device. 

  

Figure 29 – Complete control unit 
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3.1 Control vane 
 

The control vane consists of a frame (the 
vane arm), a vane and hinges. The figure 
shows the overall structure of the control 
vane.  
The frame of the control vane is 3.6m long. 
The outer struts, as well as the cross struts 
are made of tubes. The cross strut at the end 
of the flag is made of an L-profile. This en-
sures a better connection between the frame 
and the flag. 
 
The flag is made of a 1.5mm thick steel sheet 
or 2mm thick aluminium sheet. The sheets of 
the flags are bent 90degrees on the side edges for aerodynamic reasons and to increase the strength. Sheet 
metal and flag frame are screwed together. 
 
The control vane of the KUKATE34 is attached to the nacelle with two sliding bearing hinges. The hinges consist 
of two plain bearing bushes and two brass or bronze thrust bearings, which absorb the weight force. The bearing 
of the hinges are subject to the same principle as the mast-nacelle connection from chapter 4.1.1.2. 
 

 
Tools  

   

 

 

  

 9;11;13;22 
WS 13; 16; 

18; 30 
 90°  Metal 

 
  

Figure 30 – Complete control vane 
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Material 

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

3.1 -1 R - 28 L-Profile DIN EN 10056-1 30x30x3x985mm 1 S235 

 -2 R - 22 L-Profile DIN EN 10056-1 50x50x5x200mm 2 S235 

 -3 R - 22 L-Profile DIN EN 10056-1 50x50x5x100mm 2 S235 

 -4 R - 21 U-Profil EN 1026 U50x45mm 2 S235 

 -5 R - 30 Pipe DIN 2448 33,7x3,6x3900mm 2 S235 
 -6 R - 30 Pipe DIN 2448 33,7x3,6x586mm 3 S235 
 -7   Pipe DIN 2448 48,3x7,1x100mm 2 S235 
 -8   Pipe EN 12449 28x3,1x100mm 2 Brass 
 -9   Pipe EN 12449 21x2,5x100mm 2 Brass 
 -10 R - 29 Flat steel DIN EN 10058 20x3x2300mm 1 S235 
 -11 R - 31 Sheet EN AW 5754 2000x1000x2mm 1 Aluminium 
 -12   Hexagon head screw DIN ISO 4017 M8x25-8.8 3  

 -13   Hexagon head screw DIN ISO 4017 M8x55-8.8 7  

 -14   Hexagon nut with torque part DIN EN ISO 7040 M8-8.8 10  

 -15   Washer ISO 7089 8 13  

 -16   Hexagon head screw DIN ISO 4017 M12x35-8.8 6  

 -17   Hexagon nut with torque part DIN EN ISO 7040 M12-8.8 6  

 -18   Washer ISO 7089 M12 12  

 -19   Washer ISO 7089 20 2  

 -20   Hexagon head screw DIN EN ISO 4014 M20x120-8.8 2   
 -21   Hexagon nut with torque par DIN EN ISO 7040 M20-8.8 2   
 -22   Sheet EN 1652 50x50x3mm 2 Brass 
 -23 R - 29 Flat steel DIN EN 10058 20x3x1420mm 1 S235 
 -24   pulley     1   
 -25   bow shackle verzinkt   2   
 -26   Swivel shackle verzinkt   1   
 -27   Wire     1   
 -28   Eyelet DIN 6899   2   
 -29   Bucket     1   
 -30   Shock absorber     1   
 -31 R - 29 Flat stell DIN EN 10058 40x5x120mm 1 S235 
 -32 R - 29 Flat steel DIN EN 10058 20x5x150mm 1 S235 

 
Table 18 – Bill of material 3.1 control vane  

Kommentiert [PD4]: Die Abb. müssen aus Clemens BA 
genommen werden und auf die folgenden Seiten eigefügt 
werden. 
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Construction 
 

1.  Manufacture joints / hinges of 
the control vane. 
After all components have 
been brought to size, the tube 
[3.1-7] is welded to the U-sec-
tion [3.1-4], inside the U-sec-
tion and outside the U-section. 
Since the control vane is sup-
ported twice, the construction 
must be manufactured twice 
accordingly. 
 
Then drill the L-profile [3.1-3] 
and weld it to the U-profile. It 
must be ensured that the 
mounting distance between 
the hinges is exactly main-
tained. Only in this way can 
both thrust bearings bear the weight of the control vane evenly! 
 
 

2. Insert the bearings and glue the sleeves. 
Then insert the brass bearings. Insert the two brass tubes [3.1-8] and [3.1-9] into the tube [3.1-7] and glue them 
there.  
 
Now both bearings are connected to the nacelle frame [2.2] and the hinge screws are secured against rotation.  
Mounting is done with M20 [3.1-22] screws. When mounting, the brass plates [3.1-19] are used to improve the 
bearing. The screws [3.1-22] are fixed with a flat bar [3.1-38] in such a way that twisting is not possible, but the 
screw can still be removed upwards. 
 
 

 
 

 
The hinge screw must not rotate in the angles [2.2.-7 and 2.2.-10] of the nacelle frame.  
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The holes in the angles would enlarge due to friction and 
the flag would fall off. 
 
 
 
 
Possible positioning of the flat bars [3.1-38] for screw lock-
ing in the illustration. 
 
 
 
 

 
3. Control vane arms Drill, screw and align parts. 

Next, the tubes [3.1-5] must be adapted to the bearing. To do this, first drill the L-sections [3.1-2] and weld them 
exactly aligned to the tubes. Make sure that the holes are uncovered and that there is enough space for screw-
ing. Then both tubes [3.1-5] are screwed to the L-profiles [3.1-3] of the bearing and aligned.  
To prevent stresses during operation, the tubes must be aligned at right angles to the nacelle. Then the L-section 
[3.1-1] is spot-welded at right angles to the end of the two tubes. Now it should be checked once again whether 
the construction is right-angled.  
 

 
Position, align and weld cross struts. 
 
The ease of movement of the bearing must also be checked by swiveling the tubes back and forth. The tubes [3.1-
6] serving as cross struts must also be spot-welded. Then loosen the bolted connection between the two L-sec-
tions [3.1-2] and [3.1-3]. The frame is finished diagonally on the workbench with short welding intervals. 
 
 

4. Edge control vane plate 
The sheet [3.1-11] made of steel or aluminum is first bent at the outer two ends by 20 mm at 90 degrees. 
 

Marking and drilling of the sheet. 
After the sheet is edged, you need to 
drill the holes.  
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5. Drilling the flag arm tubes 
After the sheet metal has been drilled, it can be screwed onto the frame. For this purpose, the sheet metal is 
placed on the frame as a template and the holes for the flag can be drilled into the frame.  
 

 
 
 

6. Screwing the control vane plate to the arm 
After the holes have been drilled, the frame can be screwed to the control vane plate. For this purpose, short 
screws [3.1 - 12] are used on the L-section and the longer screws [3.1 -13] on the tube.  
In order to reduce corrosion, silicone strands can be applied to the contact lines  

• between sheet metal and tube and  
• between the angle and the surface. 

 
 

7. In the last step, weld the diagonal brace [3.1-10] to the frame. Make sure that it runs downwards from the upper 
nacelle support to the control vane. 
 
This illustration shows the control vane from the rear side. When mounted, it is rotated 180 degrees. 
 After mounting the sheet metal, the entire control vane must be painted. 
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3.2 Cross vane 
 
Control description 
 
The side vane of the KUKATE34 is a component of the mechanical safeguard. This safeguard serves to protect the 
rotor during high wind speeds or storms.  
At high wind speeds, the force of its torque is greater than the weight force holding the control vane in its home 
position. 
 
The weight is lifted and the control vane moves towards the side vane.  
The nacelle with the rotor is turned out of the wind. The rotor is blown sideways by the wind. The rotor power 
decreases. 
 
The side vane swivels towards the control vane. The spacer (3) is held in a certain position. In this position (storm 
position), the side vane, control vane and rotor surface are almost parallel in the wind direction. The rotor is blown 
at a very oblique angle and thus has little resistance. 
 
As soon as the wind force on the vane surfaces decreases, the side vane - pulled by the control weight - swings 
into the starting position. The rotor is again blown frontally by the wind. Operation of the pump is resumed. The 
size of the counterweight determines the wind speed at which the side vane swings the rotor out of the wind.  
 
The cross vane surface (1) must be installed laterally next to the rotor. In this way, the side vane surface is com-
pletely blown by the wind. The functionality of the mechanical control is thus guaranteed. The side vane frame 
positions the vane surface next to the rotor. 
 
In normal operation, the vane is aligned with the frontal wind flow. The torque generated by its drag is compen-
sated by the torque of the completely swung-out control surface. 
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Tools 
 

   

 

 

  

 9;11 WS 13; 16  90°  Metal 
 
 
Material  

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

3.2 -1 R - 28 L-Profile DIN EN 10056-1 40x40x4x3300mm 1 S235 
 -2 R - 28 L-Profile DIN EN 10056-1 40x40x4x3400mm 1 S235 
 -3 R - 28 L-Profile DIN EN 10056-1 40x40x4x424mm 3 S235 
 -4 R - 28 L-Profile DIN EN 10056-1 40x40x4x1000mm 1 S235 
 -5 R - 28 L-Profile DIN EN 10056-1 40x40x4x280mm 2 S235 
 -6 R - 28 L-Profile DIN EN 10056-1 40x40x4x207mm 2 S235 
 -7 R - 28 L-Profile DIN EN 10056-1 40x40x4x685mm 1 S235 
 -8 R - 28 L-Profile DIN EN 10056-1 40x40x4x1450mm 1 S235 

 -9 R - 29 Flat steel DIN EN 10058 20x3x1920mm 1 S235 

 -10 R - 31 Sheet EN 10051 1x1000x1000mm 1 Aluminium 

 -11   Hexagon head screw DIN ISO 4017 M10x20-8.8 14  

 -12   Hexagon head screw DIN ISO 4017 M10x30-8.8 8  

 -13   Hexagon nut with torque part ISO 7040 M10-8.8 22  

 -14   Washer ISO 7089 M10 44  

 -15   Hexagon head screw DIN ISO 4017 M8x30-8.8 1  

 -16   Hexagon nut with torque part ISO 7040 M8-8.8 4  

 -17   Washer ISO 7089 8 8  

 -18 R - 28 L-Profile DIN EN 10056-1 40x40x4x685mm 1 S235 
 -19 R - 28 L-Profile DIN EN 10056-1 40x40x4x220mm 2 S235 
 -20   Wood   25x40x685 1 Hardwood 
 -21   Hexagon head screw DIN ISO 4017 M8x50-8.8 3  

 -22 R - 29 Flat steel EN 10278 20x3x120mm 1 S235 

 -23 R – 29  Flat steel EN 10278 20x3x850mm 1 S235 
 

Tabelle 19 - Stückliste 3.2 Seitenfahne  

Kommentiert [PD5]: Bitte die Tabelle Formatieren. 
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Construction 
 

1.  Construction of the side flag arm 
First, all components are sawed and drilled. Then align the longitudinal struts [3.2-1, 3.2-2] in parallel and insert 
the cross struts [3.2-3]. Likewise, make sure that the longer longitudinal strut [3.2-2] is mounted to the lower 
nacelle support. 
Now the individual struts are first spot welded and then finish welded. Then turn the frame by 180 degrees to lay 
out and weld the diagonal strut. Note that the strut [3.2-9] runs from the top of the nacelle down to the vane. 
 

 
2. Mounting and adjusting the diagonal braces between the nacelle and the arm. 

 In the next step, mount the frame to the nacelle [2.2]. Likewise, screw the L-profile [3.2-8] to the gondola and 
align it so that it can be welded to the upper L-profile [3.2-1] of the flag frame. 
 

The flat bar [3.2-23] is positioned on top of the strut [3.2.-8] at half its length. It is welded there and at its lower 
end to the second cross strut [3.2-2].  
After all welded joints are finished, the frame should be removed from the nacelle again. 
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3. Cut and deburr side flag plate. 

The sheet metal for the side flag of the KUKATE34 [3.2 - 10] is a 1mm 
thick steel sheet or a 2mm thick aluminum sheet, with the dimensions 
1m x 1m. It must be deburred at the sharp edges and rounded at the 
corners. This reduces the risk of injury. 
 
 
 
 
 
 
 

4. Drill and mount 

To drill the sheet and the rack, the rack is placed on the sheet and aligned. The holes are then drilled through the 
rack into the sheet metal. The screws can then be inserted and tightened. For the front center L-section, M10x30 
screws [3.2 - 12] must be used. The rest is tightened with M10 x20 screws [3.2 - 11]. 

To reduce corrosion, silicone strands can be applied to the contact lines between the angle and the surface and 
around the screw holes before screwing. The sheet is painted after assembly to protect it against corrosion. 

 

5. Fabricate spacer 

 The last step is to fabricate the spacer (stop) between 

the control vane and the side vane. To do this, insert 

the L-section [3.2-3] between the longitudinal struts 

of the side vane, set it upright and spot-weld it. Then 

place the L-sections [3.2-6] at right angles and spot-

weld them as well. Then weld the L-section [3.2-7] to 

the cross struts [3.2-6]. It is important to align the stop 

so that the control vane does not hit the screws when 

it is struck. 

The arm of the side vane should hit the complete 

width of the wooden beam [3.2-20] in the storm posi-

tion. Therefore, the profile of the wooden beam 

should be planed at an angle for this purpose. After 

painting the arm and the stop, the wooden beam [3.2-

20] is screwed.  
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4 Pump 
 
 Introduction to the piston pump 
The piston pump for the operation of the KUKATE 34K at is a single-
acting reciprocating pump. The pump is placed in the drilled well be-
low the water level. The pump is therefore a submersible pump. The 
water does not have to be sucked in, as the pump is located below 
the water level. 
 
Construction 
The figure shows the basic design of a reciprocating pump. The pump 
is embedded in the drilled well and the piston is located below the 
water level in the well. The piston is connected to the crank mecha-
nism of the rotor by a linkage which runs in the mast and riser pipe. 
The pressure valve is located in the piston. The piston is sealed to the 
cylinder wall by gaskets. At the lower end of the cylinder is another 
valve (foot valve) which, when closed, closes the opening between 
the well and the cylinder chamber. 
 
Function 
Above the piston is water, which exerts a pressure on the surface of 
the piston and valve. As a result, the valve is closed so that the water 
above the piston is lifted by the stroke movement of the piston. The 
water is forced out of the outlet via the riser.  
 
Meanwhile, water flows into the cylinder chamber through the open 
foot valve. At top dead center (TDC), which represents the top rever-
sal point of the piston, the downward movement of the piston begins. With the valve open, the valve piston is 
moved by the water in the cylinder. The foot valve is closed during this process. The water in the cylinder flows 
through the piston valve into the upper cylinder chamber. 
 
When the piston reaches bottom dead center (BDC), the direction of piston movement reverses and the stroke 
movement starts again. Due to the pressure exerted on the piston by the water mass above it, seals between the 
piston and the cylinder wall often become damaged. On the KUKATE 34K, the piston and piston linkage can be 
easily removed. The seals are made of leather and can be easily made and replaced by the customer.  
Tubular piston pumps have an external seal, which is designed as a stuffing box. The advantage of our reciprocat-
ing pump KUKATE34K is that we can achieve flow rates from 10m depth of 1liter per second at approx. 6m/s wind 
speed even at low speeds. 
 
Only at high heads do the leakage losses of the pump due to defective seals and delayed valve closure become 
noticeable. This is also shown in the figure, which illustrates the basic pump characteristic curve of a piston pump. 
As a result of increased leakage losses at high heads (H), the pump curve shows a slight curvature in the direction 
of lower flow rates (Q).  
 
One disadvantage of the reciprocating pump is that all the pumping work is done when the piston rises. This leads 
to out-of-round running and to large dynamic forces during the upward movement of the piston. With the 
KUKATE34, the force required at piston rise is reduced by pretensioned springs or rubber bands which are clamped 
between the mast structure and the piston rod, and at the same time smooth running of the pump is achieved. 
The springs or rubber bands are tensioned when the piston goes down and thus support the pumping process 
when the piston goes up. 
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4.1 Pipe system 
 
The tube system of the KUKATE34K also serves as a cylinder for the piston of the reciprocating pump. It is com-
posed of several pipe sections. These are connected with flanged joints. Therefore, transporting the pipe system, 
which is 10.7 meters long in total, is easy. Installation in the drilled well is simple with the wind turbine in place. 
The pipe system is constructed from PVC-U pipes and fittings. The material has very good mechanical properties 
and is therefore suitable for use in groundwater production.  
 
In addition, the processing of the pipe parts is very simple due to the adhesive technology. PVC adhesive is used 
as the adhesive. This dissolve the surfaces of the parts to be joined and creates a firm bond between the parts 
through the outgassing of the solvent. This process is also known as swelling welding. The bonded joint then has 
the same properties as the original material.  
The individual areas of the pipe system are described below. 
 

4.1.1 Strainer 
 
The suction strainer represents the inlet opening for the well water into 
the pump. It serves to keep coarse impurities away from the pump. The 
suction openings are covered with screens. The total free cross-sectional 
area of the screen openings is at least four times the cross-sectional area 
of the suction pipe. This keeps the suction resistance low even in the event 
of partial blockage. 
The suction strainer can be improvised: 
 
The strainer must have the following design features: 

• It is attached to the bottom of the pump pipe. 

• Its diameter must be smaller than that of the well pipe. 

• Its material must be corrosion-resistant and mechanically stable. 

• The suction strainer must not noticeably obstruct the water flow-
ing into the pump cylinder. 

 
 

 
Tools 
 

   

 
 

 

 8;10 WS 13; 16 Metal Metal 

 

Material 

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

4.1.1 -1   loose-type flange DIN 8062   2 PVC 
 -2 R - 2 floor grid EN AW 5754 160x750x2mm 1 Aluminium 
 -3 R - 2 floor grid EN AW 5754 220x220x2mm 1 Aluminium 
 -4   threaded rod DIN 976 M10x560 mm  2   
 -5   hex nut DIN EN ISO 4032 M10-A2-8.8 8   
 -6   washer DIN EN ISO 7091 10-A2 8   
 -7   hex nut with torque part DIN EN ISO 7040 M10-A2-8.8 4   
 -8   flat-head screw DIN EN ISO 7049 St5,5x13-A2 24   

Table 20 – Bill of material 4.1.1 strainer 

  

Figure 31 – Complete strainer 
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Construction 
 

1. Cut lattice plate to fit and screw together 
To begin with, the bottom grid [4.1.1-3] is cut out of [R-2]. 
The flange can be used as a template for this. The flange is 
placed on the grid and the outline is traced. Now the disk 
is cut out of the grid. 
The two holes for the threaded rods can be drilled in the 
grille. It is important that the selected holes are aligned. 
 The grille is placed on the flange and fastened with 6 
screws [pos. 4.1.1-8]. The holes should be pre-drilled with 
a small drill. 
 
The grille is placed on the flange and fastened with 6 screws [pos. 4.1.1-8]. 
The holes should be pre-drilled with a small drill. 
 
 

 
 
2. Assembly of the mesh basket 
Next, the two flanges must be assem-
bled. To do this, the threaded rods are 
fastened to the lower flange. As the il-
lustration shows, four nuts must be used 
per threaded rod. This ensures that the 
nuts secure each other and cannot come 
loose. 
 
 
 
 
 
 
 
 

 
 

3. Mount the sieve frame on the perimeter of the suc-
tion strainer 
The sieve frame, fixed with the threaded rods, is placed 
on the bottom grid [4.1.1-2]. Both ends of the sieve are 
screwed to the two flanges with flat-head screws 
[4.1.1-8].  
Now the sieve frame can be rotated over the work sur-
face with the grating plate resting against the outer 
surface of the flanges. Every 90 mm, the bent mesh 
plate is fixed in the flanges with a screw [4.1.1-8]. 
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4.1.2 Foot valve 
 
 The foot valve is located directly above the strainer and 
consists of a valve plate, a flexible rubber plate and a valve 
plate, as shown in Figure 32. The parts are connected to 
each other by three screw connections. The foot valve is 
used for the flow of the pumped liquid from the suction 
area into the cylinder, in which the piston performs its up 
and down movement. During this movement, the flexible 
rubber plate must close when the piston goes down, so that 
the water cannot flow back into the suction strainer out-
side the piston. When the piston moves upward, the rubber 
bands and releases the flow area through the foot valve 
plate. The water flows into the free cylinder area below the 
piston.  
 

Werkzeug 

   

 

  

 4;5;10 WS 8 Metal Metal Chisel 

 

Material 

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

4.1.2 -1 R - 1 Piston crown DIN EN 573-1 220x220x10mm 1 Aluminium 

 -2 R - 3 Sheet DIN EN 573-1 90x14x4mm 1 Aluminium 

 -3 R - 4 Plate   80x80x2mm 1 Rubber 

 -4   Hexagon head screw DIN EN ISO 4017 M5x35-8.8 3   

 -5   Washer DIN EN ISO 7092  5 6   

 -6   Hexagon nut with torque part DIN EN ISO 7040 M5-8.8 5   
Table 21 – Bill of material 4.1.2 foot valve 

Construction 
 

1. Sawing / drilling the aluminium plate 
At the beginning, the aluminium plate is also [4.1.2-1] sawn 
into a disc with the diameter of 220mm. After that, the disk is 
filed with a file. The 8 holes are drilled with an 18mm drill bit. 

 
 
 
 
 

2. The inner four recesses are drawn first. Then it is 

recommended to drill several holes close to each other 

with a 4mm - 6mm drill bit. Make sure that the holes do 

not touch the drawn line. Then, using a flat chisel and a 

hammer, punch out the ridges between the holes and 

file the four inner contours. Finally, the 3 holes are 

drilled. You can also saw out the four recesses with a 

jigsaw.  

Figure 32 – Complete foot valve 
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3. Prepare rubber plate 

The rubber on the right is cut to a diameter of 90mm and 
the 3 holes are drilled with a 5mm drill. It is useful to use 
the plate [4.1.2-1] as a template. 
 
 
 
 
 
 
 

 
4. The aluminum bar is the last component of the 
foot valve to be manufactured. It is sawn, filed and 
then provided with 3 holes.  
It is also advisable to use the aluminum plate [4.1.2-
1] as a template. This has the advantage that the 
holes of all three components are aligned. 
 
 

It is important to provide the lower two edges of the aluminum sheet with a radius of at least 3mm. Then the 
valve plate will not bend over a sharp edge during each pump stroke.  
 
 

5. Assembly 
Finally, the foot valve is assembled.  
For this purpose, the piston head [4.1.2-1], the rubber plate [4.1.2-3] and the aluminum plate [4.1.2-2] are placed 
on top of each other and fastened with the screws [4.1.2-4], washers [4.1.2-5] and nuts [4.1.2-6]. 
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4.1.3 Outlet 
 
The outlet area consists exclusively of PVC-U pipes and fittings, 
which are glued together. In the lower area of the outlet, a flange 
forms the connection to the pipeline. This is screwed to the upper 
flange of the pipeline via a sealing ring. The upper fixed flange is 
glued to a 0.7m long pipe, which is provided with a cross piece at 
the upper end. 
At the upper end of the crosspiece, a short pipe forms the connect-
ing element between the fixed flange and the crosspiece. A cross-
sectional constriction is glued to one of the two sides of the cross-
piece, which, together with the connected pipe bend and a hose 
nozzle, narrows the line to a diameter of d = 25mm. 
By means of a hose clamp, a hose di = 40mm can be attached to the 
outlet of the pump. The outlet is located at a height of h = 0.6m 
above the floor, so that a bucket can be placed under it without any 
problems. The other side of the cross piece offers the possibility of 
a further outlet. In the illustration, this is closed with a sealing cap.  
 
Before bonding, the surfaces must be degreased and cleaned. 
(spirit, gasoline) 
Bonding must be done quickly and without stopping. The bonding 
can no longer be removed. 
 
Alternatively, the cross piece can also be replaced by a T-piece if 
only one outlet is required. 
 
The entire pipe system of the KUKATE34K can also be designed with 
other pipes if the standardized PVC pipe system selected by us is not available. The inner surface of the pipes must 
be very smooth in the area of the piston stroke. There the pipe surface forms the cylinder wall of the pump. 
 
However, the piston diameter should not be smaller than 100mm. If it is 120mm, for example, you would have to 
reduce the stroke at the eccentric by approx. 40% (since the piston area is then 44% larger). Care must be taken 
to ensure that the rubber valve flaps do not flap on too large flow cross-sections in the cylinder base and piston 
(recesses or holes). They will then break down sooner. 
 
  

Figure 33 – Complete outlet 
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Werkzeug 
 

   
 Glue Metal 

 

Material 
 

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

4.1.3 -1 R - 5 Pressure pipe DN 100 DIN 8062 730mm 1 PVC-U 

 -2 R - 5 Pressure pipe DN 100 DIN 8062 130mm 2 PVC-U 

 -3   Crosspiece DN 100 DIN 8062   1 PVC-U 

 -4   Narrowing DN 40 DIN 8062   1 PVC-U 

 -5   Round arch DN 40 DIN 8062 90° 1 PVC-U 

 -6   Hoze nozzle DN 40 DIN 8062   1 PVC-U 

 -7   cover DN 100 DIN 8062   1 PVC-U 

 -8   Fixed flange DN 100 DIN 8062   2 PVC-U 
Table 22 – Bill of material 4.1.3 outlet 

 
Contruction 
 

1. Sawing pipes and bonding them with 
flanges 
At the beginning, the tube [R-5] is to be 
sawn into 3 parts. The two required pres-
sure pipes [4.1.3-1] and [4.1.3-2] are cre-
ated from this. 
 
 
 
 
 
 
 
 

 
2. Now the spout is assembled.  
 
• The adhesive surfaces should be 

roughened with sandpaper be-
forehand.  

• Then clean the surface.  
• Then apply the glue and mount 

the frame. 
 
Allow the entire assembly to rest for 24 
hours. 
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4.1.4 Cover 
 
The cover forms the upper termination of the pipe system and con-
sists of a conventional PVC-U blind flange and a piece of wood, which 
are screwed together. The wooden block is sawn into two parts dur-
ing production. This simplifies installation and maintenance. At the 
same time, it serves as a sliding bearing for the rod, which performs 
up and down movements in the center. 
 
 

Tools 

    
 

 8 
Metal 
wood 

WS 13  

 

Material 

Pos   
Raw mate-

rial 
Name Standard Dimensions Qty Material 

4.1.4 -1   Blind flange DN 100 DIN 8062   1 PVC-U 

 -2   Hardwood block   45x130x40mm 2 wood 

 -3   Wood screw DIN EN ISO 7050 5,5x45mm 4   

 -4   Threaded rod DIN 976 - A2 M8x120mm 2   

 -5   Fender washer DIN 9021 - A2 M8x25 4   

 -6   Hexagon nut with torque part DIN EN ISO 7040 M8-A2-8.8 12   
Table 23 – Bill of material 4.1.4 cover 

 

Contruction 
 

1. Drilling and sawing wood storage 
To begin, saw the block of wood to dimensions. After that, the 
side holes are drilled with an 8mm drill. Then the wood block is 
sawn through in the middle. After that, the 30mm hole is drilled. 
Attention: 
This center 40mm sleeve bearing hole must closely surround the 
smooth piston rod as a fit. 
If the water is to be pumped into, for example, a 1.5m high res-
ervoir, the bearing must be as tight as possible  
or you must extend the pipe section [4.1.3-1] according to the 
pumping height. 
 
 Here, instead of wood, you can choose, for example, PVC or another plastic block. 

 
 
2. Drill screw holes 

Now drill the Ø8mm holes in the blind flange as well. Make sure that the 
center hole of the wooden block is centered on the flange. The wooden 
block can be used as a template.  
 
 
 
  

Figure 34 – Complete cover 
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3. Finally, the two components are screwed to-
gether. The wood screws [4.1.4-3] are not vis-
ible from above. 
 
 
 
 
 
 

4.1.5 Pipe System 
 
 
The piping of the KUKATE34K forms the riser pipe for the water and connects the inlet area (suction strainer) with 
the outlet area. It also serves as a cylinder for the piston. The pipeline with a total length of l= 9.52m consists of 3 
segments which are connected by flange joints. This is necessary to enable transport to the installation site and 
assembly in the mast. 
The individual pipe segments are connected by bolting the fixed flanges, which are glued to the pipes at the re-
spective ends. In the process, the flange gasket is placed between the fixed flanges. It must be ensured that the 
pipes cannot move at the joints so that the piston can be inserted and removed without any problems.  
For this reason, the PVC flange of pipe segment 1 is not pushed flush onto the pipe on one side but is glued in 
such a way that the pipe protrudes a little from the flange. On pipe segment 2, the flange is glued to the pipe on 
one of the two sides in such a way that the pipe ends inside the flange and has a distance to the flange surface. In 
this way, the protruding tube of segment 1 can be inserted into the flange of segment 2 and a crescent-shaped 
displacement of the tubes can be excluded. The same procedure must be followed for all other connections. The 
length of the segments is determined by the depth of the well. In these instructions, a water depth of 9.52 m was 
assumed, as this corresponds to the depth of the test installation. Accordingly, the length must be adjusted indi-
vidually. 
 

 
Figure 35 – Complete pipe system 

 

Tools 
 

   

 

 Kleber Metall SW 24 

 

Material 

Pos   
Raw mate-

rial 
Name Standard Dimensions Qty Material 

4.1.5 -1 R - 5 Pressure pipe DN 100 DIN 8062 3000mm 3 PVC-U 

 -2   Fixed flange DN 100     6 PVC-U 

 -3   Flange seal DN100   Ø110x4mm 3 Rubber 

 -4   Hexagon head screw DIN EN ISO 4017 M16x90-A2-8.8 32   

 -5   Hexagon nut with torque part DIN EN ISO 7040 M16-A2-8.8 32  

 -6   washer DIN EN ISO 7091 16 64  

Tabelle 24 - Stückliste 4.1.5 Rohrverbindung  
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Construction 
 
 

1. Saw tubes 
At the beginning, the 3 tubes [Pos. 4.1.5-5] are sawn to length. 
Depending on the water depth, this length must be adjusted 
individually. Make sure that the lowest pipe protrudes into the 
water. 
 
 
 
 
 
 

 
2. Glue connection between the pipes staggered in length 
Next, the flanges [Item 4.1.5-2] are glued to the pipes. The 
figure shows the places to be glued. Make sure that the pipe 
ends protrude 14mm on one side and the flange protrudes 
16mm on the other side. This ensures that the tubes and the 
flange gaskets [Item 4.1.5-3] are aligned during subsequent 
assembly. Only then can the piston be pushed through the 
entire length of the pipe. 
At the end of the entire pipe, the flanges are glued flush with 
the end flanges. 
 
 

 
 
 
 

3. Assembly on site 
 Finally, the pipe segments are assembled. It is recommended to assemble this only at the place of use.  
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4.2 Disc piston 
 
The valve piston of the pump is a disc piston. It consists of two 
piston heads, between which the leather package is clamped 
as a seal to the pipe. The valve rests on the valve base of the 
piston and consists of a flexible rubber plate. This is attached 
to the piston via a valve plate. The piston heads consist of two 
aluminum plates of equal size. To prevent contact between 
the piston heads and the cylinder wall, they are smaller than 
the inside diameter of the PVC tube.  
In addition to the holes used for fastening, the upper piston 
head is provided with holes which form the flow cross-section 
through the valve head. The holes are arranged in such a way 
that the flow cross-section is as large as possible with simple 
manufacture, and at the same time there is a support surface 
for the rubber plate between the openings. Because of the 
great weight of the water column bearing down on the valve, 
the holes must not be made too large. Otherwise, the weight of the water would push the valve plate in through 
the openings.  
The bottom of the piston is used to secure the leather pack, which is sandwiched between the two piston bottoms. 
This is provided with 2 large crescent-shaped openings so that as few losses as possible occur when the pumped 
medium flows through. 
The leather pack is located between the piston crowns and serves as a seal between the piston and the cylinder 
wall. The leather pack consists of alternating leather discs and aluminum rings. The aluminum rings act as sepa-
rating discs between the leather sealing rings and have a stabilizing effect. 
 

Tools 

      

 10;7;5 Metal 
WS 8 Metal 

Leather 
 

 

Material 

Pos   
Raw mate-

rial 
Name Standard Dimensions Qty Material 

4.2 -1 R - 1 Plate DIN EN 573-1 100x100x10mm 2 Aluminium 

 -2 R - 4 Plate   90x90x2mm 1 Rubber 

 -3 R - 7 Leather seal   102x102x2mm 4 Leather 

 -4 R - 3 Sheet DIN EN 573-1 90x13x4mm 1 Aluminium 

 -5 R - 11 Sheet DIN EN 573-1 100x100x2mm 3 Aluminium 

 -6   Washer DIN EN ISO 7092 5 4   

 -7   Hexagon head screw DIN EN ISO 4017 M5x5-8.8 2   

 -8   Hexagon nut with torque part DIN EN ISO 7040 M5-8.8 2   

Table 25 – Bill of material 4.2 disc piston 

  

Figure 36 – Complete disc piston 
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Construction 
 

1.  Make different slices 
To begin with, the components 
are cut to their outer diameter. 
First roughly saw out and then file 
to size. The bar is also first sawn 
and then filed to length. The 
leather and rubber components 
are cut out exactly in a circle. 
If a lathe is available, you can 
rough saw out the discs first. Then 
clamp them tightly on a threaded 
rod M10 and then carefully turn 
them round. 
(It is then helpful to initially drill 
the 10mm hole only 9.8mm tight or if too tight 9.9mm tight so that the discs can be centered and clamped tightly 
onto the threaded rod). 
 

 
 
2. Drill holes 
The holes in the piston crowns, which are used for 
fastening, must line up exactly. Small inaccuracies 
can cause the parts to rattle during operation. For 
this reason, all components should be placed on top 
of each other and fixed when drilling the fastening 
holes and the holes should be drilled through both 
components at the same time. The center hole can 
also be drilled. 
 
 
 
 
 

 
 
 
 

3. Make recesses in the discs 
The next step is to make the 
recesses. To do this, holes are 
first drilled next to each other 
with a 5mm drill bit. After drill-
ing, the holes are hammered 
out with a hammer and chisel 
and filed to size.  
 
These openings can also be 
made with a jigsaw. 
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4. The upper aluminium plate is simply provided with holes (Ø7mm). 
The arrangement is less important, but a minimum distance of 1mm 
should be maintained between the holes. 
 
 
 
 
 
 
 

 
 
 
 

5. Finally, all components must be screwed together. 
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4.3 Connecting rod 
 
The piston linkage provides the connection between the piston and the drive unit and will have a total length of 
21m when installed. The entire linkage is prepared in this assembly. The final assembly should only be carried out 
at the place of use, as this ensures easy transport.  
 
In the event of piston downstroke, buckling may occur in the linkage due to the length as a result of the compres-
sive stress. To avoid this, disc washers are fitted to the linkage inside the pipe system. The outer diameter of the 
discs is 95mm. The disc has large openings to allow the water to flow through. Normally, the discs do not rest 
against the pipe wall. However, if there is a bend in the downward movement of the piston, the discs will contact 
the pipe wall and the rod will be supported. 
 

 
Figure 37 – Complete connecting rod 

 

Tools 

   

 

 

 

 

 8;2,6 
Metal 
wood 

WS 10 Metal  M6 

 

Material 

Pos   
Raw mate-

rial 
Name Standard Dimensions Qty Material 

4.3 -1 R - 9 Pipe DIN EN 755-7 ∅30x3000mm 7 Aluminium 

 -2 R - 8 Round profile DIN EN 755-3 ∅24x200mm 7 Aluminium 

 -3 R - 10 Pipe DIN EN 755-7 ∅40x20mm 4 Aluminium 

 -4 R - 4 Plate   35x35x2mm 1 Rubber 

 -5 R - 12 Plate   95x95x10mm 2 Kunststoff 

 -6   Fender washer DIN 9021 - A2 M10 1   

 -7   Threaded rod DIN 976 - A2 M10x140mm 1   

 -8   Hexagon head screw DIN EN ISO 4014 M6x40-A2-8.8 21   

 -9   Hexagon head screw DIN EN ISO 4014 M6x50-8.8 4   

 -10   Hexagon nut with torque part DIN EN ISO 7040 M6-A2-8.8 25   

 -11   Hexagon nut with torque part DIN EN ISO 7040 M10-8.8 1   

 -12   Hexagon nut  DIN EN ISO 4032 M10-8.8 4   

 -13   Washer DIN EN ISO 7092 10 2   

 -14  Threaded rod DIN 976 - A2 M10x60mm 1   

 -15  Eye nut DIN 582 M10 2   

 -16  rubberband     2   
Table 26 – Bill of material 4.3 connecting rod  
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Construction 
 

1. Sawing and deburring 
To begin, saw the pipes and 
rods to length.  
 
 
 
 
 
 
 

 
2. Drilling 
Next, the holes are drilled in 
the components shown. 4 
holes are drilled in 5 of the 7 
tubes [4.3-1.1] and 2 holes 
in the other two tubes [ 4.3-
1.2]. These are connected to 
the drive shaft at the upper 
end and to the piston at the 
bottom. 
 
 
 
 
 
 
 
 

 
 
 

3. Fabricate plastic spacer 
The plastic washer [4.3 - 5] is sawn 
out and filed to size.  
The rubber [4.3 - 4] can be cut out 
with scissors. The holes are then 
drilled. 
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4. Manufacture coupling piece linkage-piston 
First, the sleeve [4.3-2.1] is manufactured. It serves 
as a connecting element between the rod and the 
piston. First saw the sleeve to length. Then drill an 
8.2 mm hole from one side up to half of the sleeve 
length. An M10 thread is then cut. 
 
 

 
5. Test assembly 

One of the two end pipes [4.3-1] is now mounted with the coupling [4.3-2] and the threaded rod [4.3-7]. To do this, 

insert the sleeve into the tube so that it is flush and drill a 6mm hole (better: two holes crosswise 20mm apart - due 

to high hole reveal pressure). After the coupling has been provided with one (better 2!) screw [4.3-8] and nut [4.3-

10], it can no longer slip out of the tube. 

Next, screw in the threaded rod, put the body washer [4.3-6] and the rubber [4.3-4] on it and secure it with 2 nuts 

[4.3-12].  Kommentiert [PD6]: Bild und beschreibung passen nicht 
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5 Foundation 
 
 
 The foundation of the KUKATE34 carries 
the load of the plant. The foundation is 
sunk into the ground. As connecting pieces 
to the mast, the mast feet are screwed to 
the foundation. The screwed mast feet are 
located about 100 -150mm above the 
ground surface.  
 
In this chapter, a sleeper foundation is pre-
sented. The density of the soil depends on 
its composition and the degree of moisture. 
To increase the weight of the soil, stones 
can be buried in the soil above the wooden 
slab. 
 
The foundation consists of a foundation 
basket (1), a wooden sleeper foundation (2) 
and the backfilled soil. The foundation bas-
ket and the wooden slab are embedded in 
the earth and backfilled with soil. 
 
The diagonal braces (4) in Figure 39, which 
are parallel and opposite each other, pre-
vent the basket from warping during raising 
and lowering. They end at the top where the hinges of the mast are. 
 
 
 
The beauty of the KUKATE34 is the possible variations: 
 
Of course, a foundation of concrete is also possible. The foundation basket is then provided with a mesh of rein-
forcing steel at the bottom. After it is precisely aligned, it is poured with a concrete slab at least 0.3 m thick.  
 
After curing, soil or sand is poured onto the slab. The well pipe protrudes from the soil at least up to the frame of 
the mast. After compacting, a second clay slab can be poured on top. This guarantees clean conditions in the well 
and mast base area. 
  

Figure 38 – Complete Foundation 
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5.1 Foundation frame  
 
The figure on the right shows the foundation cage. This con-
sists of a rectangular framework. The base plates (2) for the 
mast feet are welded onto the upper edges of the framework. 
Diagonal reinforcements are attached to increase the stability 
of the foundation cage. In addition, the lower corners of the 
scaffold are provided with stiffeners. The framework, the re-
inforcements and the stiffeners are made of 50 mm L-sec-
tions. The foundation cage is mounted on the wooden plate 
with 100 mm L-sections. These angle profiles (3) are welded 
to the framework. The wooden slat is screwed to the profiles. 
 
The upper frame of the finished foundation must be abso-
lutely horizontal before erecting the KUKATE34. 
 
 
 
 

Tools  
 

   

 

 
 

 17,5; 22 Metal WS 24; 30 90°  

 

Material 

Pos 
Raw mate-

rial 
Name Standard Dimensions Qty Material 

5.1 -1   Plate EN 10051 300x300x6mm 2 S235 

 -2   Plate EN 10051 300x300x6mm 2 S235 

 -3   L-Profile DIN EN 10056-1 50x50x5x1400mm 4 S235 

 -4   L-Profile DIN EN 10056-1 50x50x5x1450mm 4 S235 

 -5   L-Profile DIN EN 10056-1 50x50x5x540mm 4 S235 

 -6   L-Profile DIN EN 10056-1 50x50x5x1000mm 4 S235 

 -7   L-Profile DIN EN 10056-1 50x50x5x700mm 4 S235 

 -8   L-Profile DIN EN 10056-1 50x50x5x500mm 4 S235 

 -9   L-Profile DIN EN 10056-1 50x50x5x1690mm 2 S235 

 -10   L-Profile DIN EN 10056-1 100x50x8x2000mm 2 S235 

 -11   Hexagon head screw DIN EN ISO 4017 M20x50-8.8 16  

 -12   Hexagon nut with torque part DIN EN ISO 7040 M20-8.8 16  

 -13   Washer DIN EN ISO 7092 20 32  

 -14   Hexagon head screw DIN EN ISO 4017  M16x50-8.8 16  

 -15   Hexagon nut with torque part DIN EN ISO 7040 M16-8.8 16  

 -16   Washer DIN EN ISO 7092 16 32  

Table 27 – Bill of material 5.1 foundation frame 

 
  

Figure 39 – Complete Foundation frame 
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Contruction 
 

1. Mast base serves as template 
The lower part of the mast is laid sideways. The lower mast frame is the template for the upper fun-dament frame. 
The base plates [5.1-1 and 5.1-2] are screwed to the mast feet. Screw the base plate [5.1-1] to the mast feet with 
hinges and the base plate [5.1-2] to the feet without hinges. The plates must be aligned exactly. 
 
Build upper foundation frame 
The L-sections must then be clamped to the base plates and spot-welded. It is important to keep sufficient dis-
tance between the holes of the base plates and the L-sections for the screw connection and the tools. The corners 
of the L-sections must be at right angles to each other. Diagonal braces [5.1-5] are installed at the corners for 
stabilization. These are first aligned and spot-welded. Then check again whether the base plates are flush with 
the mast feet. All welded joints are to be welded with short (40-50mm) seams. To prevent warping, the super-
structure is welded crosswise.  
If not already done, the holes from the mast base plates can now serve as a template for the corresponding holes 
in the foundation base plates! 
 

 
 

2. Build foundation stems and lower frame 
In the next step, longitudinal struts are placed at right angles and spot-welded. The lower cross brace rectangle is 
then fitted (the perspective has been rotated for a better overview). Again, make sure that the L-profile [5.1-1] is 
placed between the base plates of the same mast foot type (with or without hinge). The profiles [5.1-2] are to be 
welded accordingly between the base plates of the respective different base plates. After alignment, the L-sections 
are spot-welded. 

 
3. Next, insert the diagonal braces and spot weld them. Use one short [5.1-8] and one long L-section [5.1-7] per corner. 

When aligning the outer diagonal braces, the positioning must be observed urgently. Their purpose is to distribute 
the forces over the entire foundation cage when setting up the system. Accordingly, they must be aligned to the 
base plate with hinges [5.1-2].  
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4. In the last step, the L-sections [5.1-10] must be attached to 
the cage. For this purpose, they are first aligned and spot-
welded. Subsequently, all welded joints are to be welded 
with short welds (40 - 60mm). Here, too, it is important that 
the entire construction is welded crosswise..  
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5.2 Sleeper foundation 
 
In figure is shown the sleeper foundation. The wooden structure 
consists of 10 logs. 
However, this is not mandatory and can be varied 
in design. Thus, the dimensions or the number of 
logs can be designed differently.  
The only important thing here is that the support-
ing surface of the piled up earth is stable and large 
enough. Due to the U-profiles underneath, which 
are screwed to the foundation cage, the weight of 
the logs and the piled-up soil acts as a counter-
weight for the entire plant.  
In the center of the foundation there is a recess for 
the well. 
Before installation, the foundation must be well 
protected against corrosion. Damage to the corro-
sion protection must be carefully repaired. 
 
 
 
Assembly test in the workshop.  
Check that all components fit together.  
 

• The logs, wooden boards or beams must be adjusted without gaps. Their position in the frame 
must be marked and registered for the subsequent final assembly. 

• The finished welded foundation must now be connected once again to the base plates of the lying 
lower mast section. 
All screw connections must now be tested. The screwing tools must have sufficient space between 
the angles. 

• It is necessary to check whether the mast bases and the foundation plates lie on each other with-
out gaps.  
Gaps must not be larger than 10mm. 

 

Tools 

    
 

 

 
5; 17 Metal 

wood 
 90°  

 

Material 

Pos Rar material Name Standard Dimensions Qty Material 

5.2 -1   U-Profile EN1026 U120x2500mm 2 S235 

 -2 R - 25  Flat steel DIN EN 10058 220x80x10mm 4 S235 

 -3   Plate EN 10051 400x120x10mm 4 S235 

 -4   L-Profile DIN EN 10056-1 50x50x5x100mm 8  

 -5   Wooden weights   250x2500mm 10 Hardwood 

 -6   Wooden weights short   250x1050mm 4 Hardwood 

 -7  Wood screw DIN 571 10x80mm 8  

Table 28 – Bill of material 5.2 sleeper foundation  

Figure 40 – Complete sleeper foundation 
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Construction 
 
 
 
 
 
 

1. Weld plate girder  
After all the components are cut to size, weld the plates [5.2-2] 
to the ends of the U-profile [5.2-1]. This construction is required 
twice. 
 
 
 
 
 

2. Connectors sawing, drilling, welding 
 Next, the connectors from the plate girders to the foundation cage are built. Using screw clamps, the plates [5.2-
3] are fixed to the lower mast brackets [5.1-10] to match the holes. 
Alternatively: You can also drill the four holes at the top of [5.2-3] already and immediately bolt the plates to the 
lower mast brackets.  
Then align the short connecting brackets [5.2-5] between the clamped connecting plates [5.2-3] and the girder 
[5.2-1] and spot-weld them. For the time being, the plate [5.2-3] is only placed between them so that the distance 
between L-sections is correct. The connecting plates must now be removed in the meantime before welding the 
L-sections because the angle sections [5.2-5] must be welded around the entire circumference. Then the plates 
[5.2-3] are drilled. Now the connecting plates are screwed to the lower L-sections of the mast [5.1-10], positioned 
and welded to the short angles.  

 
 

3. The last step is assembled at the installation site. However, it is advisable to assemble this step in the workshop 
beforehand to check whether all components fit together.  
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6  Final assembly 
 
This section describes the final assembly of the 
KUKATE34. This can also be done in other suitable 
ways.  
The construction of the sleeper foundation recom-
mended here is possible practically anywhere in the 
world.  
The beauty of the KUKATE34 is the possible variations: 
Of course, a foundation made of concrete is also pos-
sible. The foundation cage is then provided with a 
mesh of reinforcing steel at the bottom. After it is pre-
cisely aligned, it is filled with a concrete slab at least 
0.3 m thick. After hardening, soil or sand is poured 
onto the slab. The well pipe protrudes from the soil at 
least up to the frame of the mast. After compacting, a 
second 20cm thick concrete slab, also reinforced with 
reinforcing steel, can be poured on top. This guaran-
tees clean conditions in the well and mast base area. 
 
However, before the equipment is erected, all as-
semblies must be painted with anti-rust paint. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tools 

 

 

  
 

  Wood WS 90° 

 
 
 

Pos Name Criteria Qty Material 

6 -1 Rope 60mmx30m, 3 rotated 3 times 2 Natural hemp 

 -2 Grease For drilling     

 -3 Pulley min.3000N carrying capacity 1  

 

-4 Paint Rustproof, weatherproof 
2Kg RAL6038(Grün), 
1Kg RAL1016(Gelb), 
1Kg RAL5015(Blau) 

 
Table 29 – Bill of material 6 final assembly  

Figure 41 - KUKATE 34 final assembly 
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Construction 
 

1. Produce, pipe and align wells 
In the center of the footprint, drill, flush or dig a sufficiently deep 
well before or after excavation.  
For the foundation, dig a square hole with dimensions 
2700x2700x1200mm.  
After that, a well pipe with an inner diameter of 250mm to a max-
imum of 500mm, prepared in a suitable way for the water inflow 
at the bottom, is to be sunk into the groundwater as deep as nec-
essary and fixed in the center.  
It must be ensured that the system in this application is designed 
for a pumping height of up to 10m lifting height. 
Sufficient water volume capacity at the bottom of the well must 
be ensured by perforating the well casing, grid inserts or similar.  
The well pipe must be designed so that it protrudes at least 
100mm from the ground at the top. It is particularly important that the pipe is aligned vertically. 
 
 

2. Mount and position foundation 
The next step is to build the foundation of the KUKATE34. Follow the sequence shown in the illustration. First, 
align the U-profiles [5.2] horizontally on the foundation base and cover them with the wooden planks [5.2-5]. 
Then screw the foundation frame [5.1] to the plates [5.2-3] inserted between the wooden planks by the U-profiles 
below. Carefully align and fix the entire foundation again. At this point in the setup, it is especially important that 
all four sides are laid out horizontally, as the alignment affects the entire system. 

 
 

3. Filling the shaft 
Next, fill the excavation area. Earth or sand (also with large stones) can be used. However, special care should be 
taken to compact the backfill as best as possible every 15cm - 20cm - without changing the horizontal alignment of 
the top four slabs. 
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4. Mounting the pump 
In the next step, screw the pipes [4.1.5], the foot valve [4.1.2] and the suction strainer [4.1.1] together.  
The piston [4.2] and the bearings [4.3-5] are to be mounted on the pump rod [4.3]. Before these are lowered 
into the well pipe, check whether the piston and rod can be moved up and down smoothly in the well pipe.  
After that, the following sections of the rodding with the mounted support discs [4.3-5] are to be let into the 
well pipe. 
Particular care should be taken to ensure that this structure does not slip into the well. It is important to secure 
the pipes and the rod against falling in. 

 
 

5. Next, screw the lower mast segment [1.1] to the foundation through the mast feet with hinge [1.3]. After that, 
mount the middle and upper mast segments. The entire mast is to be supported with a platform (for example 
padded pallet stacks or trestle) and aligned so that the tube at the mast head [1.2] is horizontal. Now carefully 
grease the sliding bearings of the nacelle-mast connection. Then push the nacelle frame [2.2] with rotor shaft and 
crank drive [2.3] onto the tube and check for smooth running. The pump linkage [4.3-1] must now be mounted. It 
is pushed up from below through the bearings and mounted on the journal connection of the crank drive. 
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6. Assemble mast, nacelle and pumping rods 
Next, screw the lower mast segment [1.1] lying through the mast feet to the foundation with the hinge [1.3]. 
Then mount the middle and upper mast segments. The entire mast must be supported and raised with a platform 
(for example, padded pallet stack or trestle). The tube at the mast head must be horizontal at least [1.2].  
A good position for working is important here. Now the slide bearings of the nacelle-mast connection are care-
fully greased. Then push the nacelle frame [2.2] with rotor shaft and crank drive [2.3] onto the tube. The nacelle 
must turn easily.  
The pump linkage [4.3-1] must now be mounted. It is pushed up from below through the bearings and mounted 
on the journal connection of the crank drive. 

 
 
 

7. Mount rotor 
The pre-assembled rotor is to be pushed onto the shaft from below and screwed together. After assembly, a 
function test must be carried out and the rotor must be secured against turning. 
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8. Install control cables and jerk dampers 
 
When installing the wire rope hoist, the eyelets of the ropes must be made first. It is important here that the rope 
is wound around itself several times when tying the thimble and tightened with at least 5 (!) rope clamps per thim-
ble. This is for safety reasons. In this way, the rope cannot come loose. 
 
Assembly note: It is difficult to tighten the small rope clamp screws to the correct torque. Only experienced experts 
should do this work. 
 
Mount the jerk damper between the control vane and the stop rope (135deg!) and tension the rope from there to 
the side vane. In the position of the control vane shown on the left, the rope must be tense and serves as the end 
pivot point. When the vane swings quickly to the normal position, the jerk damper avoids a hard jerk. The control 
vane must not exceed an angle of 135° to the side vane. The second rope is to be tensioned from the control vane 
over the pulley [3.1-30] to the shackle [3.1-31] also with eyes. The bucket as control weight is to be attached to a 
loose pulley between the deflection pulley and the shackle. 
 
After setting up the equipment, fill it with weights.  
 
When the maximum operating wind speed is reached, the force of the wind pressing on the side vane exceeds the 
pulling force in the rope caused by the bucket. The bucket is then lifted and thus the turbine and thus the rotor turns 
automatically (usually only partially) out of the wind. The control vane then swings towards the side vane. If the 
wind pressure decreases, the cable pull of the bucket swings the control vane back into its normal position and the 
turbine turns again with the rotor into the wind. This weight is to be adjusted individually after setting up the sys-
tem.. 
 
By adjusting the (initial) spread angle of the roller ropes above the bucket and its weight force, you can practically 
influence the characteristic curve of the swing out. 

 

 
 
 

9.  Install rubber ropes as weight compensation 
The rubber cables [4.3-16] are to be fastened from the 
middle bearing to the ring nuts shown [4.3-15] with 
shackles. Their (counter) force corresponds to the 
weight of the piston rod, the water column standing 
on the piston and the eccentric bearing at the top of 
the crank mechanism. They should be approx. 2m - 
3m long. 
(These compensate for the weight of the linkage, thus 
facilitating start-up and performance of the unit. The 
tractive force of the rubber ropes should correspond 
to the approximate weight of the piston rod and upper crankshaft drive bearing with the two pillow blocks).  

Kommentiert [PD7]: Was das fürn quatsch? Was ist aus 
für jeden machbar geworden?? Andere lösung finden das zu 
erledigen. 
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10.  Screw on adjusting scissors 

 
 
 

Before the plant is erected, the adjusting shear must be 
mounted as already described in chapter 1.6.  
 
Now is the last opportunity to repair slight damage to the 
paint. Many screw connections can also be checked well 
now. 
 
 
 
 
 
 
 
 
 

 
11. Raising the KUKATE34K 

After the adjusting shear has been mounted, at least two ropes with a respective minimum length of 30m are to 
be attached to the tube of the nacelle frame. One rope is to be laid over the adjusting shear in the direction of 
pull. The other rope is to be used as a counter-tension and is also to be attached to the nacelle frame.  
The rope must now be pulled with a force of at least 10,000N. A truck loaded with stones can apply this force.  
The plant will then straighten up. 
The pedestal supporting the mast must always be pushed back piece by piece to prevent the system from tipping 
back at the first shallow angles. At the beginning, the tensile force in the erection rope and the erection moment 
are the highest.  
 Supports - inserted between the cross struts and the floor - can also be helpful. The counter-tension rope is 
particularly important. This must be tensioned against the direction of pull. It must be held by at least five people. 
When the center of gravity of the system comes over the pivot point of the hinges, the system tilts into its final 
position. This counterforce must pre-
vent rapid tilting and impact. Other-
wise, damage can occur. 
If no truck is available to erect the 
KUKATE34, 30-40 people can - with ex-
tended rope - try to erect it. In doing so, 
it should always be supported up to an 
angle of 40degrees to prevent it from fall-
ing, e.g., due to the men slipping. 
With a rope or pulley block of at least 
30kN pulling force, you can also set up 
the plant step by step. This can take a 
long time and one must always support 
the wind turbine again in between when 
the rope must be shortened again and 
again position by position. The angles of 
the supports must be observed so that 
the mast cannot fold back.  
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12. Bolting the mast bases to the foundation plates. 

The next step is to screw the mast bases to the foundation, and 
then loosen all the rope connections. 
 
Here is the last opportunity to adjust the KUKATE34 vertically.  
With plates between foundation plates and mast base plates 
you can change the distances. This way, the wind turbine can be 
adjusted exactly vertically.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13. Install pump outlet 
The last step is to install the pump outlet. To do this, pull up the pump rod [4.3-1] with the screwed-on piston and 
screw the outlet [4.1.3] to the pump pipe above the foundation. Afterwards, the last missing pipe must be 
mounted between the hanging eccentric rod and the lower pump rod. Before this last pipe is screwed to the upper 
linkage, the cover [4.1.4] with its bearing must be pushed over the pipe and screwed to the outlet.  
The KUKATE34K is now operational. 
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Maintenance 
Since the KUKATE34 is in operation permanently and should be operational for a long time, it must be checked 
regularly. This includes checking the screw connections. These can become loose due to the settling behavior and 
possible vibrations.  
 
Periodically, depending on the weather conditions, the anti-rust coating and also the wear of the brass bearings 
in the nacelle and for the control vane must be checked. In case of excessive wear, the safe operation of the 
installation is no longer guaranteed.  
 
Likewise, the wooden slide bearings of the mast linkage must be oiled regularly and replaced if necessary.  
 
If the pumping performance decreases, the rod must be pulled out of the well and the old piston seals replaced 
with new ones.  
 
Due to the modular design, replacement of most wear parts is possible without laying down the entire system. 
 
To climb the mast, a ladder can be (permanently) attached to the mast at the top, which can be reached by a 
second ladder leaning underneath. 
 
Or you can weld stirrups to a mast stalk beforehand. This should be done on the mast side opposite to the most 
frequent wind. Then the rotor will not interfere with the ascent. 
 
 
Stoping the KUKATE34 
At the bottom of the bucket with the control weights, you attach a heavy 6m long rope with a large steel ring with 
a diameter of approx. 30cm (e.g. made of 10mm steel). If the system is not to run, you can hang a weight in 
addition to the control weight in the ring with a rod about 3m long. This then pulls the two flags together and the 
plant is permanently turned out of the wind.  
It must be ensured that these ropes cannot get caught in the working platform or the lattice mast. It may be 
necessary to sufficiently extend the arms for the control weight rope at the top of the mast! 
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