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could be adjusted to read up tc 800 cps. The cycle time at
this speed is 1.25 milliseconds. The time lapse between the
start and end of each of the signals, (data, sprocket and
busy), and the time lapse between the various signals also

differ widel!y between the different models.

Although the interaction of the control signals and the

timing aspects of these signals differ between the various
makes and models of paper tape readers and interfaces, the %

principle of the sequence of parallel data transfer r.mains

the same.
5.3 IBM Personal Computer Printer Interface

Before ic is possible to explain the method of interfacing
an IBK personal computer or comps-ible (FC) to an NC
machine controller, it is necessa.,k to describe certain ’s’

aspects of the PC’s hardware.

T™he ovrinter interface has a 25-pin, D-shell connector
mounted on it. The conrector protrude: throungh the rear of

the panel ot the system or expansion unit, wheve a cable

may be attached. (See Figure 5.4).

Each of the 25 pins in the D-shell connector is controlled

by an area in the FC's nternal memory. By placing 8-bit H‘
binary values in certai. emory locations, pins in the D- S
e o

shell connectcr can be loaded with either 0V or SV.
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Fig 5.4 The Printer Interface and Connector

Conversely, by reading 8-bit binary values from certain
other memory locations, voltaces placed by external devices
on the pins of the D-shell connector can be *read in".
These input voltages supplied by the external device must
be either OV or 5V. The memory locations and associated
pins used for the purposes of this project are listed in

Table 5.5.

To illustrate the abo.e process, consider the character "N"
and 1t'§ associated B8-bit binary value of 0100 .110. If
this value is loaded into hexadecimal address 378 (address
H279), éigsli;ﬁ on the bD-shell connector are loaded with

the following voltages : .

33

VIR cRB RN WRR DR

(SO

Se——,







35

To illustrate the "reading" of voltages or input of

'M
b voltages on pins in the D-shell connector, con‘ .der a
% voltage of 5V placed on %in 11 by and external de ce 3
( Bit0 *
; Bitl *
- Bit2 +
£ Bit3 « | '
. Bit4 * i3 \
& Bit5 * R
| Bt ¢ -——— 1 1 1|
5V on Pinll......Bit7 1 ok 4o d 4
GEagy 0 i
\ * > % * & & * »
\
PN :
5 Address H379 : 8-bit g
? binary value with 2
% 1
2 bit7 set tc 1 :
!
ﬁ; The character representing the 8-bit binary value in the 10)
; above example will alter depending on the input voltages on ?‘
? the other seven pins associated with Address H379. In order
'é to ascertain what voltage {either 0V or 5V) has been placed
5 ¥
. g on pinll, it is necessary to extract the value of bit7 from
. the binary value in Address H379. To do this, the binary
= é value in Address H379 must be "logically AND'ed" with the

binary value 1000 0000. For example, assume the value of
Address H379 was 1101 1000 :

1101 1000 Value of Address H379
AND 1060 0000
1000 0C0O

The resuit is the 8-bit binary valuve with all bit positions




Pets
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S R N R

M R R

M
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i
¥
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JQQ’ s

set to zero except bit7 which has the value of bit7 in the
original 8-bit value.

The above logical operation, AND, produces a non-zero value
:ndicating that pinll in the D-shell connector had a
voltage of 5V loaded on to it. If the result of the logical
operation had been 0000 0000 (zero), it would indicate that
pinll had OV placed on it by the external device.

5.4 Simulating Paper Tape Readers Using PC's

In section 5.3 it was explained that by loading the 8-bit
binary value of the ASCII character "N" into address H378
produced a set of 0 TTL compatible voltages on pins 2-9 on
the D-shell connector. These 8 voltages exactly match the 8
voltages produced by the paper tape rxreader in figure 5.2
when reading the character "}" {rom the paper tape. This is
how the BTR (Behind Tape Reader) interface functions. Pins
2-9 on the D-shell connector are connected to tracks 1-8 on
the paper tape reader interface after the amplification
stage. By writing the 8-bit binary values of ASCII
characters to address H378, the PC can emulate a paper tape
reader by supplying the NC controller with TTL compatible
data.

In ordex to supply the .iC controller with a sprocket
signal, pinl on the D-shell connector is ccnrected to the
sprocket track on the paper tape r.ader interface after the
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parallel interfaces are available for the printing and
punching of part programs, the interfaces used for the
transfer of part programs to CNC controllers were s.rial
interfaces.

In 1969 thoxn (Electronic Industries Association), Bell
LAboratories and manufacturers of communications equipment
cooperatively formulated and issued the EIA RS-232
standard. This almost immediately underwent minor revisions
to become RS-232C. This standard has been widlely accepted
by industry and is the standard used by CNC machine
controller manufaccturers and therefore is also the st&ndard

used for serial data transfer in terms of this project.

Section 5 explained how the simultaneous transmission of 8
bit-veltages that constituted a byte form parallel data
transfer. This form of data transfer is carried out byte by
byte along 8 separate, discrete wires. Serial data transfer
on the other hand, is carried out bit by bit. Here the bits
constituting a byte (character) are transmitted along a
single wire cne after the other according to a
predetermined rate of tranefer (baud rate). Tha bits are
represented by the following voltages :

. logical 1 & -1SV
 Logical 0 : +isv

4]




For example, consider the character "N" being transmitted

serially. It's 8-bit binary value of 0100 1110 is
transmitted along a single wire with voltages of +15V and-
15V placed on it at regular intervals. Figure 6.1

illustrates this process.

TIME INTERWALS

Fig 6.1 The Character "N" Tramsmitted Serially

6.2 EIA RS-232C Interface Control Signals and Pin

Connections

The complete EIA R5-732C Interface specification
incorporates the us< of 21 wires and pin connections.
However, for the purposes of this project, only 5 pin
connections are used. The reason for this is that the
coaplatqhgpogifiqqgign provid.s tor sophisticatod control
aaasurct tor data t:nnstgr over lonq distancos at high
sp.od Many of thono dnta transfer control measures are not
required for simple, short distance data transfer as used






Pin7 : cmou : This pin is mandatory in all RS-232C
cabli.ng conmctiona. Pin7 on both devices are connected to
each other. It provides the reference point for all

interface voltages.

Pinitiﬁ : DATA I'BRJ!IIAL READ. : This pin signals the
rocei.ving devlco that the transmitting device is poweted up
and 13 toady to operat:e. Pin20 on the PC is therefore
connoct.ed to p.i.ns on the CNC cuntroller. Conversely, Dpiné
on the PC is connected to pin?0 on the CNC controller. This
allows the“Pc and CNC countroller that they are powered up
and ready to operate.

The pin connections between the PC's and the CNC

controllers are graphically illustrated in figure 6.2.

PC 25 PIN CNC 25 PIN
D-SHELL O-SHELL
COMNECTOR CONNECTOCR

‘ ITRANSMIT DATA TRANSMIT DATA
PIN 2 | “—70 B¢ PIN 2

TO CNC

S L\E“ RECEIVE| _ = 4
DATA FROM CNC DATA FROM PC
PC IS CNC IS
PIN 6 | READY | VIN 6
3 1s PC
meady 3 C'N 20

_ COMMOM PIN 7

's Between PC and CNC Controlier
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