








Section 2 of this report described the original CAD/CAM
system used on the site. This section will describe the
general alterations made to the system in ordec to
facilitate the electronic transfer of CAD/CAM data to the
NC and CNC machines on tha shop floor. The system can be

divided into three distinct components :

BTR INTERFACE : The software and harcware used to read NC

programs into the NC machines.

BTR NETWORK : The system used to transfer electronic data
to the location of the NC machines (shop floor) so that it

can be read into the machines by the BTR Interface.

BTR DATABASE AND UTILITIES : The system used to manage and
store the =2lectronic output (NC programs; of the NC

Programming department. and make it available for transfer

by the network.

Figure 4.1 shows how these three components intersct to

form Lhe BTR syetem.

4.1 BTR Interface

The BTR Interface is described in detail in Sections 5 and
6. It is the hardware and software used to read the NC
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provided by the software. these functions are :

Blccksearching : Searching for a particular line in the NC
Program. The lines are identified by a line number eg. N105

or 2034 etc.

Automatic loading of another NC Program : “his allows the
operator to load another NC part program.

The PC's are housed in specially designed steel cabinets.

These cabinets provide environmental protection to the PC's

residing on the shop floor.

4.2 BTk Network

The BTR network is described in detail in Section 8. The
;i twork allows the NC prog~am tc be transferred
electronically from the NC programming department to the NC
and CNC machines on the shop floor.

4.3 BTR Database and Utilities

———————————————————————————————————————

The BTR Database and Utilities are described in detail in
Section 7. The BTR database stores all the completed NC
programs on a hard disk in the NC Programming department.
The programs are then accessed via the network by the BTR

interface software on the shop floor.
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Characters were punched according to one of two industry
standard character codes, EIA RS-244-A or ASCII (EIA RS-
358). These codes and an example of the paper tape used
appears in Appendix A. The NC machine controllers can be
set t. vead either of the character codes. Figure 5.1 is a
diagram of a typical paper tape reader. The paper tape is
fed between a light source and bank of nine photoelectric

cells by means of two sets of pinch rollers and two reels

to contain the paper tape.

X,

Fig 5.1 Diagram of a typical Paper Tape Reader

The paper tape is fed across the bank of photoelectric
cells character by character. (A character on the paper
tape is represented by a row of up to eight holes and a
smaller spfocket hole, all alongside each other across the
width of the tape - See Appendix A). Light emitted by the
light source passes through the holes in the paper tape and

energizes the phctoelectric cells beneath each hole. The




cells that are exposed to the light produce a voltage of
approximately 0.5V. The individuai voltages are then passed
through an awplifier which amplifies the relevant energized
circuits to 5V. This produces a row of parallel voltages of
either OV or 5V. Figure 5.2 below illustrates this process.
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Fig 3.2 The Paper Tape Reading Process

As illustrated in Appendix A, each character has a unique
representation of punched holes in paper tape. As explained
above, these codes are transtormed into eight parallel
voltages, (TTL compatible, ie. either 0V or 5V), and can
therefore be recognized by the NC machine controller and
processed accordingly. The NC machine controllers continue

to read characters until a carriage return or end-of-block
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character is encountered. The NC machine then performs the

operation and upon completion, begins rz2ading the next

sequence of characters.

5.2 Paper Tape Reader Intcrface Control Signals

All the paper tape reader interfaces that were investigated
during this project, irrespective o. make and model, made
use of two basic control signals to pass data through the

paper tape reader interface. These control signals are :

- Sprocket (strobe) signal
- Busy signal

The sprocket signal is produced by the small hole the
paper tape between track 3 and track 4. This signal alerts
the NC machine controller that a character on the paper
tape is above the photoelectric cells and the relevant
tracks, (of the eight parallel data tracks), have been
energized and the character can now be accepted by the NC
controller. The size of the sprocket holes on the paper
tape is smaller than the data holes. This is to ensure that
all the relevant data tracks have been energized before the
sprocket sigual is produced. As a character on the paper
tape moves across the photoelectric cells, light passes
through the leading edge of all the data holes and the
relevant data tracks become energized. The character then
continues to move across the photoelectric cells and light
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The data transfer sequence is as follows : Initially the
busy signal is high (5V), indicating that the NC controller
is processing the previous character. As the busy signal
becomes low (0V), the tape reader energizes the 1alevant
data tracks to 5V. A short while later the sprccket signal
is energized to 5V. At this point the NC controller accepts
the character and sets the busy signal to 5V while it
processes the character. The sprocket signal is then set
back to OV and finally the data tracks are set bavk to 0V
as the holes move off the photoelectric cells. The tape
reader then waits until the busy signal is reset toc OV and

the sequence begins again.

Figure 5.3 is a general description of the data transfer
sequence.” The paper tape reader interfaces differ between
different wakes and models of pa- tape readers. For
example, the data tracks are often inverted, ie active low,
and the busy signals supplied by some NC contrcllers stay
active until the data tracks beccme non-active. In gsome
cases a aecond sprocket signal is artificially gereratec
after the data signal has become non-¢' tive in order to

signal the end of the sequence.

Another important consideration is the timing of the
signals. Most of the tape readers investigated in this

project read data at a speed of approairately 300

“characters per second (cps). This is equivalent to 3.3

milliseconds per character. However, some of the readers
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