


Step 1

Foundation

The foundation upon which the rails and the center pipe are aligned with pinpoint accuracy
is cast on a binding layer of around 50 square meters (538.2 square feet] and at least 5
centimeters (0.16 feet) thick, in a re-usable steel mould developed by a+f GmbH. The forces
which bear upon the system are dissipated directly into the foundation via the enclosed
case of the steel construction, with no interference to moving parts. This ensures that
pitching movements are completely eliminated and the SunCarrier continues to generate

maximum electricity yield where other systems would be forced out of action.




Step 2

Pitch-resistant rail system

The rail system has a diameter of twelve meters (39.37 feet] and is the rotational and crucial
point of the construction. The SunCarrier moves on a chassis, comprising four wheel sets
and the circular rail system around its own vertical axis with a central bearing. Massive
flanged rails are used for the tracking movement. As the load on the wheel sets in normal
operation is only a quarter of their load capacity, they have a very long lifetime. The attachment
of solid pitch-resistant anchors which grip beneath the rail head ensures that the SunCarrier

is not lifted off the rail system, even should strong winds come up.




Step 3

Controlling software

The SunCarrier has an astronomic programmable logic control system (PLC). This control

system processes signals from a clock, an incremental encoder (which is located between
the gear and the drive motor) and mechanical buttons. PLC pilots the drive motor to readjust
to the new sun position within ten seconds, every ten minutes. As a result, the system
guarantees a precise alignment with the current position of the sun around the clock. Cloudy

weather does not effect the tracking.




Step 4

Drive

The rotation of the SunCarrier is delivered by an electric motor with brake function and a three-
stage planetary gear with a gear ratio of 1:1,595 or 1:1,639 and a low-maintenance anchor
chain made from high-alloy steel. In the process, the motor needs just 0.4 kWh or 0.6 kWh per
day to rotate the SunCarrier. The engineers furthermore selected a dry PTFE plain bearing to
ensure maintenance-free positioning at the centre of the rails. It is expected that the anchor

chain will not need to be replaced for at least 10 years even at very intensive use.




Step o

Steel structure

The mechanical steel structure of the SunCarrier is FEM analysed and manufactured from

stable, maintenance-free steel. An inclination of up to 30° in the structure ensures the
optimisation of the energy yield. In addition, a special feature of the structure enables the
separation of horizontal and vertical wind forces. Through the interaction between the large
module surface and the pitch of the module, the so-called “stack effect” is maximised, which
supports in the cooling of the module. The high levels of safety and quality of steel structure have
already been confirmed in the form of approval by the TUV and LGA. Wind tunnel testing of the

structure guarantees durability against a wind force of up to 12 on the Beaufort scale.
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In southern Europe, one SunCarrier 260 will produce enough
electricity to supply up to 30 four-person households, each
with an average consumption of 3,500 kWh per year. The
production of one kilowatt-hour of electricity using fossil
fuels releases around 0.7 kg of CO,.

By supplying up to 30 households with electricity, therefore,
one single SunCarrier reduces CO; emissions by around
73,500 kg per year.
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Bueren

Location Bueren, Germany
SunCarrier type 220

Units 6

Power 185 kWp

Completion date 4 quarter 2007




SunCarrier Business Division

SkyCarrier tracking system

SkyCarrier is the open space tracking system for solar power plants in equatorial areas. The
perfect area of deployment is at a latitude of between 0 and 25 degrees north and south
latitude. In this area, the angle of the sun can be up to 90°, and therefore only a horizontal
tracking system for photovoltaic modules guarantees the perfect alignment towards the sun.
which makes tracking on the horizontal axis of the photovoltaic module necessary for optimal
alignment with the sun. With a module surface area of 247 square meters (2,658.69 square
feet] or 261 square meters (2,809.38 square feet, at 14 wings), the SkyCarrier guarantees an
increased yield of up to 25 % additional energy yield in comparison to conventional market
solutions. In the development of the single-axis tracking system, special attention was paid
to ensure that the mounting surface could be fitted with modules from a wide range of
manufacturers. Depending on the type of module used an output of up to 48 kWp can be installed

on the SkyCarrier.

The SkyCarrier 250 and SkyCarrier 1000 are very different in terms of construction height
and pitch angle. The SkyCarrier 250 aligns the module surface of 247 square meters (2,658.69
square feet] towards the sun at an angle of +/- 30° to the horizontal. Assuming the maximum
pitch angle, it reaches a height of approx. 7.6 meters (24.93 feet) over the clearance surface,

while at its zero point the height is roughly five meters (16.4 feet).

At a height of just 2.2 meters (7.22 feet], the SkyCarrier 1000 is significantly smaller: The
rotational axis of the tracking system ensures that the pitch angle of the module surface
moves at an angle of +/- 60° to the horizontal. This means even more accurate tracking and
alignment towards the position of the sun, especially in the morning and evening hours. The
reciprocal wind shelter, provided by the series, enables the use of materials in the tracking

system to be substantially optimised and the labour required for assembly to be reduced.

SkyCarrier models withstand wind loads up to hurricane force. They can be used flexibly as
an individual SkyCarrier or in large solar power plants and have significant advantages over
double-axis systems in relation to reliability and safety. The drive responsible for tracking is
delivered by mechanically independent motors with a multi-stage planetary gear, which are
electrically linked together. Just like all models in the SunCarrier range, the use of delicate
sensors is avoided. When tracking, the SkyCarrier orientates itself towards the path of the
sun the whole year round. The drive motor is supplied with the necessary information via a
maintenance-free PLC. The control system receives the required signals from an electronic
clock, an incremental encoder between the gear and the drive motor and mechanical but-

tons. This ensures an exact alignment with the current position of the sun at all times.

As with the SunCarrier, functional monitoring of the system and report generation is possible
online at any time. The necessary administration is thereby reduced to a minimum and the

monitoring of the facility simultaneously made more simple.

The SkyCarrier is ideal for use
in equatorial areas.

SkyCarrier models withstand wind
loads up to hurricane force.

SkyCarri_
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SunCarrier Business Division

Markets by solar radiation

Area of deployment: Between 0° and 25° north or south latitude

25°

0°

25°

Solar radiation for solar power plants [ | perfect [ | very good [ | good B cuitable B unsuitable

In regions close to the equator that is between 0° and 25° degrees north or south latitude,
the SkyCarrier is the perfect tracking system for solar parks in open spaces. The angle of the
sun in this region can be more than 90°. That means that tracking must occur on a horizontal
axis, in order to constantly align the photovoltaic modules optimally towards the sun. The
rotational axis of the SkyCarrier ensures that the module surface moves at an angle of
+/- 30° or +/- 60° to the horizontal.
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The horizontal rotational axis of the
SkyCarrier enables the optimum
alignment of the modules with the
sun, even close to the equator.

Technical detalls

SkyCarrier model

SkyCarrier 250

SkyCarrier 1000

Rotational axis

elevation [solar angle of arrivall, single-axis tracking system,

tracking through horizontal axis

Rotational angle

+/- 30° to the horizontal

+/- 60° to the horizontal

Module

all common types and sizes of modules may b

e used

Recorded power

up to 46,000 Wp*

up to 48,000 Wp*,
depending on installed module surface area

(*Watt peak = standard by which the power of
depending on the module type

solar sells and solar modules is measured),

Installation area
(width x height of standard
modell)

247.05m?;30.50mx 8.10 m
(2,658.69 sq ft; 100.07 ft x 26.57 ft)

261.00 M2 (1.65 m x 11.30 m = 18.65 m? per
wing) (2,809.38 sq ft; 5.41 ft x 37.07 ft = 200.75
ft2 per wing), 14 wings in total, module
surface area can be extended as desired

Height above clearance
surface

approx. 7.60 m (24.93 ft)

approx. 2.20 m (7.22 ft)

Foundation

site-mixed concrete, two parts

site-mixed concrete or prefabricated
concrete slabs

Control system

astronomical programmable logic control = P

LC (via time and date, incremental encoder,

daily zero-point calculation) with 14-day programmable adjustment

Drive

two electronically synchronised motors
with planetary gears

mechanically independent motors which are
only linked electronically. Drive delivered via
two rope drives, multi-stage planetary gears

Ground level elevation

up to 1,000 m (3,280.84 ft) above sea level

up to 1,500 m (4,921.26 ft) above sea level

Maximum building

structural design check by experts with a calculated safety factor of at least 1.6 tested by the

approval Bavarian state Testing authority (LGA), CE certified

Wind load up to 140 km/h, (86.99 mph ~ 12 bft, corresponds to a hurricane),
compliant with EN 1991-1-4:2005
determination of characteristic loads by the Institut fir Industrie-Aerodynamik GmbH
(IFI - Institute for Industrial Aerodynamics) at the Aachen Technical College

Area of use open spaces from 0 to 25 degrees of latitude, northern and southern hemisphere
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DMC 340 FD | Digital 3D model

DMC 340 Fp
DECKEL Maro
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.I'he primary objective of our operations
s to bring economic, ecological
and social factors into alignment.”



Components Business Division

Profile

Components

Our Components business division supports the GILDEMEISTER group primarily in the

strategically targeted procurement of cast iron, steel and machinery components, thereby

realising procurement advantages for the group.

Our customers are leading machinery manufacturers in Denmark, France, Germany, We coordinate all steps in the
Great Britain, Italy, Japan, Sweden and the USA. For them, we are a reliable partner for productionchom
precision machine tools, prefabricated welding structures and finished cast iron compo
nents. In addition to more than 8,000 different manufacturing components, which we also
offer as component packages or trunk machines, fully assembled machines are also part
of our product range. We take on the coordination of the entire production chain: From the
construction site offices, to model builders, casting plants, forging plants and welding

specialists through to processing and assembly operations.

[he product range of the Components business division also comprises the reliable imple

mentation and management of complex projects. Here, the success of the project is
guaranteed by holistic and individual project-specific liaison and support provided by our
competent engineers. In addition, a further advantage is provided by the central administ-

ration and delivery of our logistics services.

We supply individual solutions for numerous industries and requirements. Products made

by a+f GmbH are used in the following applications, among many others:

- Construction machinery

- Industrial trucks

- Specialised mechanical engineering

- Plastics processing machinery

- Paper machinery

- Manufacture of gears

- Steel and metal construction
Electrical switchboards

- Leather punching presses
Measuring machinery

- Crane construction

- Sailing yachts

[he many years of experience of a+f GmbH contribute to the success of our customers, as Outstanding precision and high
quality standards contribute to the

the results of our work can always be distinguished by a high level of precision and exacting
success of our customers.

quality standards. Furthermore our multi-lingual project engineers ensure perfect -
. . THRLTH[ETTTT—
communication between customer and factory. S W=
/ J.:.II
i

e T
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Components Business Division

Wind Energy

Long-term supplier to manufacturers of wind power stations

The wind, just like the sun, is an inexhaustible energy source, and was identified as a form
of energy generation centuries ago. The wind power industry has grown rapidly in recent
years as an environmentally friendly form of electricity production, not merely in Germany

but also throughout Europe. It will continue to increase in importance in the future.

a+f GmbH entered this future-oriented market early and has supplied components to
renowned manufacturers of wind power stations since 1992. Here we offer a broad spectrum
of products and services. The overall product portfolio extends beyond installation-ready
welding constructions with complete mechanical processing, cast-iron components with

ductile iron and high impact strength and forged drive shafts heat-treated steels.

Rather, when it comes to wind energy the company focuses on the high-quality manufacture

of key components such as:

- Bearing housings

- Azimuth brake discs
- Clamps

- Bearing covers

- Ring seals

- Machine supports

- Rotor hubs

- Rotor locking disks

A

Wind is an inexhaustible energy
source, and will continue to
increase in importance in the
future

Leading manufacturer of bearing housings

As the leading manufacturer of bearing housings in the wind energy sector, continuous quality
assurance and documentation is indispensable. Constant inspections of all necessary
permits are carried out by SLV and TUV for all components, as are regular inspections of

materials and welding seams.

In order to fulfill the demanding customer and quality requirements of this emerging
industry, at a+f GmbH a lot of significance is attached to both, the research and develop
ment division and the process optimisation division. This ensures that we always retain
market leadership when it comes to quality, efficiency and productivity enhancement. The
continuous expansion of our production facilities enables an even better utilisation of casting
and processing capacities. Furthermore, planning is underway for an expansion of
processing centres which will enable larger, cubic components such as hubs and machine
supports to be manufactured in a moulding process. This will allow lead times to be reduced,

at the same time further improving quality.

Constant inspections of all permits,
and regular inspections of
materials and welding seams,
enable complete documentation.




Components Business Division
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Imprint
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Image credits
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Trademarks
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registered trademarks of a+f GmbH.

Awarded the
T30 INDUSTRIEPREIS 2008
PREIS 2005 [ty category of "Energy”.
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AMEMBER OF THE GILDEMEISTER GROUP

Faulenbergstrafle 4
97076 Wuerzburg
Germany

Fon +49-(0]931-25064-100
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info@af.net
www.af.net
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