
By W.B. “Bud” Graham,
Contributing Writer 

We always have some
confusion at our house
concerning desserts. My
wife claims that I like only
two kinds of pie: hot and
cold. Well, she is mostly right. My
favorite is cherry, and I love it served
either hot or cold. Here’s our family
recipe—you be the judge.

A completely different type of
confusion clouds two important
homonyms: pie and pi. Pie is an
English word for a baked dish with
fruit or meat and an upper crust,
lower crust, or both. Pi is the
English spelling for π, the 16th let-
ter of the Greek alphabet and a
symbol for the ratio of a circle’s
circumference to its diameter. A
mathematical constant, its value is
approximately 3.14159.

Setting up a Tube Mill

Why all the talk of pie and pi? A
reader recently asked how to deter-
mine if a tube mill has been set up
properly. Part of the answer is to
use a Pi Tape®, a measuring tape
that has a vernier scale for accuracy.
Named for mathematician Pierre
Vernier, a vernier scale is a short,
graduated scale that slides along a
longer graduated instrument and
indicates fractional parts of divi-
sions. It’s an ideal tool for measur-
ing girth, or the distance around the
outside of an open profile (such as

in the fin passes) or the fin-
ished tube (as it is finished
in the sizing passes).

Your spouse might tell
you if you eat too much
pie you will have a change
in girth measurement,
which is measured in inch-
es and determined by your

belt size, but that’s another story. 
OK, back to the question of

determining a good mill setup. Just
as a good cook knows the way
around the kitchen and always fol-
lows the recipe, a good mill opera-
tor knows the mill and uses the
setup chart and mill records. The

mill records should include settings
for every tube diameter and wall
thickness produced on the mill, roll
condition, and setup charts.

The roll setup chart supplied by
the roll tool producer gives a start-
ing point for the roll tooling flange
gaps. It’s a starting point because
the flange gaps are specified for new
roll tooling. The flange gaps are dif-
ferent for worn tooling. When you
are setting up tooling that already
has been used to produce 1 million
feet of tube, how do you compen-
sate for tool wear? You do this by
measuring the tube’s girth at several
stages along the tube mill.
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Grandma's Cherry Pie

Recipe makes a 31⁄4-pound pie

• Two 16-oz. cans sour cherries
• One 16-oz. can sweet cherries
• 3⁄4 to 1 cup granulated sugar
• 1⁄2 teaspoon cinnamon
• 2 tablespoons butter if desired
• Pastry for a two-crust, 9-in. pie

1. Open cherry cans and separate fruit from juice. Reserve 1⁄2 cup juice.

2. In a medium bowl, combine 1⁄2 cup cherry juice, sugar, and cinnamon.

3. Place in medium saucepan; bring to a boil to thicken while stirring constantly.

4. Pour hot mixture over the fruit, mix well and set aside.

5. Line a deep, 9-in. pie pan with the bottom pastry. Fill with the cherry mixture.
Dot with butter if desired. Cover with top pastry; crimp edges and cut slits in top. 
Cover the edges with aluminum foil to prevent overbrowning.

6. Bake at 350 degrees for 1 hour or until crust is golden brown and cherry 
filling is bubbly.

Note: If you do this as a surprise for someone special, line the bottom oven 
rack with foil or you’ll be dealing with burned-on cherry juice and a very mad spouse!



Choosing and Using a
Measuring Device

Calipers, micrometers, and tapes
are commonly used measurement
tools. Knowing their capabilities and
limitations can help you select the
right one for the job. 

Choosing a Measuring Device.
Diameter measurements taken with
calipers or micrometers generally are
accurate to 0.001 inch, but the mea-
surement is valid only for the dis-
tance across the two points selected.
Tube usually is not perfectly round,
so you need to take several readings
and average the diameter measure-
ments. When you have to interpolate
between multiple measurements to
find the average diameter, you can be
misled into thinking you have accu-
rate results when, in fact, you don’t. 

However, you can avoid the need to
take multiple diameter measurements
and prevent interpolation errors by
using a special measuring tape that
measures girth directly. Only by using a
girth measurement tape can you judge
the quality of your work precisely.

Using a Girth Measuring Tape.
Girth measuring tapes with vernier
scales are available for measuring
tube from 0.250 to 144 in. OD in
both inches and metric. 

A typical measurement tape is
suitable for tubes from 0.250 to 2.0
in. (see Figure 1). It has a measure-
ment section and a vernier section.
When used together, these sections
can measure girth to an accuracy of
± 0.001 in. 

The measurement section has
large numerals that indicate inches,
small numerals that indicate tenths
of inches, and lines that indicate
hundredths of inches. The vernier
scale has lines labeled with numerals
to indicate thousandths of inches.
Note that girth measuring tapes mea-
sure units of pi and indicate either

inches or millimeters.
To use the tape, wrap it snugly

around a tube. The 0 on the vernier
scale determines the measurement to
two decimal places, and the vernier
scale itself determines the third deci-
mal place. In Figure 1, the 0 on the
vernier scale is to the right of the
small numeral 5 (the tenths of inches
scale), which indicates 0.5 in.; it also
is just to the right of the third line (the
hundredths of inches scale), which
refines the measurement to 0.53 in.
To find the third decimal, look at the
vernier scale to determine which line
on it most closely aligns with any line
(it doesn’t matter which one) on the
measurement scale. In this case, the
vernier 1 is almost perfectly aligned
with one of the lines on the measure-
ment scale, so the third digit is a 1.
Therefore, this tube measures 0.531
in. in diameter. 

Comparing a Girth Tape Reading
With a Caliper Reading. A girth tape

measures girth accurately in one mea-
surement (see Figure 2). A caliper
must be used several times at several
orientations around the tube’s diame-
ter, and the readings must be aver-
aged. Even after taking two readings,
though, the caliper might not produce
an accurate measurement. For
instance, a 0.531-in.-OD tube might
appear to have an OD as small as
0.517 in. or as large as 0.542 in. when
measured with a caliper. The average
of these readings is 0.5295 in. The
girth measuring tape is therefore both
quicker and more accurate.

The Mill Setup

Before going any further, let me
repeat the mill mantra. 

The tube mill is a toolholder. Roll
shaft shoulders must be aligned. The
tolerance from the top shaft to the
bottom shaft must be ± 0.001 in. The
tolerance along the length of the mill
(pass to pass, from breakdown
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Figure 1
A measurement tape has a measurement section and a vernier section
(top). These two scales are used together to measure the girth of an
object to an accuracy of three decimal places. This example indicates
0.531 in. (bottom). The first two digits are determined by reading the 0
on the vernier scale, which is just to the right of the third line to the
right of the 5, which indicates 0.53 in. To determine the third digit, find
the vernier line that most closely aligns with any measurement line. In
this case, the vernier line 1 directly aligns with a measurement line, so
the three digits are 0.531.



through sizing) must be no more
than 10 percent of the minimum
gauge and not more than 0.005 in.
All shafts, driven and idle, must be
parallel to one another and not worn
or bent. Bearings must be sound and
shafts must rotate without runout. If
you have replaced roll shafts, bear-
ings, stands, or seals, stop now and
align the mill before proceeding.
Trying to run a misaligned mill does-
n’t prove how good you are; it merely
shows how much time and money
you can waste trying to compensate

for using a misaligned machine. 
You might have noticed that roll

flange gaps are not mentioned in the
tube mill mantra. As long as the
flange gaps are not too large (not
more than one-third the minimum
gauge) and therefore permit material
extrusion, they are not important. In
fact, flange gaps can be nonexistent
(in other words, the flanges can
touch each other). Flanges will touch
each other when the roll tooling is
worn out so this is a service life issue. 

I can already imagine the objec-
tions, protests, or at least intense dis-
agreement from every roll designer in
the tube and pipe industry, but hear
me out. I recommend recording the
flange gaps at the end of each run.
Further, I recommend that you use
the flange gaps for the setup and to
ensure the roll shafts are parallel, but
not to produce the finished tube. The
point here is that after proper girth
settings are determined, they do not
change for that OD, regardless of
wall thickness changes or increased
tooling wear. Relax and read on! 
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Figure 3
Typical girth measurements for a 2-in.-OD, 0.105-in.-wall-thickness tube. The initial strip width is 6.164 in. The cir-
cumference at the OD is 6.2832 in.; 5.9533 at the neutral axis; and 5.6235 in. at the ID. After the girth readings are
established, they are the only readings necessary to verify a proper mill setup for subsequent installations of this par-
ticular set of roll tooling for manufacturing this product.

Gap or Diameter Diameter Diameter OD Girth Change in
Fin With Gap Minus Gap Reduction Change (minus fin or Size Change in Girth

Position Width Pass (inches) (inches) (percent) (inches) open width) (percent) (inches)

Final
1 1.010 Breakdown 3.054 2.044 N/A N/A 6.420 4.156* 0.256

2 0.788 Fin No. 1 2.290 2.039 -0.218 -0.004 6.406 -0.218 -0.014

3 0.476 Fin No. 2 2.198 2.036 -0.156 -0.003 6.396 -0.156 -0.010

4 0.260 Fin No. 3 2.125 2.033 -0.156 -0.003 6.386 -0.156 -0.010

5 Weld 2.020 -0.626 -0.013 6.346 -0.626 -0.040**

6 Size No. 1 2.012 -0.396 -0.008 6.321 -0.396 -0.025

7 Size No. 2 2.004 -0.398 -0.008 6.296 -0.398 -0.025

8 Size No. 3 1.996 -0.399 -0.008 6.271 -0.399 -0.025

Diameter and Girth Changes in Welded Tube Production

* The breakdown pass should achieve growth without thinning. Copyright 2003, all rights reserved, W.B. Graham, Welded Tube Pros.
** Weld Upset Loss

Figure 2
A tape gives a direct measurement
of girth. A caliper provides a mea-
surement between two points, so
the circumference must be calculat-
ed. Furthermore, caliper readings
can be misleading. For example, a
tube that actually measures 0.531
in. in OD (top) can appear as 0.542
in. (middle) and 0.517 in. in OD
(bottom). The average of the two
caliper readings is 0.5295 in., not
0.531 in.



Keeping in mind the need to
achieve the required reduction in
each pass, let’s look at a typical roll
setup and the measured diameter
and girth. The following example is
based on 2-in.-OD tube with a 0.105-
in. wall (see Figure 3). 

1. Measure girth just before the
first fin pass. Girth increases here.

a. Verify the strip width by
referring to the production records
so you have a measurement to com-
pare against.

b. Measure the girth of the
open section immediately before the
first fin pass with the Pi Tape, then
measure the width of the opening
with an internal micrometer or
caliper (see Figure 4). Subtract the
width of the opening from the girth
of the open section to find the equiv-
alent girth of the strip.

c. Compare the strip width
before the pass with the strip width
after the pass. The proper girth increase
can be less than 1 percent or as high as

5 percent, depending on the OD and
wall thickness. In this example, the
strip girth grew by 4 percent. This is
normal for the setup provided you have
the correct strip width and the break-
down section is set up correctly. 

Be aware that this growth is due
not to strip thickness reduction but
to bending in the breakdown zone.
The inner fibers of the material are
compressed while the outer fibers are
stretched. The stretch imparted from
forming increases the girth. 

If the entering strip width is cor-
rect but you don’t see the proper
growth, check and adjust the break-
down section until you achieve the
proper girth growth. Be careful here

to keep roll shafts parallel, and don’t
close up the breakdown passes so
much that they cause the strip belly
or edges to thin. Too much closure
force generally makes the strip edges
longer than the belly of the strip and
leads to welding problems. Form, but
do not thin, the material. Watch for
edge damage at the bottom corners
of the strip. Worn tooling sometimes
can thin or roll in the first 1⁄32 to 1⁄16 in.
of the strip edge and cause welding
problems. Back off the adjustment if
this occurs, and let the fin passes cor-
rect the problem. 

2. Measure girth after each of the
fin, weld, and sizing passes. Girth
decreases in these passes.

a. Repeat the previous process
and collect the data. Deduct the fin
blade width to determine the girth
reduction in the fin passes provided
the tube material does not spring
back excessively.

b. Adjust the setup to achieve
the desired reduction in each pass.
When making adjustments, always
adjust both the drive and operator
side of the mill stands, and keep
shafts parallel.

If you can’t achieve the necessary
amount of reduction, inspect the fin
blades for wear and replace if needed.

3. After all the girth measurements
match the chart, measure the diame-
ter of the finished tube with a
micrometer in two planes to ensure
the tube ovality meets the customer’s
specifications. If the readings are
within limits, you are ready to roll!

A Few Setup Tips

Study the setup chart to learn the
relationships between OD changes
and girth. Your setup reduction per-
centages probably will be different
from the example, but the important
things to look for are consistent
growth of the strip width entering
the first fin pass and reasonably con-
sistent reduction percentages in the
fin and sizing passes. Try to balance
the reduction so no one pass is doing
more than its fair share of the work.

The reduction in the weld zone is
essentially the weld upset loss to the
OD and ID weld bead. The guideline
for induction welding is to shoot for
somewhere between one-third and
one-fourth wall thickness loss. The
loss in the example is a little more
than one-third but is acceptable. You
want to be sure to extrude enough
material to achieve a sound weld.

After finding and recording the
girth change settings (including the
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Figure 4
To determine the girth of an open section of tube (before the seam is weld-
ed), measure it with a measuring tape; measure the width of the opening
with a caliper; and find the difference. The vertical red lines show where to
measure.

A good mill operator
knows the mill and
uses the setup chart

and mill records.



air gaps common in fin passes), you
can duplicate them easily for the next
run of that particular tube. Instead of
taking multiple micrometer readings
at each pass to confirm the setup for
each shift, you simply need to check
the girth progression to confirm that
the process is consistent. 

Maintain Accurate Records

The only way to achieve repeatable
results and reduce setup time is by pay-
ing attention to details and recording
girth settings for the mill and roll tool-
ing each time you run a product. Good

records make the job of setting up the
mill like using a cookbook!

If you still have questions about pi
or pie, call me or send me an e-mail. I
can provide further assistance with pi
and setting up a tube mill. The only
thing I really can’t help you with is
deciding if you prefer pie hot or cold. 

Bud Graham is president of Welded
Tube Pros, 16574 Old Chippewa
Trail, Doylestown, OH 44230, 330-
658-7070, fax 312-896-5696,
budg@bright.net, www.weldedtube
pros.com. He also is the chairman of

TPA’s Tube Producers Council.

Pi Tape is a registered trademark of
Pi Tape Corp., Escondido, Calif. 

If you have a specific question or
would like to see an article on a par-
ticular problem, please contact the
author or TPJ.

Reprinted with permission from
the July/August issue of TPJ—The
Tube & Pipe Journal®, copyright 2003
by The Croydon Group, Ltd., Rock-
ford, Illinois, www.thefabricator.com.
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