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1. INTRODUCTION 
This technical note (TN) is the result of WP 1300 under the responsibility of GAMMA, as well as the 
result of parts of WP 1600 under the responsibility of IA-PAS. According to the contractual obligations 
these two WP’s include the following tasks and outputs: 

WP 1300: “Consulting and provision of mechanical drawings from ELBARA II with adaptations”: 
 Tasks: Provide scaffold drawings of ELBARA II to IA-PAS 
  Provide item list of elevation tracker and gears to IA-PAS 
  Consulting IA-PAS for scaffold manufacture 
 Outputs: Drawings of the ELBARA II scaffold 
  Item list, ELBARA II elevation tracker and gear specifications 
 
WP 1600: “Construction, production, assembly and test of the azimuth tracker”  
 Tasks: Design of azimuth tracker 
 Outputs: Azimuth tracker device 
 

The subsequent advices are the result of developments along with the construction of earlier ELBARA 
systems developed by GAMMA. Emphasize is given to the clear definition of interfaces crucial to ensure 
the smooth assembly of components produced by the project partners GAMMA and IA-PAS. 

In section 2 ideas to build up an azimuth tracker to be sandwiched between the ELBARA system and the 
tower platform is outlined (part of WP 1600). The later sections 3 and 4 provide the instructions to be used 
by IA-PAS to manufacture the scaffold and the elevation tracker, respectively (WP 1300). Finally, the item 
list (section 0) and the data-sheets (section 6) of all the components used to implement the elevation tracker 
by IA-PAS are provided. 

2. CONCEPT OF AZIMUTH TRACKER (WP 1600) 
In this section we provide input for the development of the azimuth tracker within WP 1600. The 
conceptional input provided is based on developments performed by the Faculty of Earth- and Life 
Sciences, Vrije Universiteit Amsterdam, (the Netherlands) which were conveyed by Mike Schwank 
(GAMMA) [1]. Of course the ideas provided need adaptations and further concretization by IA-PAS to 
accommodate their specific requirements for the use at the test-site Bubnow (Poland). 

The biaxial tracker mechanism could be realized by mounting an additional azimuth tracker beneath the 
ELBARA-III system, which already allows for pointing the antenna in elevation. The azimuth-tracker 
requires a new construction consisting for example of a space framework attached to a driving mechanism. 
The two axis positions (in elevation and azimuth) will be controlled by two individual control-units (RS 
232) provided by the ELBARA-III computer. To facilitate the control of the motor used to drive the 
additional azimuth tracker, we strongly propose to use the same motor as is used for driving the elevation 
tracker (JVL, type MAC141-A3AACA with MAC00-B4 extension module). 

The azimuth tracker could be constructed as a rotating platform to be mounted beneath the base of the 
ELBARA-III system. The realization of the azimuth mechanism for rotating the entire system around the 
vertical axis could be adopted from the design shown below and applied in one of our earlier field 
experiments [1, 2]. A similar principle could be used as a starting point for the construction and for the 
implementation of the azimuth tracker under the responsibility of IA-PAS. 
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Figure 1:  a) ELBARA attached to the beneath azimuth tracker and mounted on a small tower. ELBARA 
system components indicated correspond with Figure 3. b) Close-up of the azimuth tracker used in the 

earlier experiments [1, 2]. 

Just as it will be implemented in the elevation tracker of the ELBARA-III system, the azimuth tracker to be 
sandwiched between the ELBARA-III system and the tower platform must be driven by the same motor 
(JVL, type MAC141-A3AACA with MAC00-B4 extension module) as is used to drive the elevation 
tracker. Furthermore, the azimuth tracker will require some kind of position sensors to control a number of 
predefined azimuth directions adapted to experimental requirements. These sensors will be attached 
directly to the motor. Accordingly the sensors must be the same as used for the elevation tracker (inductive 
switches Contrinex, Typ DW-AS-703-M12). The consideration of these similarities is important to ensure 
the compatibility of the resultant azimuth tracker constructed and implemented by IA-PAS (WP 1600: 
Construction, production, assembly and test of the azimuth tracker) with the software developed by 
GAMMA used to control the azimuth tracker (WP 1400: Software development related to azimuth-tracker 
and travel to Poland to assemble it). 

The mechanical interface between the azimuth tracker and the bottom of the ELBARA scaffold to be 
mounted above becomes apparent from the plane-view of the scaffold drawn in Figure 5. The bottom 
interface of the azimuth tracker sandwiched between the ELBARA system and the tower (Figure 1a) 
depends on the layout of the tower. Ideally this will be designed to allow for plugging the entire system on-
top of the tower as is illustrated with Figure 2. 

 

Figure 2:  Installation of ELBARA on the tower at the Valencia Anchor Station (VAS). A mechanical 
interface (vertical tubes) pluggable to the tower structure (vertical rods) was attached to the bottom of the 

scaffold to facilitate the installation with the aid of a crane. 
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3. SCAFFOLD (WP1300) 
Sketches of the ELBARA system are shown with Figure 3 to define major mechanical components and to 
ensure the fitting of the components produced by GAMMA and by IA-PAS and assembled in Poland. 

 

Figure 3:  Drawings of the entire ELBARA system (without the beneath azimuth tracker) showing its 
major mechanical components produced by GAMMA (antenna cone, antenna feed, antenna holder, 

electronics) and IA-PAS (scaffold, elevation tracker). 

Gamma will provide the following system components: Radiometer (RM) electronics, antenna cone, 
antenna feed, and antenna holder. IA-PAS is responsible for the implementation of the scaffold (using the 
information provided in this section), for the elevation tracker (using the information provided in section 
Figure 4), as well as for the construction and implementation of an azimuth tracker (using ideas outlined in 
section 0). Figure 4 shows an earlier scaffold during its production at a metal construction company. 

     

Figure 4:  Earlier scaffold produced at a metal construction company in Switzerland. 
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Figure 5:  Detailed mechanical drawings of the scaffold to be used for its production by IA-PAS. The top 
mounting plate of the scaffold is the mechanical interface relevant for the assembly of the components 

produced by GAMMA and IA-PAS in Poland. 
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The construction of the scaffold shown with Figure 5 will be made of a space framework of rectangular 
hollow steel (EN 10219 S355J2H) sections welded together and hot-dip galvanized for corrosion 
protection. The lower part of Figure 5 shows the plane-views of the two side sections of the scaffold, as 
well as the two horseshoe-shaped structures making up the base of the scaffold. These drawings may be the 
most practical for the production of the scaffold by a metal construction company. However, the technical 
drawing shown in Figure 5 is also provided in the AutoCAD format, it can be accessed at 
https://www.dropbox.com/s/r1mkz2i7356qo51/ELBARA_scaffold.dwg?dl=0. 

The cross beams with the most loads have cross-sections of 60 mm  60 mm and thickness 3 mm, whereas 

the stabilizing cross beams have smaller dimensions (30 mm  30 mm). The entire radiometer system, 
including the scaffold, the elevation tracker, the antenna (cone, feed, holder), and the radiometer 
electronics, weights approximately 500 kg. The corresponding load on the tower and on the azimuth 
tracker must of course be considered in their construction. 

Elevation angles in the range 30° to 330° are supported (180° is the zenith direction), enabling the 
observation of two diametrical footprints without rotating the system around its vertical axis. This is 
achieved by placing the suspension sufficiently high (front view of mechanical drawing shown in Figure 5) 
and by using a double horseshoe-shaped base (plan view shown in Figure 5). However, if it is believed that 
this feature is not necessary because of the availability of an azimuth tracker, the shape of the base of the 
scaffold could be simplified to a horseshoe-shape to the front side only. 

The elevation tracker (yellow in Figure 3 and outlined in the subsequent Section 4) includes the ball 
bearing (Figure 6a) and the gear-box (Figure 6b) driven by the motor. These components, under the 
responsibility of IA-PAS, act as the pivotal point of the rotation axes (Figure 7) attached to the antenna 
holder (Figure 3). The gear-box and ball bearing (Medias, PASE50-N, 
http://medias.schaeffler.de/medias/de!hp.ec.br.pr/PASE*PASE50-N;aoFmVxLFpRIe) shown in Figure 6 
will be screwed to the respective mounting plates of the scaffold as is indicated in Figure 5. These 
mounting plates are the mechanical interfaces between the components produced by GAMMA and IA-
PAS, respectively. The manufacturing precision of the scaffold (IA-PAS) is expected to be no better than a 
few millimeters. Accordingly, it is proposed to drill the holes in the mounting plates of the scaffold (Figure 
5) used to screw the ball bearing (Figure 6a) on the one side, and to fix the gear-box (Figure 6b) on the 
other side when putting together the components provided by GAMMA (antenna (cone, feed, holder), 
radiometer electronics) with the components produced by IA-PAS (scaffold, elevation tracker, azimuth 
tracker). This procedure is proposed to avoid problems arising from manufacturing tolerances mainly 
expected for the scaffold. 

 

Figure 6:  Fotos of the ball bearing (panel a) and of the gear-box (panel b) consisting of the Atlanta and the 
Neugart gear. The ball bearing and the gear-box are screwed on the top plate of the scaffold (Figure 4) 

during putting together the GAMMA components (antenna (cone, feed, holder), radiometer electronics) 
with the IA-PAS components (scaffold and elevation tracker) in Poland. 
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4. ELEVATION TRACKER (WP1300) 
The elevation tracker to be implemented by IA-PAS will consist of a gear-box (Figure 6b) attached to the 
rotation axes (Figure 7) of the antenna holder (Figure 3) and driven by a motor. The gear-box (Figure 6b) 
comprises of a two-stage worm gear (Atlanta, type 58 86 039, reduction 1:39, datasheet attached in Section 
6.1) and a planetary gear (Neugart, type PLE 80-40/M2/OP2, reduction 1:40, datasheet attached in Section 
6.2) connected in series. The motor is a AC servo motor (JVL, type MAC141-A3AACA with MAC00-B4 
extension module, datasheet attached in Section 6.3) powered and controlled through the embedded servo-
drive, comprising an RS-232 interface to connect with the ELBARA electronics. The massive Atlanta 
worm gear holds one of the two axes attached to the antenna holder (Figure 3 and Figure 7). The axes to 
the other side is pivoted by a ball bearing (Figure 6a). The series connection of the two gears (the gear-box) 

driven by the AC servo motor will result in the maximal mechanical torque of  1000 Nm, and features 
repeatable elevation positioning. The manufacturer of the gears rates the operational temperature range to 
be -20°C to +80°C. 

The selected JVL motor is equipped with an encoder that keeps the antenna at a constant orientation even 
under windy conditions. Furthermore, an inductive switch (Contrinex, type DW-AS-703-M12, datasheet 
attached in Section 6.5) between the rotating part and the fixed scaffold is mounted to allow absolute 
positioning the antenna using its “home” position. The motor is powered and controlled through the 
embedded servo-drive, comprising an RS-232 interface that allows various state parameters also to be 
monitored, such as speed and torque. The motor conforms to IP67 and has a nominal operational 
temperature range of 0 °C to + 40 °C, and a storage temperature range of -20°C to +85 °C. The electrical 
power consumption is 140 W at 48 V AC for 4,000 min-1. Because of the fact that the elevation tracker 
uses components from a number of manufacturers, we highly recommend to order the entire driving 
mechanism (consisting of the JVL motor and the Neugart and the Atlanta gear) as a pre-assembled unit 
which is for example already filled with the correct lubrication solvents. The company Omni Ray AG (Im 
Schörli 5, 8600 Dübendorf, Switzerland, tel.: 0041 44 802 28 80) already has concrete experience with this 
specific combination of gears and motor. Accordingly, purchasing the pre-assembled driving unit at Omni 
Ray AG would include an overall warranty for the entire driving mechanism. Furthermore, this approach 
would definitively reduce the risk of running into problems with the driving mechanism, and it also 
minimizes expenditure of work. 

The dimensions and positions of the two rotation axes connecting the antenna holder (Figure 3) to the ball 
bearing and the gear-box screwed to the scaffold top mounting plate are shown in Figure 7. 
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Figure 7:  Mechanical drawings of the system components provided by GAMMA (antenna (cone, feed, 
holder), radiometer electronics) and IA-PAS (scaffold, elevation tracker). The ball bearing and the gear-

box holding the rotation axes will be screwed to the top mounting plate of the scaffold during the assembly 
of the ELBARA system in Poland to avoid manufacturing tolerances. 
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5. ITEM-LIST OF ELEVATION TRACKER COMPONENTS (WP1300) 
 

item name description order information 
motor AC servo motor 

(datasheet Section 6.3) 
JVL: 
type MAC141- 
A3AACA with MAC00-B4 
extension module 

Purchasing as a pre-
assembled driving 
mechanism e.g. at the 
company: 
 
Omni Ray AG 
Im Schörli 5 
8600 Dübendorf, 
Switzerland, 
tel.: +41 44 802 28 80 
 
is highly 
recommended. 

planetary 
gear 

reduction 1:40 
driven by the motor and attached 
to the Atlanta worm gear. 
(datasheet Section 6.2) 

Neugart: 
type PLE 80-40/M2/OP2 

two-stage 
worm gear 

reduction 1:39 
driven by the Neugart planetary 
gear and holding the rotation axes. 
It is screwed to the top mounting 
plate of the scaffold (Figure 5). 
(datasheet Section 6.1) 

Atlanta: 
type 58 86 039 

ball bearing holding the rotation axes and 
screwed to the top mounting plate 
of the scaffold (Figure 5). 

Medias: 
type PASE50-N 

Datasheet in Section 
6.4 

inductive 
switch 

used as position sensor in the 
elevation- and azimuth tracker. 
(datasheet Section 6.5) 

Contrinex: 
type DW-AS-703-M12 

Datasheet in Section 
6.5 

Table 1:  Components of the elevation tracker to build up by IA-PAS. 
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6. DATA-SHEETS OF ELEVATION-TRACKER COMPONENTS (WP1300) 

6.1. ATLANTA GEAR, TYPE 58 86 039, REDUCTION 1:39 
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6.2. NEUGART GEAR, TYPE PLE 80-40/M2/OP2, REDUCTION 1:40 
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6.3. JVL MOTOR, TYPE MAC141-A3AACA WITH MAC00-B4 EXTENSION MODULE 
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6.4. BALL BEARING 
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6.5. INDUCTIVE SWITCH 
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