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Introduction

Introduction

This book has been on my mind for a
long time. However, it was not until |
sold a couple thousand copies of

7 Easy Steps to CNC Programming. . .A
Beginner’s Guide that 1 realized there is
such a thirst for information on CNC ma-
chines, programming and concepts.

Over the past couple of years I have col-
lected a number of letters and requests for
more detailed information. And, over
the past 20 years as my duties evolved
from that of a machinist to a programmer,
supervisor and manager, I have become
aware of the need to clear up a number
of misconceptions about CNC machining.

The goals of this book are to do the fol-
lowing:

* Provide a glossary of CNC terms

» Present some of the basic concepts of
CNC

 Discuss the current state of CNC pro-
gramming

 Discuss the benefits of CNC machining

* Discuss some limitations of CNC ma-
chining

* Present some advanced CNC concepts

* Compare CNC machining with conven-
tional machining

* Compare CNC control capability with
Computer Aided Manufacturing (CAM)
systems

» Offer some important management tips
specifically related to CNC departments

I chose these topics for two reasons.

First, because many readers of 7 Easy
Steps to CNC Programming asked for
them. And, second as a manager of CNC

and CAM departments, 1 have had to
grapple with many of these issues on a
day-to-day basis.

This book is laid out differently than most
books on the subject. I realize that, as
readers of this book, you are probably
working in shops or departments that are
understaffed and over committed. 1 sus-
pect you don’t have the time or inclination
to wade through an exhaustive textbook.

So to better accommodate your needs, this
book is designed to be a quick reference

guide where you can find the information
you need in the least amount of time.

The first part of this book is a comprehen-
sive collection of answers to frequently
asked questions. For your convenience
there is a table of the FAQ’s with the cor-
responding page numbers. (see page 7)

Following are additional chapters that pro-
vide some detailed discussion on:

* CNC Machining Accuracy

+ Control Capability and Type of Work
* Machine Axis Definitions

* Selecting the Right CAM System

* Current State of CNC Programming

Copyright © 2004 David S. Hayden - All Rights Reserved


http://www.SeniorManagementServices.com/7-steps-booklet-request.html

Frequently Asked Questions (FAQ)

Freqguently Asked Questions (FAQS)

CNC Background
What is NC / CNC?

NC is an acronym for Numerical Control.
CNC is an acronym for Computer Numer-
ical Control

What is the difference between NC and
CNC?

The difference between NC and CNC is
one of age and capability. The earliest
NC machines performed limited functions
and movements controlled by punched
tape or punch cards.

As the technology evolved, the machines
were equipped with increasingly powerful
microprocessors (computers). With the ad-
dition of these computers, NC machines
became CNC machines. CNC machines
have far more capability than their prede-
CEessOor.

Some of the enhancements that came
along with CNC include: canned cycles,
sub programming, cutter compensation,
work coordinates, coordinate system rota-
tion, automatic corner rounding, cham-
fering, and B-spline interpolation.

Where / how did CNC get started?

Controlling machines is practically as old
as civilization. A good example is the
early timekeeping devices such as water
clocks.

Numerical control, as an extension of our
desire to control machines, began in the
late 1940’s. At that time the US Air

Force needed automated machining of
complex, freeform airfoil surfaces. The
first development in this area was the
ability to drill holes at specific coordinates
programmed on punch cards. This
method, developed by John Parson, was
the first of its kind.

By 1951 the Servo-Mechanisms lab at
MIT had begun working at the task of
improving the process. A year later, in
1952, MIT introduced the first NC ma-
chine; a milling machine adapted with
electric servo-mechanisms and a control.

NC machines continued to evolve from
that point. Some of the early develop-
ments included the ability to use absolute
programming, metric programming, tool
length offsets, and a host of miscellaneous
commands to control spindle speeds, cool-
ant, spindle ranges, and so on.

1970 marked the introduction of Computer
Numerical Control and the CNC controller.
With onboard processing capability, the
new CNC controls could finally do the
complex computations necessary for cuter
radius compensation (CRC), sub program-
ming, canned cycles, etc.

In some ways today’s CNC machines do
not do a whole lot more than their 1970
counterparts. The newer controls have
significantly faster processors, a wider va-
riety of canned cycles, more memory and
so on, but basically they still move the
tool from point A to point B.

Without a doubt, newer CNC machines
are far more reliable than before. The
new controls no longer need huge cabinets
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stuffed full of heat generating, power rob-
bing fragile wiring. Now, all of the pro-
cessing takes place in one small cabinet.
The central processing unit sends com-
mands and receives feedback via small In-
put/output (I/O) boards connected to the
various relays, encoders and other feed-
back devices.

To improve reliability, control manufactur-
ers now use optical fiber rather than elec-
trical wiring to handle the communications
between the computer and various compo-
nents. This reduces heat and electromag-

netic interference that is inherent wherever
there is current running through a wire.

What background should a CNC ma-
chinist have?

This has been the subject of many de-
bates. There are a couple of schools of
thought.

At one time, and maybe still today, ma-
chine tool salesmen sold CNC machines
on the notion that they were so simple to
operate a “trained orangutang” could oper-
ate them. Consequently, many shops and
CNC departments are run is such a way
that the machine operator is just a button
pusher.

In other shops, management looks at CNC
machines as some of the most expensive
equipment in the shop and they want only
the best machinists running them.

Both schools of thought have their advan-
tages and disadvantages. And, each type
of operation has a different set of require-
ments.

A CNC operator shop that depends exclu-
sively on “operators” rather than machin-
ists, requires more supervision, better

programmers, and often specialized setup
people. These shops also need to look
for different qualifications in their employ-
ees. If your goal is to rely on lower cost
operators then, don’t hire people that as-
pire to be programmers, managers, sales-
men, etc., unless you plan on moving
them up in the company fairly quickly.
Instead, find people who are conscientious,
want to do a good job, like structure, are
more interested in their personal life than
their career. These operators must care-
fully and reliably follow written and/or
verbal instructions.

To be successful in this operation, man-
agement must also have a strong support-
ing staff that can provide fast, quality set
ups and error-free programs.

Since the operator may not be a strong
source of ideas regarding process improve-
ment, you'll need a very competent and
attentive supervisor, programmer or manu-
facturing engineer to monitor the ma-
chines. No shop can survive by doing
things the way they did them five years
ago. New tools, grades of carbide and
work holding methods serve to improve
efficiency and reduce machining times.

Remember, your competitors are trying
all the latest ideas so they can get
more business. If you don’t keep up,
your shop will lose business to them.

Some advantages of the CNC operator
shop include:

* Lower labor costs.
» It’s easier to find new employees.

* Operators tend to do what they are told
and do less second guessing.
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Z.1 - (rapid to .1 above the face)
G83GY98Z-6.Q1.F5 -(Canned cycle code
to drill 6.0”deep and
retract drill after ev-
ery inch of cutting)
M09 - (Turn coolant off)
G28X0YOM30 - (Return to machine
zero reference and reset
to start of the program)

There is a wide variety of canned cycles
to simplify hole drilling, back facing, bor-
ing and so on. CNC lathes have numer-
ous canned cycles that simplify the
programming of threads, stock removal,
and so on.

NURBS interpolation: What is it and do
I need it?

Here, “interpolation” means to estimate, by
computer calculation, intermediate value(s)

between two known values in a sequence

that describes a curve section.

NURBS is a mathematical formula for de-
scribing curves. NURBS is an acronym
for Non-Uniform Rational B Splines.

If the work you do is limited to lathe,
simple 2%, axis or even 5+ axis machining
you will probably never need NURBS in-
terpolation.

The NURBS Advantage

A NURBS-capable machine allows

highspeed machining operations on ma-
chines that cannot otherwise handle the
large volume of very short positioning
moves required to cut a NURBS curve.

Imagine the number of points required to
program a smooth curve. The greater the
number of points, the smoother the curve.
(see figs 2 and 3) Another important factor in

Fig. 2 - Points on a Circle

8 Points on circle

32 Points on cirdle 64 Points on cirdl

16 Points on cir¢le

Fig. 3 - Chords on a circle

Circle as compared to how it would teok
divided into 16 chord sections. Obviolsly,
more chords produce a smoother circle)

/\2.9424 05853

machining a smooth curve is continuous
tool movement. If the tool dwells for even
a hundredth of second, it will leave a vis-
ible mark on the part.

Since some of the moves between points
on the spline can be very small .001 or
less for tight curves, and since some cut-
ting speeds can be more than 100 inches
per minute, it is conceivable that a control
would have to generate 50,000 data blocks
per minute or 833+ blocks per second.
Even today, many controls are not capable
of that volume of data throughput. So, if
the programmer does not take this into
consideration, he can create a situation
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known as data starvation. When the ma-
chine is starved for data, it stops and
waits for the next block of information,
leaving a mark on the surface of the part.

Some manufacturers advertise the control’s
ability to process data this fast. However,
processing speed and total data throughput
are different concepts. Any processing
speed in excess of I/O or buss speed is
meaningless with regards to preventing
data starvation.

Data Starvation

Data starvation occurs when a tool has
to stop and wait for the next command
from the control. When the tool stops,
it leaves a visible mark on the part.

Another advantage of NURBS interpolation
has to do with a machine’s movement.
Typically when using point-to-point pro-
gramming, when the machine moves from
one point to another, the tool accelerates
when the tool leaves the first point and
decelerates as it approaches the second
point. So, the shorter the distance, the
less likely the tool will achieve the pro-
grammed feed rate. This can affect cutting
times and tool performance because the
tool never achieves the programmed, opti-
mum feed rate for the tool or cutting
conditions.

The NURBS Disadvantage

There are many NURBS algorithms. Thus,
a machine’s algorithm may not match the
algorithm used by the CAD system that
designed the part. Although algorithm dif-
ferences are subtle, if you use NURBS in-
terpolation to do very close tolerance
work, the difference in algorithms between
the machine and the CAD system may be

enough to consume some or all of your
tolerance.

Remember without NURBS interpolation,
the machine spends much of its time ac-
celerating and decelerating. NURBS inter-
polation minimizes this behavior. However,
it has its own disadvantages.

Machining is the process of reshaping a
piece of stock by removing material. The
difference between the shape of the stock
and the desired shape is what is know as
the stock condition.

Fig. 4 - Stock Conditions

Stock Contour

N

N\

Finish Part Profile

To optimize the life of the cutting tool
and to preserve the integrity of the part,
CNC programmers must maintain appropri-
ate cutting methods based on existing
stock conditions. Generally, the cutting
method is based on worst-case conditions.

Particularly on the first pass, the stock
condition will vary considerably depending
on how closely the stock contour matches
the finish part profile. As you can see in
the previous diagram, there is a substantial
difference between worst-case and
best-case stock conditions.

Naturally, when the program is set for the
worst-case, it is not optimized for the
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Fig. 6 - Spline Curve

/\/

in this example, the deviation from the
circle = 3.000-2.9424 = .0576.

Fig. 8 - Chords on a circle

Fig. 7 - Bezier Curve

Circle as compared to how it would loo
divided into 16 chord sections. Obviousl
more chords produce a smoother circle.

|

29424

—1 1.1705

R 3.000

Chord and Accuracy

You know now that, when machining
without NURBS interpolation, the pro-
grammer or CAM system must describe
the motion as a series of closely spaced
points along the curve. Naturally, as the
machine makes a straight move from
point-to-point, the cut part will deviate
sightly from the perfect profile (see the ex-
ample below). Again, the amount of devia-
tion is dependent upon the number of
programmed points.

Notice in Figure 8, the radius of the cir-
cle is 3.000 inches, while the distance
from the center of the circle to the center
of the chord is 2.9424 inches. Therefore,

This example only uses 16 chords to
graphically represent the concept. When
programming NURBS, the programmed de-
viations will generally be .001 or less.
Production machines typically are not ca-
pable of holding a profile tolerance of
.001 or less. This topic will be discussed
in much greater detail in the chapter Ac-
curacy and CNC Machining.

What are CNC Machine Parameters?

Parameter could be defined as any value
designed to improve or customize a pro-
gram. At the heart of every CNC ma-
chine is a computer program known as
the executive program. This program tells
the computer how to move the Axes, turn
on the spindle, read CNC programs and
SO on.

The CNC control must know a lot about
the machine if it is going to make good
parts. For example, it must know the
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The point at which the stops will be the
7Z Home for the machine.

Main Program - CNC machines can have
“layers” of programs where one program
calls another program that may in turn
call another program. The main program
is the program at the top of the stack. (see

diagram below)

Material Removal Rate - The rate at
which material is removed from the

workpiece. Usually expressed in cubic
inches of material removed per minute.

NC - Numerical Control.

Nose Radius - The radius of the tool tip.
NURBS -Non-uniform Rational B Spline.

NURBS Interpolation - A feature on
some controls that enable it to cut a
NURBS. Without this feature, the pro-
gram must be created using a series of
chords to approximate the curve.

Open Architecture - A control that does
not use proprietary hardware. Open con-
trols can use a variety of “off-the-shelf”
components available from various sources
rather than the original manufacturer.

The following is a diagram of the Main/sub-programming process

075 (main program)

grams 80 and 85.

To interpret this diagram start at the O75 (main program).
at line n30, the program calls (with an M98), sub program 80. Moving through pro-
gram 80 at line nl5, sub-program 85 is called. Program 85 runs down to M99 which,
returns control to program 80. Program 80 continues processing until it reaches its
M99 command, which returns control to the main program.

n
n
n __-%7 080 (sub-program)
_u3_QM9§P_8 AN i n
=== | n—
\ @ as Z)E f 0 &2 085 (secondary sub)
\ ‘anjMQ_SP&i__V————"’ —————— | I
n M (1) (1 &2 i n
n N a & 2)_ | I
0 ~ nM99 V nM99
n (2
n—-—-yV
nM30

As you read down, notice

From here, the main program continues to line n70 where control is returned to pro-
After programs 80 and 85 finish, control is returned to the main
program, which continues until it reaches the end at the M30.

Copyright © 2004 David S. Hayden - All Rights Reserved



http://www.SeniorManagementServices.com/7-steps-booklet-request.html

Common CNC Terminology 31

Follow the arrows on the diagram on page
29 to see how program control moves
from main program to sub-programs and
back.

Proper use of sub-programming can save
hours of programming time, significantly
reduce the length of a program, and sim-
plify editing.

When you want to call a sub-program, use
the command M98P(xxxx). M98 com-
mands the control to leave the current pro-
gram and complete the instructions in the
called program (specified by the P-code).

Sub-programs always end with an M99
which commands return to the program
that called the sub-program.

Surface Feet Per Minute (SFM) - The

speed at which the surface of a spinning
part or cutter is traveling as expressed in
feet per minute.

To calculate a desired RPM for a Specific
SFM use this formula:

Desired SFM * 3.82
Diameter

RPM =

To calculate the SFM for a specific RPM
use this formula:

RPM * Diameter
3.82

SFM =

Tool Length Compensation - Tool length
compensation is the feature of CNC con-
trols that enables the operator to enter the
length of a tool.

To program older controls, programmers
were required to know the length of the
tools before creating the NC program.
The tool length offset available on CNC
machines makes it possible for the control
to compensate for any length of tool so
the programmer is only required to spec-
ify which offset to use.

Tool Nose Radius - Lathe tools rarely
have a perfectly sharp corner at the tool
nose. As a result, when you program
lathes, it is important to compensate for
the tool nose radius.

As you look at the tool nose radius ex-
ample below, imagine these two situations.
Assume you are using a tool with a .031
nose radius. As you cut down the face
of the part, if you stop at X0, the tool,
the actual cut will be .031 above the cen-
ter of the part, leaving a .062 nub at the
center of the part. Then if you want to
drill a hole in the center of the part, the
drill walks off center because of the nub.

Fig. 12 - Tool Nose Radius

Actual tool path
cut by tool nose radius

Programmed to X0
but leaves nub’equa icm\

Desired / programmed 2x the nose radius.

tool path not taking_in
account the tool nose radius
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Accuracy and CNC Machining

Computer Numerical Control (CNC) im-
plies a certain degree of accuracy, but
how accurate is accurate? There is a big
difference between positional accuracy and
contouring accuracy.

It is expected that a CNC lathe can accu-
rately cut a part face within .0001 in. or
cut a diameter within .0002 in. Similarly,
CNC milling machines are expected to po-
sition to a face, hole or shoulder locations
within .0001 in.

If these machines can position that accu-
rately, shouldn’t it follow that machined
contours would be just as accurate? The
answer is no because cutting contours is
far more complex than cutting surfaces

that are perpendicular to a machine axis.

First let’s discuss positional accuracy.
When turning a diameter, facing a part, or
locating for a drilled hole, we are asking
the machine to:

* Move to a start point
* Lock all machine Axes except one

* Move the tool along the unlocked axis
until the cut is completed

At no point during the actual cutting pro-
cess do we have more than one axis mov-
ing. Just as important, the cutting edge
of the tool that starts the cut is the same
cutting edge that finishes the cut.

Contouring can be very different because
contouring requires the coordination of
multiple Axes. Further, contouring re-
quires using different points of contact
along the cutting edge of the tool.

Fig. 14 - Straight Turning
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X
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2 Points of contact along edge
2 of tool remain constant

X

E Movement along Z axis
G
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Fig. 15 - Straight Facing
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% Points of contact along edge

3 of tool remain constant

=
Z Axis locked in position
"

I

Fig. 16 - Lathe Contour Cutting

-Z Direction of feed

Point of contact changé Direction of forces on insert also
as tool follows the contolir change as point of contact changes
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Cartesian Coordinates

A basic understanding of the Rectangular
and /or Cartesian Coordinate System is
essential in CNC Programming. First we
will define Rectangular Coordinates. Then
we will discuss how we use this system
to program parts.

Over 300 years years ago a French math-
ematician named René Descartes developed
a system that enables people to define the
location of any point in space. This sys-
tem uses three axis that are intersecting
and mutually perpendicular. This system
uses one axis for each of the following;
width, length and height, typically labeled
X, Yv, Z. (see Fig. 23 below)

Fig. 23 - 3 Dimensional Space

Point of orgin defined by
3 perpendicular axises y 4 4=
Y +
X- X+

While you may not be familiar with the
names Rectangular or Cartesian Coordi-
nates, you use this system every time you
navigate through your home town. Most
cities have an origin point defined by the
intersection of two streets. As you travel
away from this intersection (origin point),
the block or building numbers increase in
predictable increments. Addresses like
900 West Third St., Suite 1058 are de-
scriptions based on rectangular coordinates.

Some cities are not laid out so conve-
niently but many are. If for example the
previous address was in Denver, Colorado,
your origin point would be the intersection
of Broadway and Ellsworth. Broadway
runs north and south and Ellsworth runs
east and west. The address 900 West
Third St., Suite 1058 would put you on
the 10th floor of a building 9 blocks west
of Broadway and 3 blocks north of
Ellsworth.

The 3 Dimensional Space drawing is
shown to help you visualize this system.
The box around the axis lines can help
you to visualize a three dimensional space.
Using the street address, including the
10th floor location may also help you to
visualize the dimension of height.

After reviewing some basic geometry ter-
minology we will return to The 3 Dimen-
sional Space drawing for more clarifica-
tion. Meanwhile, a basic understanding of
points, lines, and planes will aid you in
using the rectangular coordinate system.

POINT: A point is defined as a location
only. It defines a place not an object,

so it has no length, width, height, dimen-
sion or extent.

LINE: A line is the shortest distance be-
tween two points.

Fig. 24 - Line

A line is the shortest distance between 2 points
| |

In geometry, a line is conceived as being
straight and having infinite length but no
other dimension such as width or breadth.
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Machine Axis Definitions

The previous chapter on rectangular coor-

dinates discussed how any point in space

can be described by 3 mutually perpendic-
ular Axes.

NOTE: To understand this chapter, you
must understand the 3-dimensional rectan-
gular coordinate system. This chapter re-
quires much visualization, so I occasion-
ally re-use the same figure to illustrate
different concepts.

So, why do we even need 4, 5, or more
axis machines?

The rectangular system I discussed in the
last chapter defines a static (stationary)
space in X, Y, Z coordinates. In CNC, we
need motion. So, we must have a coordi-
nate system (other machine axes) in which
to program tool motion. We do this with
motion commands.

Sure, we can describe any point in space
with rectangular coordinates. But, it is not
necessarily possible to make a good part
by limiting motions to the three primary
axes.

You can program both linear and rota-
tional moves. As an overview, here are
the programmable axes of NC machines:

A, B, and C commands control rotation
around the X, Y, and Z axes, respectively.

U, V, W, X, Y and Z commands control
linear motion with respect to the X, Y, Z
axes.

Now, for the details.

Controlling Linear Motion
Study Figures 26-27 starting on this page.

Fig. 26 - NC Axes, Lathe

Notice that the Z axis command is most
common among machines because it is al-
ways parallel to the centerline of the ro-
tating spindle.
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STEP 1. Determine how you are going
to machine the part. You will need
to know:

 appropriate speeds and feeds
* fixturing
* the order and sequence of operations

* the number of programs and setups re-
quired

e the machine limitations

* any safety considerations.

WHY: You must know how you are go-
ing to make the part before you can
program the machine to make it.

STEP 2. Make up a tool list of the tools
you intend to use.

WHY: The tooling you use will make a
difference in how the part should be pro-
grammed.

STEP 3. Make up a setup sheet and de-
fine the tool/cutter paths as they relate to
the program origin.

WHY: This step organizes your thinking
and provides the operator with description
of how you intend to set up and run the
part. Making a drawing that details the
cutter paths around the part will keep you
on track and help with calculations.

STEP 4.  Write the program by using
the setup sheet.

WHY: This keeps the process organized
and gives you a reference to go back to
in the event you get interrupted.

STEP 5. Proofread your manuscript for
errors.

WHY: Because you will catch mistakes
that could be costly.

STEP 6. Type/load the program into the
machine control.

STEP 7. If you manually input the pro-
gram using the MDI panel or have reason
to doubt the reliability of your input de-
vice, use the CRT of the machine to
proofread the program for errors.

WHY: See step 5. . .every time you input
data, there is a potential for error.

7 Easy Steps to CNC Programming . . .
A Beginner’s Guide focused on steps 2, 3,
4,5, and 7. Steps 1 and 6 are depend-
ent on the work you're doing, the type of
machinery and fixtures you have available
in your shop.

When 1 wrote the first book, I had
worked primarily in small machine shops
that rarely had the financial resources to
purchase a Computer Aided Manufacturing
software package. Even the less expensive
CAM systems were beyond the budgets of
the company. Added to the CAM system
costs were issues of training people and
associated costs. Naturally, because these
shops generally paid lower wages, if they
did get someone trained, a larger shop
with more money was likely to hire them
away.

That scenario has not changed much.
Small shops are still cash strapped and
more likely to rely on manual program-
mers than CAM systems. However,
mounting pressures in the industry may
force smaller shops to use CAM software.

For one, companies subcontracting their
work are putting pressure on smaller
shops to use CAM systems, often compat-
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Selecting the Right CAM System

Computer Aided Manufacturing (CAM)
software can be a powerful tool for most
shops. Still many shops may never need a
CAM system. For example, a small shop
that does mostly simple turning, milling,
and drilling may have all the power they
need in the machine's CNC control. In
this case, buying CAM software may be a
waste of money.

Shops that frequently make complex parts
requiring complicated calculations to com-
plete the NC program could benefit from
CAM software. Another compelling rea-
son to buy a CAM system is to bring in
more business. Often customers require
CAM capability.

Once you decide to buy CAM software,
your work really begins. There are doz-
ens of very good CAM systems. Most of
them can do all the basic NC program-
ming. And, there are vast differences in
capabilities, features, costs, learning curves,
training expenses, customer support, etc.

As a CAM Systems Administrator, one of
my duties is to stay on top of trends in
the CAD/CAM Industry. Over the years,
I have learned a lot about selecting and
maintaining CAD/CAM software, and inte-
grating old technologies with new. Fol-
lowing are the guidelines I use and /or
recommend to upper management regard-
ing CAM system selection.

The size and future direction of your shop
should have a strong influence over your
selection of CAM software. If you are a
small job shop with limited resources and
you need CAM capability, your choices
will be based on cost vs features.

If your shop must interface with engineer-
ing departments, customer CAD systems
and so on, your decision will be far more
complex.

Depending on your situation, you should
review and answer some or all of the fol-
lowing questions:

* Is the CAM system going to be of stra-
tegic importance to the company?

* What is our goal for having a CAM sys-
tem?

* What is the budget for purchasing the
software?

* How much money can our company af-
ford to budget annually for maintaining
the software and hardware?

* What are our competitors using?

* What are our customer expectations
with regards to our NC / CAM pro-
gramming capabilities?

* What CAD programs are our customers
using?

* What are our machine capabilities / re-
quirements? Turning, milling, 5 or more
axis positioning, 3 or more axis simulta-
neous movement?

* What is the local labor pool from which
we can draw programmers?

* Is our NC / CAM programming done by
dedicated programmers or by machin-
ists, operators, supervisors, methods en-
gineers, etc.?

* Do we need an MIS or IT staff to sup-
port the software and hardware?

» Will CAM software ownership enhance
our shops market position?
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Fig. 32 - Sample Criteria Matrix
\Y% S Brand W S Brand X S Brand Y | S | Brand Z
a C C C C
Software 1 0 Value 0 Value 0 Value 0 Value
R Criteria u r X r X r X r X
E € € Score e Score ® Score e Score
Q Must have
III lathe module 5 2 10 4 20 3 15 1 5
E
Must be eas
D o oo Y 5 5 25 2 10 1 5 3 15
Must support
Paroooi 5 5 25 5 25 5 25 0 0
TAC must be
less than 5 1 5 4 20 4 20
]F)J $15,000
S Want Local
lI{ Training 5 0 0 0 0 3 15
l]i)l Want abilil‘gy
to run on
W/ V)V(ill)ldows 2 5 10 5 10 5 10

In the Sample Criteria Matrix example
above, notice how Brand Y (green) has the
highest score. The more thoroughly you
test the software, the more reliable your
score will be.

Notice that Brand Z has no total score
because it failed the “required” test for
total acquisition cost. Once a product
fails a required test, there is no point
evaluating it further. You can save a lot
of time by evaluating all required criteria
first.

Notice the values columns In this exam-
ple, the criteria are rated for importance
on a scale of 1-5. All of the required
items have an importance rating of 5.

The highly desirable criteria, or wants do
not need an importance rating of 5. So
in this example, you can see local training
is more important than the software’s
feature recognition capability.

Brand W scored the highest for feature rec-
ognition but still had a total score lower than
Brand Y because local training is more im-
portant.

The score for each brand is calculated by
multiplying the Value column by your quanti-
fied subjective score as to how well the
product will meet that particular criteria.

For example, Brand W above has a lathe
module, but not a very good one. So it’s
score for lathe module is 5 (the value) x 2
(a low score for the lathe module) = 10
Brand X obviously must have a better lathe
module.

You can use a similar matrix for any signifi-
cant purchase whether it is a new machine
tool for the plant or a computer for home. I
know of one woman that very successfully
used a similar matrix concept for choosing
her spouse!
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