Slow Control Box (Cooli box):

The heart of this box is a microcontroller programmed with a firmware from Aachen III. It is able to control a couple of analogue and digital inputs and outputs. In addition it contains a pair of relays able to switch the high currents of the peltier elements and a port, which implements the protocol to communicate with the Dallas temperature sensors.

Block diagram:
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ADC:

The cooli box has 8 ADC channels, which convert voltages from 0 to 5V. The inputs contain voltage dividers for level adapting. We changed a few of these resistors to our needs.

We are using the following channels:

7: gas flow meter

6: water flow meter

x: humidity sensor inside the box

Digital I/O:

There are 8 channels for digital I/O. We need them only as outputs and are using the following channels:

0: Cooling water valve

1: dry air valve (low flow)

2: dry air valve (high flow)

4: switch for the PA pulser

Dallas Protocol:

The Dallas temperature sensors are connected to a D-sub connector, which provides the supply voltage and one communication line. The sensors use a simple digital protocol. Each sensor has a unique address, which is given to it by the manufacturer. In this way the sensors can be daisy-chained and still be read out individually. To find out the address of a sensor you should connect only one sensor to the cooli box and use the command ‘g’ (see below).

DAC

The DAC output ranges from 0 to 5V.

There are 4 DAC channels. We are using channel 0 to control the Peltier power supply.

Peltier Polarity:

There is a pair of relays to control the current polarity of the peltier element. They can be in one of three modes: heating mode, cooling mode or switched off.

RS 232:

The communication with the microcontroller in the cooli box goes via a serial RS 232 interface. A simple ASCII-based protocol is used, meaning that you just have to send sequences of ASCII characters to the serial port and you get back the result in ASCII format.

Settings of serial port:

Baud rate: 19200

Data bits: 8

Parity: none

Stop bits: 1

Flow control: None

Cooli Commands:

The protocol is case-insensitive. All numerical values are given in hex notation. In the subsequent h indicates a hex digit, x indicates a character. The microcontroller echoes any accepted input and eventually returns data. The standard prompt it returns is a ‘*’ meaning that it is awaiting a command. The ‘:’ prompt means, that a numerical input in hex notation is expected. ‘?’ means that an error occurred and is followed by an error code. Here follows a brief description of the available commands:

h: Help

Returns a brief summary of the available commands

cx: Relay polarity

Switches the Peltier polarity. x can be ‘h’ for heating, ‘c’ for cooling or ‘o’ for off.

ahhhhhhhhhhhhhhhh: Select Dallas Sensor

Sets the address of a Dallas temperature sensor, which consists of 16 hex digits. After each pair of digits a colon is echoed for easier reading. The selected sensor will be used on subsequent measurement operations.

t: Start temperature measurement

Samples and stores the value of the selected Dallas temperature sensor.

r: Read back last measurement

Returns the stored temperature value.

m: Measure and read

Combines the ‘t’ and ‘r’ command for convenience.

bxhh: Digital I/O

Enables, reads or writes to the serial port. x can be ‘i’ for enabling, ‘w’ for writing or ‘r’ for reading. hh is only used when enabling or writing. The eight bits of hh determine, which channel is enabled or disabled (‘bi’ command) or which channel to set to true or false (‘bw’ command).

dhhhh: DAC output

Writes a 12-bit value to the DAC, which is converted to a voltage on one of the 4 DAC outputs. The first hex digit determines the channel, the two most significant bits being the channel number, the two least significant bits are not used. The next three hex digits are the 12-bit value sent to the DAC channel.

vh: Read ADC

Returns the value of the ADC channel specified in h, which can range from 0 to 7.

g: Read Dallas sensor address

Returns the address of a connected Dallas temperature sensor. For this command to work properly, only one sensor must be connected to the temperature sensor bus. This is the way to find out the address of a sensor.

u: Control power supply

Since we control our PS through the DAC I have no idea how to use this command…

Cooli and hyperterminal:

For quick tests it is often useful to operate the cooli box with a hyperterminal. Just create a hyperterminal connection to the serial port using the above settings. You should get a ‘*’ as prompt and now be able to issue the cooli commands.

Custom Modifications:

To adapt the cooli box to our needs, the following modifications were made:

1. We added a small driver transistor to one of the digital output channels in order to drive the input of the NIM module, which enables the pulser for the signal injection on the pitch adapter.

2. The circuit for the gas flow meter was put into the cooli box and gets its power supply from the stabilised 12 V inside the box. The output voltage of this circuit, which is a measure of the gas flow, was wired directly into ADC channel nr. 7. 

3. The resistors of the voltage dividers at the ADC inputs were changed to adapt to the levels of our sensors.

4. The transformer inside the box was replaced by a more powerful one, to cope with the additional load from the gas flow meter circuit.

