SECTION IV

MANUAL PROGRAMMING

4.1 POINT-TO-POINT PROGRAMMING.

Most positioning programs can be prepared by the programmer manually writing
a manuscript followed by a clerk transferring the data onto a program tape. The
following steps are usually involved:

1, Workpiece dimensioning. The programmer studies the engineering
drawing and adds any dimensions required that are omitted or not in
the proper format for the control, For example, absolute dimen-
sions must be converted to incremental dimensions, holes on bolt
circles must be broken down into X-Y moves using trigonometric
tables.

2, Tooling and Fixturing. The means for holding the workpiece down
must be determined, and, if necessary, sketches provided to the
operator, The tools required for machining must be specified, if
possible, through use of a tool drawing classification system that
includes tool setting information. Figure 4-1 shows a typical tool
classification list which includes the following:

a. Cutting tool name, ID number, diameter, length,
material composition, number of teeth and flute
length

b. Toolholder information

c. Adapter or extension diameter and length

d. Special information such as tool configuration
parameters

e. Tool part number

When tool changes are made, some method of adjusting for random
length tools is required. This may be done using either of the
following methods:

Method 1: Tool length compensation using a presetting height gage
with micrometer adjustment, This gage has a 1"
micrometer adjustment that allows setting tool lengths
within , 001" (see Figure 4-2). The arm is removable,
permitting it to be changed from one to another of the 1"
step spaces.,

a. Using the height gage, measure the length of each tool.
This value is entered below as TOOL LG.
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PRE-SETTING HEIGHT GAGE
WITH MICROMETER ADJUSTMENT

THIS GAGE HAS A I"MICROMETER ADJUSTMENT THAT ALLOWS
SETTING TOOL LENGTHS WITHIN +£.00l. THE ARM IS RE-
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Figure 4-2. Tool Length Compensation




b. Subtract each tool length from the length of the
longest tool. Enter this value as ZV.

c. The Z axis tool length compensation move (ZTLC)
can be calculated as follows:

ZTLC = ZV (IOOL NO. n-1) - ZV (TOOL NO, n)

For example;

ZTLC (3) = ZV (2) -ZV (3)
=.500 - , 250
= .250

d. Each time the operator changes tools, he also
manually moves the Z axis the required tool length
compensation distance. (Literally, the tool will be
set at the Z axis startpoint),

NO, 1, 2, 3. 4, 1.
TOOL 13 /32 19/32 19/64 .201 13 /32
TOOL MAX. 4,625 4,625 4.625 4.625 4,625
TOOL LG, 4,625 4,125 4,375 3.625 4,625
zv 0 .500 .250 1,000 0
ZTLC Z -.9500 .250 -.750 1,000

A modification of this method involves the use of a tool classification system
together with the use of the 12-position Automatic Turret Stop. Fixed pre-set
stops are used as depth posts in the turret with the following assigned values:

Turret Stop 1 2 3 4 5 6 7 8 9 10 11 12
Quill Travel .5 1,0 1.5 2.0 2,25 2.5 2,75 3.0 3.25 3.5 3.75 4.0

In the above example, the initial turret stop position would be position 8 3.0m).
For tool 2, the turret stop would be set to position 10 (3.5"); for tool number 3,
position 9 (3. 25"); for tool number 4, position 12 (4.0") and, at the end of the
program, the turret stop would be reset to position 8. Using this method, no Z
axis tool length compensation move is required when changing tools.

Method 2: This method enables adjustment for random length tools
at run time by using the Z axis mechanical read out
counters,




a. With the quill down, establish a Z axis reference plane in air such
that the longest tool clears the top of a reference surface. Enter
the reading of the Z axis mechanical counter in the table below as ZI,

b. Use a feeler gage and -Z axis moves to bring the top of the reference
surface up to within , 010" of the tool. Enter the reading of the Z axis
mechanical counter in the table below as Z2,

c. Repeat this for each tool using the same Z axis reference plane and
reference surface,

d. Tabulate this data in the order that the tools will be used, including
the change from the last tool used back to the first tool.

e. Calculate ZV by subtracting Z1 from Z2, The Z axis tool length com-
pensation move (ZTLC) can be calculated as above in Method 1.

f. The operator manually moves the Z axis the required tool length
compensation distance,

Startpoint Identification. The workpiece can be mounted at any position on
the table. In writing up the part program, it is necessary to define the
program startpoint. This is the point at which the tool rests before beginning
the machining operations. When the workpiece is clamped to a fixture on the
table, the distance from the center of the spindle to this zero reference point
must be determined. The table must be moved using the manual console con-
trols so that the spindle center is directly above this zero reference point.
The X, Y, Z table coordinates of the workpiece zero reference point can be
read directly from the mechanical digital counters located on the drive
housings. Each time a set-up for a new part is made, this zeroing procedure
has to be repeated.

It is suggested that the starting point be selected to allow for loading and
unloading the part with minimum interference from the tool and holding
fixtures. In general, the startpoint should be clear of the workpiece and
at a convenient location for tool load /unload.

Operation Sequence. The programmer plans the type and sequence of
operations. For example, drill point wander may occur if the surface of
the part is not square with the drill or has a rough finish, or if the point of
the drill is not rotating at or has been sharpened off its true axis. The best
practice is to first spot the hole location with a spot drill, then drill to size
with the shortest drill available. Drill bushings are not required.
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List Necessary Control Data. Using the Programming Sheet (Figure 3-4) all

the appropriate machine operations and functions are written in the language of
the N/C tape format.

List Machining Instructions. Any function not a part of the program will have

to be incorporated as part of the machine operator's set of instructions. For
example, the operator will be given explicit instructions when to change tools,
what tools are to be loaded into the spindle, and what spindle speed to use.

Prepare Tape. The part program manuscript is released to a clerk who will
then prepare the punched tape.

Check Tape. Any programming or typing errors will lead to scrap being

produced instead of the desired part. Some errors could be catastrophic.

One method of checking the tape is to cycle the control without a tool in the
spindle. Other methods include cutting foamed plastic material, three dimen-
sional plots drawn by a high speed drafting machine, CRT displays of the tool
path, etc.




PROGRAMMING EXAMPLES

Example No. 1. Point-to-Point Drilling (2 Axis)

A simplified positioning program is shown in Figure 4-3. The spindle is started
(m04) and coolant turned on (m07). The tool is then directed from the startpoint
to move sequentially to points 1, 2 and 3. At the end of each move, the quill actu-
ator is directed to cycle down and up (m51 code). The tool then returns to the
startpoint and the tape is rewound (m02) back to the rewind stop code (RWS).
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Figure 4-3. Simplified Point-to-Point Drilling Example
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