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Where is your current
constraint?

We offer several training products
aimed at helping CNC users better
utilize their CNC machine tools.
Topics include Setup Reduction, Cy-
cle Time Reduction, and Maximizing
CNC Utilization. In each of our
courses, we've always assumed that
students work in companies that
could benefit by becoming more
productive with their CNC machine
tools. But one question always co-
mes up: “How do I choose a place to
start improving?”

Admittedly, some CNC environ-
ments are so complex that it can be
overwhelming to pick one ma-
chine/process that makes the best
(or even a good) starting point. In
our setup and cycle time reduction
courses, we simply state that if a ma-
chine is in setup for a greater per-
centage of available production
time, then start with setup reduction
for that machine. If it is running pro-
duction for the greater percentage of
available production time, start with
cycle time reduction. While this may
be a reasonably good rule-of-thumb
for a specific machine that you wish
to improve, it still begs the question
“Which machine/s should you start
with?” In this article, we’re going to
offer a more logical way to deter-
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mine which area of your company
(or which specific machine) makes
the best one to start with when it co-
mes to improving productivity. Note
that we're making the entire com-
pany fair game for potential im-
provements. Many improvements
will not even involve CNC machine
tools.

Why do you need to improve?

We're going to assume that your
company needs to increase its out-
put without increasing operating ex-
penses. This translates to getting
more output with your current
resources. While there are other rea-
sons why a company must improve
(we’ll state some later), our discus-
sions related to constraints apply
only if your goal is to increase out-
put.

You must begin by locating your
company’s current constraint.
Here’s how we define the current
constraint.

The current constraint is the entity that limits
maximum output at the present time.

Constraints can be viewed at dif-
ferent levels. They can be viewed
from the perspective of the entire
company, from the perspective of
one department or group of depart-
ments (possibly a manufacturing
cell), or from the perspective of but
one machine tool.

Let's further clarify. The com-
pany-wide current constraint is the
entity that limits the company’s total
output at the present time. The en-
tity could be a department within the
company, a group of machines, a
single machine, or anything else that
limits the company’s maximum total
output.

In similar fashion, a depart-
ment-wide current constraint is the
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entity (cell, machine, person, etc.)
that limits a department’s total out-
put at the present time. The current
constraint for a single machine tool
is the entity that limits the machine’s
total output (usually the machine or
its operator).

Again, the company’s complexity
determines how difficult it will be to
locate the current constraint. Think
of constraints as being like bottle-
necks and they should be pretty easy
to spot. If talking about the current
company-wide constraint, what de-
partment in the company is currently
falling behind, holding up produc-
tion in other areas? Find the depart-
ment that has the largest backlog of
work, and you’ve probably found
the company-wide constraint.

In some cases, finding the current
constraint may simply involve deter-
mining which process takes the lon-
gest amount of time to complete.
While we may be oversimplifying to
some extent, the longest of two or
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more processes will likely be the
constraint.

The primary goal of improve-
ment

The primary goal of any improve-
ment program must be to improve
total output. On a company-wide
level, we're talking about the com-
pany’s total output. On a depart-
ment-wide level, we're talking about
the department’s total output. On a
machine tool level, we’re talking
about the machine’s total output.

If you have correctly located the

current constraint, improving will in-
crease total output (from the com-

Throughput time per
workpiece; 3:00

efits, it will not improve total output.

current constraint”.

constraint.

pany, department, and/or machine).
While improving an area that is not
the current constraint may have ben-

If you improve the current con-
straint, again, total output will in-
crease. If you improve enough, this
improved entity will no longer be the
current constraint. Some other entity
will become the current constraint.
We call this process “eliminating the
Once a con-
straint is eliminated, another will ap-
pear. When you find it, your goal
will be to eliminate it as the current
When you do, yet an-
other constraint will appear. You'll

A very popular CNC machine type!
CNC turning centers are among the most popular types
of CNC machine tools. Most companies that have any
CNC machines have at least one. Unfortunately,
companies are finding it more and more difficult to find
and hire qualified CNC people. Many are realizing that
they must provide extensive training to new hires and
provide at least some continuing training to established
employees.

A proven method

This affordable courseware makes it possible to train
CNC people from scratch. While we assume the
student has some basic machining practice
experience, we assume nothing about their previous
CNC skills. Using our proven key concepts approach,
we bring students up to speed gradually — constantly
building upon previously presented information — and
we stress the reasons why things are done as
importantly as how they’re done. Six of the ten key
concepts are most related to programming, and four
are related to setup and operation.
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Setup, and Operation
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Grinder
department

Throughput time per
workpiece: 5:20

locate it and eliminate it as the cur-
rent constraint.

Eliminating constraints is an
on-going battle. It doesn’t end until
everyone is satisfied with the current
output level (of the company, de-
partment, and/or machine).

An example of finding the cur-
rent constraint

Though our example is pretty sim-
ple, it should nicely illustrate how to
locate the current constraint. You
may, however, find this to be pretty
obvious.

Our example workpiece produc-
ing company has three departments,
including mill department, lathe de-
partment, and grinder department.
The general flow of workpieces in-
cludes some work in each depart-
ment. First, raw material is turned in
the lathe department. Second, some
secondary operations are performed
in the mill department. And third, all
workpieces require a grinding oper-
ation in the grinder department.

To improve on a company-wide
basis (increase the company’s total
output), we must first locate the de-
partment that is the current con-
straint.  Say, for example, that
through-put time per workpiece is
three minutes in lathe department.
In mill department, through-put time
per workpiece is four minutes, fif-
teen seconds. In the grinder depart-
ment, through-put time per
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workpiece is five minutes, twenty
seconds.

In this case, of course, the grinder
department is the current constraint.
If all departments are working the
same amount of time, workpiece
production lots are probably stacked
up in the grinder department, wait-
ing to be worked on (remember
what we said about bottlenecks).

If you intend to improve this com-
pany’s total output, you must, of
course, work on the grinder depart-
ment. While there may be some
benefits to improving the lathe and
the mill departments, doing so will
not improve the company’s total out-
put.

Once you determine that the
grinder department is the current
company-wide constraint, you must
find the current department-wide
constraint in grinder department.
Maybe an excessive amount of scrap
is being run on a given machine,
making it the current constraint for
the department. If you find a way to
eliminate the scrap, you can elimi-
nate this machine as the current con-
straint. Of course, some other entity
in the department will then become
the current constraint.

By the way, if this machine is truly
the current constraint for grinder de-

partment, any improvements you
make for it will have an immediate
impact on the company’s total out-
put.

Maybe your improvement caused
the throughput time for grinding de-
partment to drop from five minutes,
twenty seconds to four minutes,
forty-five seconds. This means that
the grinder department is still the
current company-wide constraint.
You must find the (new) current
constraint in grinder department and
eliminate it as the constraint. Say
you notice that one inspector is
checking all workpieces coming
through the grinder department and
this person is not able to keep up
with all the machines in the depart-
ment — so inspection is the current
constraint. You find ways to im-
prove the task of inspection (possi-
bly hiring an additional inspector,
improving the inspection equip-
ment, and/or anything else that will
speed up the task of inspection) and
eliminate inspection as the con-
straint. Again, if inspection is this de-
partment’s true current constraint,
any improvement you make will
have a direct impact on the com-
pany’s total output.

After eliminating this current con-
straint, throughput time per

A very popular CNC machine type!

CNC machining centers are among the most popular
types of CNC machine tools. Most companies that have
any CNC machines have at least one. Unfortunately,
companies are finding it more and more difficult to find
and hire qualified CNC people. Many are realizing that
they must provide extensive training to new hires and
provide at least some continuing training to established
employees.

A proven method

This affordable courseware makes it possible to train
CNC people from scratch. While we assume the
student has some basic machining practice
experience, we assume nothing about their previous
CNC skills. Using our proven key concepts approach,
we bring students up to speed gradually — constantly
building upon previously presented information — and
we stress the reasons why things are done as
importantly as how they're done. Six of the ten key
concepts are most related to programming, and four
are related to setup and operation.
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The most popular control!

All examples are shown in the format for the most popular
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control manufacturers claim to be Fanuc-compatible.

What you get!

The CD-rom disk is jam-packed with over six hours of
information about CNC machining centers. By itself, it
makes formidable training tool. It's price is $149.00.

When purchased with the workbook answer combination
($30.00), you'll be able to confirm that you truly understand
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When purchased with the optional student manual ($60.00),
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workpiece in grinding department
drops from four minutes, forty-five
seconds to three minutes, fifty sec-
onds. Now, grinding department is
no longer the company-wide con-
straint.  Instead, mill department
(with a throughput time per
workpiece of four minutes, fifteen
seconds) becomes the current com-
pany-wide constraint. Any more im-
provements done in grinding depart-
ment will have no impact on the
company’s current total output.

Of course, the next goal will be to
eliminate the mill department as the
current company-wide constraint.
When this is done, the grinding de-
partment will again become the con-
straint.  This leap-frog between
grinder department and mill depart-
ment will continue until the lathe de-
partment eventually becomes the
current company-wide constraint.

More on spotting the current
constraint

Admittedly, we’'ve kept our exam-
ple pretty simple. In reality, you may
find it more difficult to locate the cur-
rent constraint. And it may get pro-
gressively more difficult to do so as
you continue with your con-
straint-elimination program. Addi-
tionally, factors beyond your control
will affect which entity is the current
constraint. Unfortunately some of
these factors may even change on a
very regular basis. These factors in-
clude business climate, which of
your company’s products is cur-
rently selling the best, and even
something as basic as variations in
the skill level of the people involved
(if your company experiences a
great deal of employee turnover).
The more diverse your company, the
more “transient” will be your com-
pany’s current constraint.

Before you begin working on any
improvement, ask yourself “Will this
improvement have an impact on the
company’s total output?” If it will
not, you haven’t truly found the cur-
rent company-wide constraint.
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What about manufacturing
cells?

The previous example (mill de-
partment, lathe department, grinder
department) described finding and
eliminating the constraint on a com-
pany-wide and department-wide ba-
sis. Note that the same principles ap-
ply nicely to manufacturing cells,
since most manufacturing cells are
very much like mini-companies
within a company. The primary goal
with any manufacturing cell is to
produce a completed workpiece or
assembly in as short a period of time
as possible. In essence, the com-
pany is minimizing throughput time
for an entire workpiece or assembly.

A manufacturing cell can include
any number of different machine
tools and other manufacturing
equipment. From our previous ex-
ample, the cell could include a CNC
turning center, a CNC machining
center, and a cylindrical grinder. If
this cell is the current company-wide
constraint, improving output from
this cell will in turn, improve the
company’s total output.

Use the same methods discussed
earlier to locate and eliminate the
current cell-wide constraint. Possi-
bly the cylindrical grinder has the
longest cycle time in the cell, making
it the current cell-wide constraint.
When you find ways to minimize this
machine’s cycle time, you improve
the cell’s total output (as well as the
company’s total output). If you get
this machine’s cycle time down be-
low the cycle time for the CNC ma-
chining center, the machining center
becomes the cell’s current con-
straint. Find ways to eliminate it as
the constraint. Continue this process
until the manufacturing cell is no
longer the current company-wide
constraint.

What about stand-alone CNC
machines?

If you have determined that a
given CNC machine is the current
department-wide constraint in a de-
partment that is the current com-

pany-wide constraint, any improve-
ments you make on this machine
will have a direct impact on the com-
pany’s total output. Frankly speak-
ing, this is the area with which our
training materials for setup reduction
and cycle time reduction will really
help. We focus all of our efforts on
helping you improve a given
stand-alone CNC machine tool’s pro-
ductivity — maximizing its utilization.

But as stated earlier, this may be
but a small part of your company’s
constraint elimination program. Un-
less your company is made up soley
of CNC equipment, you must be
prepared to improve the perfor-
mance other types of manufacturing
equipment. While many of the prin-
ciples we offer will nicely apply, we
limit our presentations of specific
techniques to CNC machining cen-
ters and turning centers.

By a “stand-alone CNC machine”,
we mean a2 CNC machine that is not
part of a manufacturing cell. Gen-
erally speaking, one operator will be
running one CNC machine tool
(though there are many companies
that have one operator running two
or more CNC machines).

Since the entire task of setup is
non-productive (with almost all CNC
machines, no workpieces can be run
during setup), setup time adds to the
machine’s constraining effect. Any-
thing you do to reduce setup time
will have a direct impact on the ma-
chine’s productivity, and will con-
tribute to eliminating this machine as
the constraint.

During a production run, the cur-
rent constraint with a stand-alone
CNC machine usually falls into one
of two categories. One is “but-
ton-to-button time”. But-
ton-to-button time is the time that
passes from a given event in one cy-
cle to the same event in the next cy-
cle. Since most people use the press-
ing of the cycle start button as the
event, we call it button-to-button
time. Notice that button-to button
time does include the tasks of
workpiece loading and unloading.
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The other potential constraint dur-
ing a production run is related to
tasks you expect the CNC operator to
perform in conjunction with the CNC
cycle. Many companies, for exam-
ple, expect CNC operators to clean
and de-burr workpieces coming
from the CNC machine, inspect
them, and report measurements to
the company’s statistical process
control (SPC) system during every
CNC cycle. This is, of course, in ad-
dition to the CNC operator’s normal
responsibilities related to preparing
raw material for workpiece loading,
sizing (offset) adjustments required
due to tool wear, and tool replace-
ment when tools get dull. If a CNC

Fanuc
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operator cannot keep up a CNC ma-
chine tool for any reason, the con-
straint will not be the CNC machine
tool - it will be the CNC operator.

From a bottom-line standpoint,
CNC machine time is more valuable
than the operator’s time. Consider,
for example, that the shop rate for a
CNC machine is commonly at least
four times the hourly wage of its op-
erator. If your CNC operator cannot
keep up with the CNC machine, be
sure the operations he or she per-
forms is worth the lost machine time!

Why work on improvements
that are not related to the cur-
rent constraint?

We've mentioned several times
that improving in an area that is not
the current constraint may have cer-
tain benefits, but will not improve
the company’s total output. Again,
we've been assuming that the high-
est emphasis is being placed on im-
proving the company’s total output —
which is a very important goal.

There will be times, however,
when working on an entity that is
not the current constraint will be
beneficial, even though it does not
increase the company’s total output.

Other goals that require you to im-
prove include:

« Scrap reduction

» Lowering production costs

« Minimizing tooling costs

« Getting more output from current (or fewer)
resources

« Increasing skill levels (training)

« Anything that will save your company
money

Again, you may not be improving
the company’s total output, but you
are enhancing its ability to make a
profit.

In addition, every area of your
company will eventually become the
current constraint (if you work on
constraint elimination long enough).
Working on an entity that will soon
become the current constraint will
keep it from becoming the con-
straint. This is especially important
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when you anticipate a change in the
way the company operates. Possibly
you know that a new product will
create an increased demand on a de-
partment within the company. In es-
sence, you can be gearing up for the
increased demand.

A note about justification

Companies go to great lengths to
come up with justification methods.
One popular method utilizes a thirty
percent rule-of-thumb. A company
should be able to invest thirty per-
cent of an expected savings to imple-
ment an improvement. If you come
up with an improvement that will
save $100.00, your company will
probably be willing to spend $30.00.
Most companies will limit the pay-
back period. The shorter the period,
the more difficult it will be to justify
an improvement.

Since your company’ very survival
can be directly tied to its maximum
total output, your justification meth-
ods may not apply to improvements
made for the purpose of eliminating
the current company-wide
constraint. If you must improve out-
put in order to compete and survive,
you should be willing to spend what
it takes to improve output, regard-
less of whether it is justifiable to do
50 using your company’s justification
methods.

Conclusion

You can apply a shotgun ap-
proach to making improvements
and you will reap some benefits. But
if you understand the principles of
constraint elimination, you can use a
logical method for setting priorities
related to making improvements.
And you can ensure that your im-
provement will have a dramatic im-
pact on your company’s success.
Frankly speaking, if the primary goal
of improving is to increase total out-
put, you shouldn’t be working on
improving anything if it will not in-
crease the company’s total output!

MOl

Issue 51

Product corner

Cycle time reduction CD rom
course

Available April, 2002

When you think about it, there are
only two activities with any CNC ma-
chine tool. Machines are either in
setup - or they are running produc-
tion. We define cycle time as the to-
tal length of time it takes to complete
a production run divided by the
number of good workpieces pro-
duced.

By this definition, anything you
can do to reduce the time it takes to
complete a production run will in
turn reduce cycle time - and should
be fair game for your cycle time re-
duction program.

In this CD rom course, we provide
you with the materials you need to
embark on your own cycle time re-
duction program.

We begin with some basic pre-
mises, helping you understand the
magnitude of your CNC environ-
ment.

We then present principles of cy-
cle time reduction, including the two
task types, the three ways to reduce
cycle time, and the four steps to cy-
cle time reduction.

Finally, we offer specific sugges-
tions for improving tasks related to
completing production runs, includ-
ing preparation and organization,
workpiece loading, program execu-
tion, workpiece unloading, other
tasks that occur during every cycle,
sizing adjustments, tool replace-
ment, and other tasks done during a
production run.

Don’t miss your chance to learn
how to increase the output from
your CNC machines!

Pricing:
Full course - CDR-CTR: $239.00

Courseware only - CDR-CTR-D: $189.00
Manual only - BP-CTR-M: $50.00

When purchased together with our
Setup Reduction CD-rom Course, total
will be $399.00 (a savings of $79.00)
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