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IF1 & IF2 STEPPER MOTOR INTERFACES

INTRODUCTION

The IF1 and IF2 Interface Cards permit up to three stepper motors to
be controlled via an RS232C serial link. The controller may be a
simple non-intelligent terminal, a microprocessor, programmable logic
controller or a mainframe computer, in fact any suitable device with
an RS232C port.

Information is transmitted to the interface in the form of a series of
commands giving the required speed, direction, distance etc. From
this information the interface generates a ramped pulse waveform
suitable for feeding directly to the clock input of a stepper drive.
The controller is then free to perform other tasks while the motor is
running.

The diagram below shows a typical two-axis system using the IF1. The
interface, stepper drives and power supplies are normally housed in a
pre~wired rack with all the interconnections between units already
made. The interface motherboard incorporates an RS232 socket for
direct connection from the controller.

X MOTOR ¥ MOTOR 1092 AC
conTRoLLER B ) RANS. 0

MOTHENBOARD

"

" POWER RA22/AS232
supILY

TYPICAL SYSTEM

The IF2 is functionally identical to the IF1 but it includes a battery
backup facility, enabling a complete move sequence to be retained with
power removed and the controller disconnected.

SERIAL COMMUNICATION VIA RS232C

The IF1 receives and sends data using an RS232C port connection on a
suitable controller. The RS232C specification defines all the
essential details of the communications link like signal levels,
connector type, pin allocations and the general data format. However
there are numerous variations possible within the basic framework, and
both interface and controller must be configured to operate in the
same way. This method of communication is referred to as
"asynchronous serial". The data is transmitted one character at a
time, a character comprising a number of bits sent along the same
piece of wire one after the other. Start and stop bits mark the
beginning and end of each character. The time interval between each
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bit of the character is defined, and a number of alternative bit rates
may be used. However the whole character,including start and stop
bits, can be transmitted at any time with no reference to any kind of
timing waveform, hence the description "asynchronous".

The serial data format.

Each transmitted character has to be represented by a string of bits
which the receiver will recognise. The ASCII code is used (see
Appendix 1), and all the characters we employ can be represented by 7
bits. To take an example, the run mode command "G" is represented by
the hex code 47 (equivalent to decimal 71). The bit pattern will be:

) Hex? s Hex&
(Vo2 b o8,y16 32 64! pecimal Equivdlent
Logic ! HE [

Level 0 =\ ", "3 5 § 7  BitNo.

The least significant bit is transmitted first. Start and stop bits
are added to the character code before transmission; the start bit is
at logic 0, the stop bit at logic 1. So the transmitted data becomes:

Hex 4% .- |

However, we have to contend with variations within this "frame" in
order to match the interface to different controllers.

Number of stop bits.

Either one or two stop bits may be used. It is quite common to use
two stop bits and the interface is automatically initialised to work
with two.

Number of data bits.

All the characters needed to operate the interface may be represented
by 7 bits. However, some controllers send 8 bits and expect to
receive 8 bits. The interface can be reconfigured to operate with 8
bits, the last bit being 0, 1 or data-dependent. The latter case is
only significant in the echo-back mode or when the quick-status
function is needed (see later).
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Parity.

As a check for transmission errors, a parity bit can be included with
the option of odd or even parity. If odd parity is used, the total
number of bits at logic 1 (ignoring start and stop bits) should be
odd. Therefore if the character code contains an even number of 1's,
a parity bit is added to make the total odd. Similarly, with even
parity the parity bit is chosen to produce an even number of 1's. Our
previous example with parity added will look like this:

A B
b —
0dd Parity 1o -3 gJ
Even Parily | [ i [

It can be seen that the parity bit makes the total number of bits at
logic 1 between A and B odd or even as required.

Echo back.

A parity check is a useful guard against transmission errors, but it's
not infallible. Far greater security results from using echo-back,
when each character is returned to the controller for comparison with
the transmitted data. This naturally slows down communication, but
the chance of an error remaining undetected becomes extremely small.

Baud rate.

All these variations on the basic format can be programmed into the
interface as part of the start-up procedure. However, there's
another variable parameter to mention but this one is set up automati=-
cally. Data can be sent over an RS232C link at various speeds. The
options available with the IF1 are 110,300, 600, 1200, 2400, 4800 or
9600 bits per second. A speed of 1200 bits per second is described as
1200 baud; assuming 12 bits per character (8 data bits, start, parity
and 2 stop bits), this is equivalent to 100 characters per second.

The interface senses the baud rate automatically during transmission
of a standard character from the controller. Note that speeds of 4800
and 9600 baud should only be used with echo-back.

Signal levels.

Both positive and negative voltages are used on the RS232C data lines.
The IF1 uses +12v and -12v, but in practice a fairly wide range of
voltage is acceptable because the receiver only has to distinguish
between positive and negative. The line levels are -12v for logic 1
and +12v for logic 0, as shown below:

: 1
Data 0 ! i 1

+12V
Line 0
Signal

-12V
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In the case of the control lines (DTR, CTS etc.) the positive line
level corresponds to "signal present".

The RS232C control lines.

An RS232C serial link can transmit and receive data using a minimum of
three lines, one to carry data in each direction and a ground. When
this arrangement is used, it is essential to use echo-back for
reliable communication. There are additional control lines available
which are supported by the IF1, as shown in the following list. These
lines enable both the transmitter and receiver to exercise greater
control over the transfer of data, and ensure that both units are
ready before transfer takes place.

Signal name Description Direction Pin no.
DTR Data terminal ready 0/P 20
DSR Data set ready /P 6
RTS Request to send 0/p 4
CTS Clear to send /P 5
TXD Transmit data 0/P 2
RXD Receive data /P 3
Ov. Signal Ov - 7

The line level is positive (+12v) when the signal is present, and
negative (-12v) when it is absent. The function is described as "set"
when positive and "reset" when negative.

Note that the data carrier detect function (DCD) is not supported by
the IF1.

Before the IF1 can transmit data back to the controller, all the
control lines RTS, CTS, DSR and DTR must be set. RTS and DTR are both
outputs from the interface, and these will be set prior to the start
of transmission. The interface will therefore not transmit data until
DSR and CTS are both set. The following section gives further details
on the operation of the DTR line.

Control of data transfer.

Characters sent to the IF1 are received by a UART and then loaded into
a 6U-character input buffer. Transfer from the UART to the input
buffer takes place at approximately 1mS intervals, which means that
characters can be transmitted safely at speeds up to 2400 baud. Above
this speed, it is possible for characters to be lost by being
overwritten before they get transferred to the buffer. It is
therefore essential to use echo-back at rates above 2400 baud. If the
correct character is not returned, the cancel character "# <CR>"
should be sent before retransmission is attempted.

If characters are sent to the IF1 more rapidly than they can be
processed, they will accumulate in the input buffer. Long strings of
characters sent at high speed could therefore cause the buffer to
overflow, and to guard against this the interface resets the DTR line
if the buffer becomes 80% full. DTR is set again when the buffer has
become less than 20% full. The controller should therefore interrupt
data transmission if this signal becomes reset.
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The DTR line is normally connected to the DSR input at the controller.
Not all controllers support the DSR function, and in this case the DTR
line may be connected to the CTS input at the controller (see sample
connections in appendix).

An alternative method of controlling data transfer by software is to
use the X-on, X-off mode. If the IF1 buffer is 80% full, an X-off
character (13 Hex) is transmitted to the controller to terminate data
transfer. When the buffer becomes 20% full, X-on (11 Hex) is trans-
mitted to advise the controller to resume transmission. This facility
is very useful when the controller features this form of handshake,
since only a simple 3-wire connection is required for communication.

Alternative connection methods.

The connection method employed will depend on the facilities available
in the controller. The 5-wire system should be used wherever possible
as this offers the greatest security, and a typical connection scheme
is shown below.

Controller 1F1 Interface
1 1 Scr
2 - 2 XD
3 > 3 RXD
4 4 RTS
5 - [:: 5 TS
; N e
20 - 20 DIR

Always check the controller manual for confirmation that these
connections are correct.

The 5-wire system may be used without echo-back at speeds up to 2400
baud. If strings of more than 64 characters are to be transmitted,
the DTR output must be monitored to check for the "buffer full"
condition. Echo-back must be implemented if higher baud rates are to
be used, however this does not guarantee that the effective data
transfer rate will be improved.

Note that if no connections are made to the two input control lines
CTS and DSR, they will be held negative (i.e. reset) by resistors R1l4
and R15 on the IF1. The interface will not transmit any data under
these conditions.

Where the controller cannot support the additional control lines, the

3-wire system may be used as shown below. As with the 5-wire system,
echo-back should be used at speeds above 2400 baud.
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Controller , IF1 Interface

1 _ 1 Scr
] >< —3 w0
L5 oo
= b
20—>—l 20 DTR

The following chart summarises the requirements of the two systems.

3-WIRE SYSTEM.

Baud rate maximum echo-back
char. string required?
up to 600 any no
1200 or <64 no
2400 >64 yes
4800 or any yes
9600

5-WIRE SYSTEM.

Baud rate max imum echo-back need to
char. string required? check DTR?
up to 600 any no no
1200 or <6U no no
2400 >64 no yes
4800 or any yes no
9600

Note that if echo-back is used it is unnecessary to monitor the DTR
line since echo-back only occurs after a character has been processed.
For this reason the use of echo-back will slow down communication to
an extent dependant on the data being sent. 1In general the fastest
communication will be achieved using a 5-wire system at 2400 baud
without echo-back, monitoring the DTR line to control data transfer.
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INSTALLATION

Power Requirements

Power required by the interface is +5V DC +/-0.1V at 900mA, +12V and -
12V 10% at 30mA. The IF1 power supply card generates fully-isolated
+5v, +12v and-12v rails to power the interface. It plugs into the IF1
motherboard and can derive its input power from the +24v drive logic
supply or from an independent +24v supply. The power supply card also
incorporates power drivers to give the five optically-isolated outputs
a switching capability of 0.5A at 30v.

When the motherboard is fitted in a standard Digiplan rack, power
connections will be made automatically via the 8-way jumper cables
connecting the interface to the drives. To use an external +24v
supply, remove links 1 and 2 from the motherboard and connect the
external supply to PL3 terminal 7 (Ov) and terminal 8 (+2U4v). If the
interface is being driven from a separate 24v rail and there is no 24v
supply available from the stepper drive, links 1 and 2 should be
inserted. This is necessary in order to power the opto-isolators on
the interface outputs.

Fault disable links.

The X and Y drive outputs include a fault connection which will halt
the interface in the event of a drive fault (the auxiliary Z axis has
no fault connection). The interface requires to see a logic low on
the X and Y axis fault inputs even if no drive is connected. To
simulate a working drive where none is fitted, fit link 3 for the X
axis and link Y4 for the Y axis.

Motherboard connector identification.

PL1 14-way connector for the auxiliary inputs and outputs

PL2 25-way D-connector for the RS232C port connection

PL3 8-way connector for emergency stop, limit and
external +24v supply connections

PLY X drive connector

PL5 Y drive connector

PL6 Z drive connector

PL7 expander connection (for future use)

Connections to the RS232C Port (PL2).

The alternative connection methods have already been discussed in the
previous section. A full list of terminal functions appears in
Appendix 2. Appendix 3 gives examples of connection schemes for
specific machines, and it is recommended to use these where
appropriate since they have been proven in practical tests.
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