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1 System overview

The new remotely controllable shutter system for the FACT telescope is built around two LA23
low voltage 24 V linear actuators from Linak1 driven by two VHN-5019 motor driver which are
controlled by an Arduino Ethernet micro controller board.

The two linear actuators are fixed on a modified of the T-shaped cable support plates and on
a L-shaped support which is shrewd to the lid. The T and L-shaped supports are made in blue
anodized aluminum and are shown in Fig.1.

The Arduino is an open-source electronics prototyping platform based on the ATmega AVR
micro-controller line. We chose the Arduino Ethernet model which mounts a ATmega328
micro-controller with has 32 KB of ROM and 2 KB of SRAM and it already includes a 10 Mbit
ethernet interface using a WizNet W5100 chipset.

The Arduino boards feature a bus like structure on the sides where composed by two lines of
pass through connectors where Arduino compatible boars (shields) can be plugged in. Arduino
shields are normally stackable and more shields can be mounted on one controller, provided
that their pinout are compatibles.

A sketch of the new shutter system is shown in Fig.2. The two motors are connected to an Ar-
duino [1] shield which contains two VHN-5019 motor drivers which also enable current sensing.

1Linak AG

Figure 1: Photograph of the installed shutter motor
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1.1 The motor controller shield 1 SYSTEM OVERVIEW

A filter/amplifier shield has been developed to reduce the noise on the position sensor and on
the current measurement which is mainly caused by the length of the cables to the telescope
(about 35 m).

The firmware can be uploaded in the Arduino through a standard RS232 serial port although
an USB to Serial converter adapter is provided with the board. The firmware which is cur-
rently uploaded provide a simple web server with two button linked to the opening and closing
commands of the shutter.

1.1 The motor controller shield

The motor controller shield is a Pololu Dual VNH5019 Motor Driver Shield2. The
schematic of the shield and the layout of the connection are shown in Fig.3 and Fig.4 re-
spectively.

Each of the VHN-5019 is able to control - with few external components - a mid-high power
motor using continuous current or Pulse Width Modulation (PWM) and - in addition - grants
the possibility of performing the motor current sensing using the A0 (M1CS signal) and A1
(M2CS signal) Arduino analog inputs by embedding on the chip a current to voltage converter
with a current sensing coefficient of 0.14 V/A.

Other then the A0 and A1 Arduino analog inputs the shield uses three additional digital I/O
Arduino ports for each motors. The MxINA and MxINB signals, connected to pins 2/3 for
motor 1 and pins 7/8 for motor 2, define the status of each motor (on/off) while the MxPWM
signals, connected to pins 5 and 6 for motor 1 and motor 2 respectively, define the speed.

The motors together with the main motor power supply (24 V) are connected to the front
6-ways connector as indicated in the Fig.4.

2http://www.pololu.com/catalog/product/2502
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Figure 2: Sketch of the shutter system
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1 SYSTEM OVERVIEW 1.2 Amplifier and filter shield

1.2 Amplifier and filter shield

The system is completed by a amplifier and filter shield which has the double task of:

• reducing the noise of the hall sensors accumulated over the 35 m of cables with a low-pass
filter (νLow Cut = 1 kHz);

• producing a second low current sensing measurement on pin A4 and A5 by amplifying
(×10) and filtering (νLow Cut = 1 kHz) the signals on the A0 and A1 pins produced by
the VHN-5019 chips.

The diagram of the filter/amplifier Arduino shield is shown in Fig.5. The design includes test
pins and a set of jumper used for disable the amplification or the filter in case of need.

1.3 Possible upgrades

The pin 4 and pin 9 Arduino I/O port were also connected to lemo cable in case - for example
- of future wire coupling with other subsystems (i.e. the interlock system)

Figure 3: Diagram of the dual VHN5019 motor driver Arduino shield
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1.3 Possible upgrades 1 SYSTEM OVERVIEW

Figure 4: Connection layout of the dual VHN5019 motor driver Arduino shield
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Figure 5: Diagram of the custom filter/amplifier Arduino shield
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2 CABLING AND CONNECTION

2 Cabling and connection

The LA23 actuators requires 5 electrical connection as shown in Fig.6:

• 2× AWG20 wires for the powering of the motor;

• 3× AWG24 wires for the powering and the output signal of the Hall potentiometer sensor.

Figure 6: Connection diagram for the Linak LA 23 actuator

The linear actuators are provided by Linak with a custom proprietary cable fitted with sealed
connector which contains a total of 8× AWG20/24 wires of which only 5 are used from the
LA23 actuators. The maximal cable length is 5 m and the provided cable is not shielded. For
this reason we reduced the custom cable length to the minimum (about 70 cm) and we used
35 m of UV-resistent shielded cable instead to reach the control electronics. In view on the
PWM operation, the unused wires of the actuator cable were connected to ground with the
goal of reducing the noise on the Hall potentiometer and current sensing measurement.

Figure 7: Cable specifications for the Linak actuators
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3 Functional flow block diagram

To be completed.

4 The preliminary web interface

A web interface to operate the shutter is available at http://10.0.100.36 within the fact internal
network. [To be completed]
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