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1 PBXAXIS hardware

The 4-axis controller has been developed from the FOX-20 basic module (B20) with
the PBX-21 bus connection. The hardware components can be taken from the
resources of the FOX system.

Note:
The following rules have to be observed:

n Slot 1 is reserved for a MAO4 (4-channel analog output).
The following module/channel assignment applies:

- Channel 1 = Axis 1
- Channel 2 = Axis 2
- Channel 3 = Axis 3
- Channel 4 = Axis 4

n Slots 2, 3 and 4 are reserved for checkbacks of the actual values and are freely
selectable.

n Digital input/output modules are also supplied, but may only be inserted in slots 2
and 3.

n On application of the "limit switch monitoring function", the MDI module must be
inserted in slot 2.

n On application of the "axis release function", the MDO module must be inserted in
slot 3.

1.1 Profibus interface

1.1.1 Data transfer between positioning module and computer

The positioning module is accessed via a 6-byte wide interface.
Identification code of the positioning module:

6 byte I/O, consistency over entire length: 0xB5 (181)

This identification can be entered up to four times. So it is possible to address
all four axis at the same cycle!

Definition of the data channel (viewed from the master):

Input Output

Byte 0 Status byte Control byte

Byte 1 Parameter number (address)

Byte 2 MSB byte MSB byte

Byte 3

Byte 4

Byte 5 LSB byte LSB byte
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Control byte

7 6 5 4 3 2 1 0
| | |
| | PLC identification bit 1: PLC in operation, 0: PLC in STOP (all axes stationary)
| Toggle bit
|
Write/read bit: 0: Data are read, 1: Data are written

Status byte:

The status byte is the copied control byte.

7 6 5 4 3 2 1 0
| |
| Communication status bit 1: Parameter/command understood
| 0: Parameter/command not defined
|
Toggle bit

Data:

The data are stored in bytes 2 to 5.

Value type: -word (2 bytes): MSB byte = byte 4
LSB byte = byte 5

- long type (4 bytes): MSB byte = byte 2
LSB byte = byte 5

Send parameters to positioning module

If data are to be sent to the module, the data and the parameter number must first be
entered, then the write bit is set. On receipt, the data are copied to the sending buffer,
and the higher-level computer can read out the sent data.
In order to detect whether the positioning module has received the data, the status of
the toggle bit must be modified after each transfer. As the data are recopied to the
sending buffer on receipt of a message, the toggle bit can be read out again, and the
receipt of the message can be detected via the status change.

Note:
The above-mentioned method of sending data to the module only works properly if
consistency over 6 bytes is ensured. If not, the write/read bit should be set to 0 first.

Read parameters from positioning module

If data are to be read from the module, the write/read bit must be set to 0. As soon as
a message has been received, the desired data are copied to bytes 2 to 5 and the
control byte and the parameter number are copied to the sending buffer and can be
read out by the master.
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2 Controller algorithm

2.1 Block diagram PBXAXIS controller

The PID controller in the FOX-20 is a PID controller with variable structure. The
mathematical description is given below.

* If dotted control loop is switched on

2.2 PID algorithm

In continuous-action devices, a PID controller regulates the manipulated variable in
order to reset the deviation (e). The deviation here means the difference between set
point value (w) and actual value (x). The principle of the PID controller is based on
the equation representing the manipulated variable M (t) as the product of a
proportional component, an integral component and a differential component.
To implement the control unit in a digital computer, the continuously operating
function must be converted to regular scanning of the deviation with subsequent
calculation of the manipulated variable.

Definition: The deviation is: e = w - x

PID
Amplifier Motor

TempomatConversion

P

Add
Set point

value

Actual
value

V_actual

Actual
value

manipulated variable
*(old)

Actual
value

Manipulated variable
*(new)

M(t)        =          KProp * e +       Kintegral * ∫∫ e dt +       Kdiff * de/dt

 Manip. variable = proporti. compo. +          integral component +      differential component
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2.2.1 The proportional controller (P-controller)

The proportional controller is defined by a simple mathematical relation

Y = Kproportional * e + C .

This continuously operating function must be converted to regular scanning of the
deviation. The following relation applies to the proportional component:

YP= Kproportional * en

2.2.2 The integral controller (I-controller)

The integral controller (I-controller) has the equation

Yintegral = Kintegral * ∫∫ e dt.

The following applies to the conversion to regular scanning in digital technology:

Y K eI n

n

Integral = ∑*
1

Integral controller with variable structure

For starting up control loops, it has proved advantageous to start with a P-algorithm
only, whereby the I-controller is not introduced until the system deviation (w-x) has
diminished. For this reason, a parameter is defined which allows the user to
determine the range in which the I-controller is to operate, in which the integral
component is kept constant.

2.2.3 The differential controller (D-controller)

The differential controller (D-controller) has the equation

Ydifferential  = Kdifferential * de/dt.

Here the differentiation de/dt is replaced by

∆e = enew    eold

∆T ∆T

This yields Ydiff     =  Kdiff * (enew - eold)

The following equation therefore results for the manipulated variable in the PBXAXIS:

      YPBXAXIS  =   Yproportional + Yintegral + Ydifferential;


