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Obtaining combined board caliper off the corrugator for
use in statistical process control procedures

Scope

Why is it important to measure and control corrugated board caliper? This answer was published in TAPPI TIP
0304-04 “Corrugated Caliper: Why Is It So Important?” and is reproduced in part as follows:

Corrugated is a very popular packaging material primarily because it has a high strength-to-weight ratio. What this means is
that corrugated is exceptionally strong considering its light weight. In fact, the primary job of a corrugated box is to protect
its contents (i.e., our customers’ products). As such, corrugated should be considered to be an engineered material.

It is amazing that we take several flexible pieces of paper and combine them into something very rigid. A 20 x 20
32 ECT (200-1b. Test) C-flute corrugated box can withstand almost 900 1bs. of weight before failing and yet it weighs
only 2.5 Ibs. How can corrugated be that strong? There are two reasons.

One reason corrugated is so strong is that the fluted medium separates the two liners, and, when stood on end the
flutes act as columns. We all know that columns have been used for structural support for centuries. We know that a
large diameter column of concrete is stronger than a small diameter column of concrete. So the further apart the two
liners can be held by the medium columns, the stronger the corrugated structure will be for a given combination of liners
and mediums. In order to maintain the greatest possible strength, we must maintain the greatest possible thickness. In
our industry, we refer to thickness as caliper.

Caliper, then, is an indirect measure of the compression stacking strength of corrugated boxes. Low caliper is
usually the result of poorly formed flutes or crushed flutes and often results in poor corrugated box compression and
performance.

Each grade of corrugated has a caliper target that is based on the depth of flutes in the corrugator rolls and on the
thickness of the liners and medium used. Whenever the caliper of a given grade of board is less than the target value, we
have failed to achieve the maximum strength potential of the materials we are processing.

There are only two things we can do to maximize caliper: form the flutes to the maximum potential of the
corrugating rolls and avoid crushing the flutes after we have formed them.

There are lots of opportunities to crush flutes in a box plant. Any time corrugated board passes through a nip
between two rolls, we have the opportunity for crushing. Nip points occur at many places in a corrugator and on box
finishing equipment. Examples are the double backer rider roll, double backer weight rollers, printing press feed rolls,
printing plates, etc.

Therefore, caliper control may be one of the most important quality control functions in a box plant. The above is
a list of possible process variables that may influence combined board caliper. If any of these variables are suspected in
causing variability or lack of control in the process, then that variable should be isolated and studied separately.
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Safety precautions

There are no safety precautions.
Content

Test method

The official test method for measuring combined board caliper is TAPPI T 411 “Thickness (Caliper) of Paper,
Paperboard, and Combined Board.” This procedure describes the test instrument, calibration, sampling, and reporting.
For the purpose of this Technical Information Paper, only the designated instrument and its calibration need to be
followed. Sampling and reporting procedures are described below.

Sampling. Once a steady operating speed is reached on the corrugator, after all adjustments are made, sample
sheets of corrugated board should be taken from the delivery end of the corrugator. These samples can come from the
delivery conveyor or an accumulated stack of combined board.

Simultaneously, samples should be taken across the entire width being processed and identified by position and
direction of travel such as operator side, center, or drive side.

If possible, the length of the sample in the machine direction should be at least equal to the circumference of the
corrugating roll.

Frequency of sampling is left to the discretion of the program designer. During the early stages of process
evaluation, frequent sampling may be desirable, but in the later stages where a stable process has been established, longer
times between sampling periods would be suggested.

Some possible sampling frequencies are: (a) one subset at a minimum of ten intervals on one full set of rolls to
determine process variability and stability; (b) one subset of samples for every roll change; (c) one subset of samples for
every grade change; (d) one subset of samples for every roll width change; or (¢) one subset of samples for every flute
change.

NOTE 1: Most locations will prefer keeping data by flute size separately.

Measurements. From each corrugated board sample sheet from each position across the corrugator, cut out five
consecutive pieces of corrugated board approximately 152 mm (6 in.) square in the machine direction. On each sample
piece take three caliper readings in a triangle and average the results. The average value will be the caliper measurement
for that position.

The five caliper measurements can now be used as a subset on a control chart. The number of control charts that
should be set up will be determined by the intent of the exercise. Since most corrugators have a top and bottom delivery
position, it would be best to set up a control chart to measure board quality from the operator, center, and drive side of
the machine. If this is too much work, then at least five 15 x 15-cm (6 x 6-in.) pieces of combined board should be cut
across the web and the caliper measurements on each piece used as a subset in plotting and calculating control chart
information.

Control chart. The most desirable chart appears to be the X , R chart, but there are a couple of options on how to
post the data. The raw data may be posted directly on the chart or the results may be converted to a percent of standard.
By converting to a percent of standard, this will provide the option of handling more than one variable on the same
control chart, such as different flutes, different grades of board for the same flute, etc.

Corrective measures. There are many causes for substandard combined board caliper, and it is not the intent of
the TIP to discuss cause and corrective measures. But for assistance where necessary, it is recommended to consult the
TAPPI Corrugating Defect Terminology Manual (available from TAPPI PRESS).

Example. Caliper checks were taken in five positions across the corrugator from operator to drive side on ten
consecutive rolls of 26-1b. medium when running 32 ECT test C-flute combined board. Results from each 15 x 15-cm (6
X 6-in.) sample from each position were listed for each subset (roll). Average range and average results were calculated
for each subset.

The grand average X and grand R for the ten rolls were used in the standard formulas to calculate the upper and
lower control limits for the averages and range.

Figure 1 shows an illustration of these calculations and the resulting plot of the control chart.

This chart and calculations indicate that the range (R) is in control, but that the roll averages are out of control.
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