


Most CNC machines have a special feature known
as parametric programming, also referred to as
macro,? in which a part program can be written using
variables and parametric expressions to represent the
machine axis position (x, 3, z, a, etc.), feed, and speed
functions.’ Similar to computer programming lan-
guages such as Pascal or C, computer-related features
such as variables, arithmetic, logic statements, and
looping can be implemented in a parametric program.
This programming feature allows the user to load a
single part program for a family of parts to the CNC
controller. The part program is then called up for
machining a similar part or similar feature on differ-
ent parts. The process involves a simple entry of para-
meter values into the machine controller. For example,
several cylindrical parts may have two common para-
meters, such as diameter and overall length. A single
parametric part program can be called up from a main
program for machining such a group of similar parts.
Upon loading the main program, the values of the two
parameters are entered; then these values are trans-
ferred to parametric subprograms. This approach
could minimize the number of program changeovers,
reduce the redundant codes in the part program, and
shorten the length of the program.

Methodology

In this study, three part families are considered to
mnvestigate the effects of blending CSSP and para-
metric programming in improving the efficiency of
CNC operations. The efficiency improvement is
determined based on two factors: (a) number of pro-
gram changeovers and (b) number of NC files and
size of part program. As the number of part types
within a part family increases, the number of program
changeovers or setups is expected to increase. The
number of NC files and the size of the part program
can have a significant effect on file management and
memory space when the number of part types within
a part family is relatively high. Based on the afore-
mentioned factors, an efficiency improvement (EI)
measure is defined as follows:
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where

n is the part family size

N; is the number of NC instructions (lines) in the
conventional NC program for a part type i in the
family

P is the number of NC instructions (lines) in the
parametric program for the same part family

W is the weight factor

The methodology consists of the following steps:

Step 1. Develop CAD files for the three part
families.

Step 2. Generate NC codes using CAD/CAM soft-
ware® for the parts’ CAD files.

Step 3. Write a single parametric program for each
part family.”

Step 4. Compare the two types of part programs
developed in steps 2 and 3 using the EI
measure.

The weight factor, W, is empirically determined
using a Bridgeport CNC mill and a PC. It was
observed that the ratio between the times to change
programs, including clearing the control memory,
and locating a program to program downloading time
from a PC to CNC is roughly 4:1 (W = 80%). This
indicates that for the cases studied here, the effect of
program length on EI is not as significant as the
effect of machine stoppage for program changing
(see Table I).

Analysis of Results

Part family I consisted of five parts (n = 5), as
illustrated in Figure 1. A single parametric part pro-
gram for machining this part family is shown in the
Appendix. ‘

The numbers of instructions in conventional NC
programs for individual part types were 66, 37, 132,
104, and 132. The number of executable NC instruc-
tions in the corresponding parametric program was
45 lines. The overall EI due to application of para-

Table 1
Program Changeover and Downloading Times (seconds)
Part Family
, I n 1m
Changeover time 40 35 27
Downloading time 11 8 8
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