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Abstract— We present a solution adopted on the Medicina antenna to carry out the fast, remote and automatic change of many microwave receivers used for observation in Radioastronomy. This new setup allows the capability to switch receivers, located on the antenna primary and secondary focus, in a couple of minutes without the need of manpower or equipment and regardless of weather constraints.

I.  INTRODUCTION

In the Radioastronomic field the sky is investigated at as many frequencies as available and many observation projects can be served with the same antenna.
Antennas managed for these purposes, most of them of parabolic kind, are big, with a diameter spanning from 20 to 100 m. These antennas may require many microwave receivers, at the primary and/or secondary focus. The manual interchange among them is time and manpower consuming and frequently also reduces the utilization efficiency of the antenna. Moreover a manual setup of the receiver is prone to mistakes, so risking to affect the result of the observation. Thus a demand to allow for a fast, remote and completely automatic switching of receivers is growing. 


At the Medicina station, a radiobservatory near Bologna (Italy, operated by the Istituto di Radioastronomia - Consiglio Nazionale delle Ricerche, www.ira.bo.cnr.it and www-radiotelescopio.bo.cnr.it), a parabolic antenna with a diameter of 32m and altazimuth mounting uses ten receivers. Half of these receivers are placed in a box (90x75x70 cm) mounted on the primary focus of the reflector and the other half are placed in a room located at the cassegrain focus. In Table 1 available receiver bandwidths are reported.

TABLE 1

RECEIVER BANDWIDTH

Secondary focus

mounting (GHz)
Primary focus 

mounting (GHz)

41 - 45
21.86 - 24.14

22.06 - 22.46
8.18 - 8.98

12.03 - 12.33
2.2 - 2.36

6 - 6.69
1.595 - 1.715

4.65 - 5.15
1.35 - 1.45


In the past the switching between primary and secondary focus receivers required the interchange of the receiver box and the secondary mirror.This was because the original design of our antenna (from the early 80’s), didn’t allow their mechanical coexistence. As a result interchanging the box and the subreflector was needed.
The subreflector is a 3.2 m hyperbolic mirror, the weight (including its previous movement mechanics) 800 kg and placed at about 20 m from the ground (antenna looking the horizon). A crane and four people were needed for the three hours “weather dependent”, mounting (not feasible with strong wind, rain or snow). To overcome those problems we started a project in 1994 to upgrade our antenna frequency agility. The goal was to change all receivers in an automatic way in no more than a few minutes [1].


The new setup was implemented in the fall of 1996, so enabling the observing groups a more efficient use of the antenna and allowing the maintenance group to avoid boring job. In the following we’ll describe what we made.

II.  OVERVIEW OF THE OLD AND NEW SYSTEM

In fig. 1 a picture of the old primary focus mechanic setup is showed embedded in the antenna quadrupode structure.
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Fig. 1  Old primary focus setup

When cassegrain receivers must be used the receiver box is taken away and the secondary mirror mounted in front. Five actuators allow subreflector translations in the x,y,z direction and rotations around the x (east-west direction, horizontal line in the picture) and y axes (north-south direction, vertical line in the picture). The rotations are realized by three linear z actuators placed at 120o from each other and the translations by using two other linear actuators placed in the x and y direction. These degrees of freedom allow to recover the in focus position of the subreflector when the parabolic shape of the primary mirror deforms due to gravity as the antenna elevation changes.


Conversely, the receiver box has only two degrees of freedom, one in the z direction for focusing and one in the y direction to put the desired feed to the primary focus (it corresponds to a vertical movement when the antenna is in the position of fig. 1). In Table 2 the subreflector and receiver box specification are reported
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TABLE 2b

SUBREFLECTOR SPECIFICATION (OLD VERSION) 












RECEIVER BOX SPECIFICATION (OLD VERSION)

diameter........................................3.2m 















box weight....................................210kg

mirror weight................................150kg















2 axes, stroke................................( 110mm

mirror mechanics weight...............650kg















axes speed.....................................3cm/min

5 axes, stroke................................( 50mm














position resolution.........................0.07mm

axes speed.....................................3cm/min













position repeatibility.......................0.3mm

max rotation angle........................( 2o
position resolution........................0.03mm

position repeatibility.....................0.2mm


To carry out the above goal the new design must satisfy many specifications and constraints, the latter principally arising from the fact that we have to fit a new movement mechanics to an already existent antenna structure. So the requirements are:

a)

physical coexistance of the receiver box with the subreflector and their safe mutual movement

b)
higher axis speed than before in order to change the setup in a few minutes

c)

axes strokes greater than the old version in order to put the phase center of the L band horn on the primary focus (before it was used slightly offset) and to allow a maximum rotation angle greater than the old version

d)
maximum rotation angle of ( 4o 

e)

an overall weight of the new version close to the old one in order to avoid structural changes.


The b,c and d requirements also allow new antenna capabilities, not available in the original design. A greater rotation angle allows the subreflector to point at the secondary focus horns mounted off axis. This will permit us to mount all receivers located in the cassegrain room on a circle of about 70cm of radius [2], avoiding the need to remove a receiver if a different observing frequency is required. The design is similar to the solution adopted in the VLBA network but it makes however also available the area inside the circle and avoids a shaped profile of the secondary mirror [3].


In addition a “beam switching” capability is implemented. In radioastronomy one observing strategy is to acquire data both on and off the radio source in order to null the atmospheric fluctuations. This is usually done by moving the antenna in the azimuth or elevation direction. However, the old system required many seconds to move the beam, reducing the time integration efficiency and nulling “longer” period fluctuations only. With the new subreflector mechanics the off (on) position is pointed by tilting the mirror which takes only one second (only 150 kg must be moved).


The solution adopted in the new version is to leave the secondary mirror mounted then moving it aside when unused. The mirror will be displaced enough to avoid the line of sight of the primary focus receivers but not too far to avoid excessive mechanical structure unbalancing. The direction of movement is in the y axis however we designed it in such a way as to move the mirror in skew mode: a skew angle of 8o allowed a 2.2 meters lateral translation and withdrawing the three z actuators met the two requirements above. The y actuator fulfils a dual function, it puts the mirror in parking or, when the mirror is placed on primary focus, moves it to compensate the y component of the gravity deformation as the elevation changes.


In order to make a mechanical structure skewed by 8o the quadrupode legs had to be opened to allow space, thus new connecting plates to the primary mirror and a new quadrupod apex were designed. This structure also provided the space to arrange the receiver box and its movements.


Structural [4] and electromagnetic simulations were performed in order to verify if this new setup could affect the operation and the performance of the antenna. No appreciable effect was noted giving us the indication that we could go on with the upgrade.

The electromagnetic simulations [5] were performed at 5,10 and 22 GHz in a cassegrain configuration and at 1.6,8.3,22 GHz in primary focus configuration. The maximum antenna gain, and the level of the first sidelobes (SLL) were obtained for the old and new version of the subreflector system. In the following, Table 3a and 3b, the results of these simulations are reported 
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TABLE 3b
BLOCKAGE SIMULATIONS (cassegrain)




















BLOCKAGE SIMULATIONS (primary focus)
f (GHz)


Gmax (dB)


SLL (dB)


















f (GHz)


Gmax (dB)


SLL (dB)
5old




63.0




-20.8




















1.6old




52.15




-25.82

5new




62.97




-20.4




















1.6new




51.96




-23.29

10old




69.86




-21.74



















8.3old




66.62




-24.04
10new



69.82




-21.36



















8.3new




66.44




-21.79

22old




76.11




-22.32



















22old





75.26




-25.16

22new



76.08




-21.88



















22new




75.08




-23.55

Measurements were performed at 5 GHz after the completion of the mechanical mounting and aligning of the new system. The antenna gain for a cassegrain mounting showed no variation respect to the old setup, at least at the level of measurement accuracy we achieved, i.e. ( 5%. Also no measurable effects of rising the sidelobes we noted. Another important test was to put aside the subreflector and check blockage effects on the primary focus frequencies: our measurements with 1.4,1.6,2,8 and 22 GHz receivers again showed no changing (the edge taper of the illumination function is about –14dB). The reason have to be found in the fact that the already existent primary focus structure (struts and beams) determines the blockage. Adding, in the way we add, a “tail” to park the subreflector doesn’t change significantly the shadowing. It was exactly what we trusted at the very beginning of the design.

From the schematic shown in fig. 2 the old (in square brackets) and new dimensions, in mm, are reported. Also shown is the in and out (dashed line) subreflector position with one of the quadrupode legs. The schematic was drawn to scale so the light impact of the new setup regarding blocking effects can be appreciated.
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Fig.2  Simplified geometry of the subreflector support.
III.  DETAILS OF THE NEW SYSTEM


As in the previous version there are five degrees of freedom for the subreflector and two for the receiver box. The secondary mirror and receiver box weights are also the same as in the old version. The performance of the new system is summarized in Table 4 [6]:

TABLE 4a



























TABLE 4b

SUBREFLECTOR SPECIFICATION (NEW VERSION)












RECEIVER BOX SPECIFICATION (NEW VERSION)

mirror mechanics weight..........360kg
















2 axes, stroke..................( 200mm (y axis)

5 axes, working stroke..............( 80mm (x,y axis)










.…..................................( 170mm (z axis)

                                                 ( 125mm (z axis)










axes speed...............................430mm/min

parking stroke………...............2200 mm (y axis)











position resolution.......…..….….0.005mm

axes speed................................50mm/sec (x,z axis)










position repeatibility..….........…...0.02mm

                                                1000mm/min (y axis)

max rotation angle...................( 4.1o
position resolution...................0.005mm

position repeatibility.........…...0.02mm


Comparing the performance of the old and new systems (Table 2 vs. Table 4) demonstrates a completely different “frequency agility world”: changing among primary focus receivers takes less than a minute, moving the subreflector takes 2.5 minutes so resulting in a primary/secondary switching time less than 3.5 minutes. Moreover this task is completely remote and automatic and is done by just clicking a mouse. In the following table a summary of the time needed to switch between frequency configurations is shown. The codes labelling the microwave band stand for: S= 2GHz, X= 8GHz, L= 1.4 and 1.6GHz, K= 22GHz, C= 5GHz, SX= 2/8GHz.

TABLE 5

Switching times


SX
L
K
C

SX

46”
26”
3’25”

L
46”

22”
3’20”

K
26”
22”

3’21”

C
3’25”
3’20”
3’21”


A. Mechanics

All seven moving axis are made in the same way, a brushless motor and reduction gear connected to a preloaded ball screw that converts the rotating motion to a linear one. Of course the preloading is done to null the backlash of the screw to give a mechanical positioning with very good accuracy and repeatibility. In fig. 3 an overall view of the mounting system is shown.


Starting from the bottom we can see a triangular frame (made by aluminium) where the three z actuators (two of them with the folded seen in the picture) are connected to the triangular frame by a hinge. On the other side they are connected to the flanges of the secondary mirror (not present in the picture) by interposing a sphere: if the three actuators are moved of the same amount a simple translation happens (focusing), if z2 and z3 move by the same amount in opposite direction and z1 is kept still a rotation around y axis will be obtained, if z1 and z2,z3 move in opposite directions a rotation about x axis is induced (see fig. 4). This frame can also do a translation along the x direction by means of a x actuator (in the Fig. 3 covered by the structure).
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Fig. 3.  Overall view of the new system.

On the triangular frame a second one, an aluminium piece 8o wedge shaped, performs the in and out subreflector positioning. Finally, the receiver box (the grey square box in the picture) with its two moving axes is shown in Fig. 3. The box is supported by a frame linked to the steel carrying structure that joins the quadrupode. For this reason each movement is transmitted to both sides of the trolley.
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Fig. 4.  Schematic of subreflector movements.

In fig. 5 the system mounted on the antenna is shown. Here three feeds are visible coming out from the receiver box: from the bottom to the top the L band, the small K band and the S/X bands concentric feeds. Below the receiver box the subreflector in its parking position can be seen.

[image: image5.png]



Fig.5  The agile system mounted on the antenna.

In fig. 6 the subreflector is shown in its working position, i.e. on primary focus in front of the receivers box. The picture was taken while the crane was mounting the structure on the antenna.


In the design of the system care was taken to make a structure stiff enough to be unaffected by wind and gravity effects, at least within the operation range of the antenna. The total weight of the new version (fig. 3) is about 200 kg more than the old one, very slightly affecting the total weight of the primary structure (quadrupode, mechanics, receiver box, mirror ), about 9 tons.


In regard to safety each actuator has its own prelimit and final limit proximity switches. To avoid collision among the mechanical parts permission switches were added. For example, suppose the receiver box is working and you want to use a secondary focus receiver: the subreflector must go in from the current out position. The receiver box is first retracted and checked (switch). Then the z actuators are lowered and checked (switch). Then the subreflector is moved in position if and only if the previous checks were successful.
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Fig. 6  Mounting the quadrupode structure on antenna.
B. Positioning electronics

The electronic parts of the moving system are commercial and consist of (for each actuator), [6],[7]

- a motor, brushless type with integrated resolver in, 3000 rpm, 1Nm for all actuators except for y actuator of the subreflector 2 Nm

- a control board, with microprocessor able to manage the moving operations when a commanded position is issued. The controller is a simple PID positioner with speed feedforward. The digital loop is closed by digitizing the motor position coming from a resolver integral to the motor shaft. This is an incremental system so zero or reference switches are also used to recover an absolute position

- a driving board, with power transistors using PWM modulation technique. An important point arising is the RFI environment produced. In Radioastronomy the signals to be detected are ususally below the gaussian noise produced by the receiver so any form of interference must be kept as low as possible or better absent. For these reasons a survey on the signals produced by the motors and driving boards was performed. The conclusions were that to be sure to avoid RFI the electronics had to be kept near the motors, put inside a shielded box, and connected with cables with high degree of shielding. The results were very satisfactory. This choice implied that only two cables run between the control station, where the host computer is located, and the apex of the antenna (about 150m): one is for primary supply (220Vac) and the other one is for sending the commands. This last uses an optical fiber along with an optical to RS485 converter. In fig. 3 the white box as seen in the upper right and lower middle part of the structure are the containers for the electronics.

C. Software

The control software, [6],[8] was written with the LabView( graphic language on a personal computer with NT4.0 operating system (it can also run on Win95). The RS485 remote communication is at a rate of 19200bps. This program allows the user to change between subreflector and receiver box (see “focus selection” on fig. 7,8) and choose between the many receiver configurations (see the popdown menu on the same figures) the positions of which are stored and recalled when selected.
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Fig. 7  Secondary focus receivers panel.
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Fig. 8  Primary focus receivers panel.

It is also possible to move manually the selected axes everywhere in the allowed range (displayed above each axis). The three z actuators are synchronized during focusing, so rotations are avoided during data acquisition. To have a deeper check of the system and for maintenance purposes a submenu is provided. By clicking “Details”, a menu, showed in fig. 9, allows:

- checks (temperature of the boards and sinks, position error and motor current during the actuators movements) and visualization by a stripchart

- movement control at both position and rate loop level

- zero procedure and its verification

- status of the actuators, i.e. motor brake (BRK), limits (PCW, PCCW, LIMT), parking or zero position (PARK, ZERO), motor driver enabled (DROK), supply line (VP).
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Fig. 9  “Details” menu.
IV.  CONCLUSION


The described system has been succesfully working for two years experiencing hot sun exposure in summer (+40oC and more) and many degrees below zero in winter. Its operation was extensively tested by comparing the theoretically derived equations of motion [9] with the pointing performance [10]. Its use was very satisfactory enabling radioastronomical community to enhance the amount of observations and the antenna staff to get free from this time consuming, and in some way not safe, task. At the moment of this draft a copy of the system has just been installed on the twin antenna located in Noto (Sicily).
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