SECTION III

TAPE CODES AND FORMATS

3.1 CONTROL TAPE

The input medium to the control system is one-inch width punched tape with dimen-
sions conforming to EIA Standard RS-227. (See Figure 3-1). A number or letter
is expressed as a combination of '"holes" and '"no-holes" across the tape. There
are two standard formats for the tape-coded combinations which represent charac-
ters. One format was established by the_Elect ronics Industries Association
(RS-244) and is commonly referred to as EIA Standard. The other format is known
as the American Standard Code for Information Interchange and is abbreviated as
ASCII The Br1dgeport N/C system accepts either tapes coded in the EIA or

ASCII format, A switch is provided in the rear of the logic compartment for the
seIectmn of the format to be used in any particular run. The codes used are
shown in Figure 3-2. Note that for numeric values, both the EIA and ASCII codes
are similar for channels 1 throggh 4,

For numeric codes, these channels are assigned weighted values of 1, 2, 4, 8
respectively. A "seven' is a combination of holes on channels 1, 2, 3. A "nine"
is a combination of holes on channel 4 and 1. This method of individual digit coding
is known as Binary Coded Decimal (BCD).

A row of holes" and "no-holes' punched acrosg the tape represents a character,
A_string of characters may be combined to_form a word. An examplem
could be the X-dimension command to the control. Or, it could be a y-dimension
command, a sequence number, a feedrate code number oran auxiliary function
code, A group of words may be combined to form a block A block of information
is one complete instruction to the ggufrol system. The Bridgeport N/C system re-
quires that words within a block of information be separated by tab codes and that
the last word in a block be punctuated by a end of block ‘E OBZ code,

This method of tape formatting is known as tab sequential. Figure 3-3 shows
a short block with a sequence number N=1; XYZ commands X=1,25, Y=.75,
Z=.5; a feedrate code of F=0; and an auxiliary function code M=57.

Thus: 1, 1.25, .75, .5, 0, 57$

The tape codes used by the Bridgeport N/C system are as follows:

NOTE: The use of any code other than those listed below can cause faulty
operation,

LEADER
It is recommended that the leader before and after the tape-coded program be a
strip of tape having only drive sprocket holes. Twenty-four inches (24") of leader

should be used before and after punched information to enable insertion of tape in
the reeler hubs,
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REWIND STOP (1) RWS |
This code is normally placed in front of the first block of information. During re-
winding, the tape reader will stop at the rewind stop code,

TAB ( ;

his code separates words within a data block. Two sequential registers are used
to decode the input tape - one register advances each time a non-decimal word
(n,f, m) is read within a block, the other register advances each time a decimal
word (x,y,z/i,j) is read within a block. To advance the non-decimal word register
without entering information, consecutive tab codes are used :

»»m enters information into the m register without updating either
the n (sequence number) or f (feedrate) storage registers.

MINUS (- .

The minus code indicates travel in the minus direction. If motion is positive,
the plus sign must be omitted with ASCII (optional EIA). Conventional travel
direction of the tool relative to the workpiece is shown in Figure 1-3,

NUMERALS, DECIMAL POINT
Data words consist of numeric codes and are of two tXRes:

Words not containing a decimal point (n,f, m) and consisting of up
to two numeric codes,

Words containing a decimal point X,5,2 /i,j) and consisting of up
to six numeric codes. : -

END OF BLOCK §$z
This code separates blocks of information on tape. It initiates action by the con-

trol system on information received.

DELETE

The delete code is used to delete tape punching errors, It is ignored by the con-

trol system. Incorrect characters anywhere on the tape can be punched over
with the delete code.

3.2 TAB SEQUENTIAL FORMAT

Typically, in using the tab sequential format, words in a block of information
have to be in a fixed sequence. Each time a tab code is read, the control enters
the word preceding the tab code in a register and then a distributor advances so
that the next word is entered sequentially in the next register, The following
registers can be commanded by tape instructions in the Bridgeport N/C system:
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Register Name Description of Contents

n Sequence number

X X axis incremental move

y y axis incremental move
z/i z axis incremental move or

i arc offset value
j value arc offset value
f feedrate number
m auxiliary function number

This means that ordinarily it would take 6 tab codes to update the "m"

register. However, the Bridgeport N/C system separates the above words

into two kinds - those that contain decimal points (x,y,z/i,j) and those that do
not contain decimal points (n,f,m). The control has two distributors, one that
is initially set at "n'* and advances sequentially through n,f,m every time a
non-decimal point word is read (including successive tab codes), and a second
distributor that is initially set at "x'" and advances sequentially through x,y,z/i,j
every time a decimal point word is read. Thus, to enter an "m' 50 auxiliary
function code by itself, the following block of data must be used:

(tab) (tab) 50 (end of block)

Using a tab code that is not preceded by numeric information has the effect of
skipping over a non-decimal point register without updating it.

To enter a Z move of +.5", the following block of data must be used:

.0 (tab) .0 (tab) .5 (end of block)

If either the x,y,z/i or j word equals zero, it must be entered preceding a tab
code as ".0". (The "+" code is optional in EIA code, and should not be used in
ASCII except for use as a Rewind Stop Code).

A block of information many contain 1 to 7 words. The alphabetic characters
x,¥,z/i,j.n.f.m) are used for purposes of register identification only and must
not be contained on tape.

The tape coded numeric characters 0 through 9 are shifted sequentially into

the reader input buffer register as they are read off tape. For decimal point
words, a counter counts the number of digits to the right of the decimal point,
and, if the number of digits is less than four, fills up the remaining digits with
zeros when a tab or end of block code is read. This adjusted value is then dis-
tributed out of the reader input buffer register into the proper decimal point
word storage register. At least one digit must be to the right of the decimal
point word. If the z value is .0 it need not be programmed. If the y value is

.0 and the z value is .0, neither the y value nor the z value need be programmed,
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For non-decimal point words, only the last two digits are transferred from the
reader input buffer register into the designated n,f, m storage register. Thus,
the number 870053914 will be recognized by the control as 14. Delete codes are
ignored by the control. If, in the preceding 9-digit number, the 9 and 1 were
over-punched with delete codes, the control would recognize the number 34.
Zeros in the tape can be over-punched with any other numeric (1 through 9) code.

The programming format for the Bridgeport N/C contouring control, in
accordance with EIA Standards RS-274B, is as follows:

n2.x+24.y424.2/i424.j+24.12. m2. EOB

3.3 PROGRAMMING SHEETS

The prepared programming sheet is an aid to program writing in that it enables
the part programmer to follow a uniform format. The standardized form enables
programmers to communicate with each other more easily and with the machine
operator. Figure 3-4 shows a reproduction of the Bridgeport N /C Part Program
sheet,

Each line of information on the programming sheet contains a block of data. A
block of data is one complete instruction to the control system. Each column in
the programming sheet represents a word of information. A word of information
updates the contents of a particular register in the control. A block of data may
contain from 1 to 7 words.

The order of columns from left to right is the recommended sequence that words
be entered into the control. Following the preparation of the programming sheet,
the data must then be processed and punched on a tape. The tape must have
essentially all the data on the programming sheet in the form of perforated code
equivalents to the written symbols.

3.4 BLOCK OF DATA DESCRIPTION

Specific information describing the characteristics of the various words used in
a block of data follows:

NOTE: The following symbolic conventions are used in this manual:

SYMBOL MEANING
, 1Tab' Code
$ 1"End of Block'" Character
* 1"Multiplied by" Symbol
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Sequence Number (N)

Each block of information may be assigned a sequence number. The last two
digits used in the sequence number word is displayed on the BCD coded STATUS
lamps. Controls are provided on the console to search the tape (in the forward
direction) for a particular sequence number code (SEARCH mode).

X Increment (X)

If the X increment is to be in the minus direction, a minus sign is enfered. No
sign must be used if the increment is to be in the plus direction. Zeros to the

left of the decimal point and to the right of the first digit following the decimal

point may be omitted. NOTE: A 1.0000 increment must be entered as at least
1.0 (or 1,00, 1.000, 01.0000). The maximum X increment input is 99.9999".

Y Increment (Y)

The direction and increment for the desired movement along the Y axis is entered
in the same manner as previously described for the X axis. The maximum Y
increment input is 99.9999".

7 Tncrement (Z)/LArc Offset (I)

This word is either the direction and increment for the desired movement along
the Z axis as described above, or in the case of circular interpolation, it is the
signed distance from the center of the circle to the startpoint of the arc T

measured along the X axis, The maximum Z increment 7T Arc Offset value is

99.9999",

J Arc Offset (J)

“Circular Interpolation). The signed distance from the center of the circle to the
startpoint of the arc, measured along the Y axis, The maximum J Arc Offset
value is 99.9999".

Any arc with a radius of 99.9999 inches or less which falls in one quadrant
can be programmed with a single block of data. Arcs which lie in more than
one quadrant require two or more blocks of data. _Positioning information
__which must be supplied to the control includes the X and Y axis increments to
the final point on the arc and the location of the initial cutter position in rela-
tion to the center of the arc, The latter two values are the I and J arc offsets -
the distance from the arc center to the starting point, measured respectively
along the X axis and Y axis. See Figure 3-5.

As an introduction to the next remarks, it must be understood that the standard
convention used in N/C programming is that all angles originate from a line
passing through the center of a circle and parallel to the X axis in the +X
direction of the tool relative to the center. Increasing angle is defined by a
vector rotating counter clockwise from zero. Note also that quadrants are
described with this convention as follows:
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First Quadrant e ____________ 0 - 90 degrees

Second Quadrant ~—————______________ 90 - 180 degrees
Third Quadrant  —————______________ 180 - 270 degrees
Fourth Quadrant —-———_______________ 270 - 360 degrees

For example, an entire 2. 0" radius circle starting at 0 degrees and traveling
counterclockwise to 360° would be programmed as follows: n,x,y,i,j)

1,-2.0,2.0,2.0,.08 ~—-ccmeee o __ (arc from 0 to 90 degrees)
2,-2.0,-2.0,.0,2.08 ——______________ (90 to 180 degrees)
3,2.0,-2.0,-2,0, ,0$ ~~——ommomm___ (180 to 270 degrees)
4,2.0,2.0,.0,-2,08 ——mmeeeo________ (270 to 360 degrees)

A 2.0" radius circle starting at 360 degrees and traveling clockwise to 0° would
be programmed as follows:

1,-2.0,-2.0,2.0,.0% (360 to 270 degree arc)
2,-2.0,2.0,.0,-2.03 (270 to 180 degrees)
3,2.0,2.0,-2,0,.0% (180 to 90 degrees)
4,2.0,-2.0,.0,2.0% . (90 to 0 degrees)

Figure 3-6 summarizes the sign values of X, Y, I, J in each quadrant for (a)
clockwise rotation arcs, and (b), counterclockwise rotation arcs.

Figure 3-7 shows typical examples of misprogrammed circles. For a quick
check:

[ + X cannot exceed R, the radius of the toolpath arc.
J +Y cannot exceed R

X*(X+2*I) must equal Y* (Y-2*J)

R=SQRT ([*I+J*J)

NOTE: Positive values are used in the ab‘ove equations for X, Y, I, J,

Feedrate Number (F)

The feedrate can be brogrammed on tape directly in inches per minute (ipm)

as a number from 1 to 39, A feedrate code of 0 will set the system in rapid
traverse. If the system is in rapid traverse and a -Z move is programmed

(and even if an X and /or Y move is concurrent), logic in the control system

will limit the rapid traverse to 24 ipm, if a 42 is programmed, rapid traverse
will be 40 ipm. (This only applies if the major axis of motion is Z.) For X

and Y moves (in data blocks without Z motion), the rapid traverse will be 80 ipm,

Logic is provided to maintain constant vector velocity in the feed ranges,
Additionally, the Z axis feedrate can be entered directly without adjustment for
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CIRCLE CENTER

_ / EXAMPLES OF ARCS WHICH CAN

BE PROGRAMMED IN ONE BLOCK
OF INFORMATION

Y
/'\{2)
4 \ \mx
< \ (2 EXAMPLES OF ARCS WHICH MusST
| BE PROGRAMMED IN MORE THAN
ONE BLOCK OF INFORMATION
Y X = X2-X1
Y =v2-Y1L
ARC CENTER I=X1-X%XC
Coordingtes XC,YC - X =2 ARC J = vi-YC

i | END POINT
b=1 il coord:pres X2, Y2

1 T ARC ILLUSTRATING
j=“3 ; X.¥,I,J VALUES
] 2.0,2.0, I.o)—3.0$

ARC
START POINT
Coordinates x1,Y1

Figure 3-5. Arc Programming Examples
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