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Measurement of board quality and its 
effect on cost and performance
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A corrugated board quality measurement is of 
interest to:

• Box manufacturers

Our measurement system will provide the 
manufacturer with real time board damage 
data, sufficient to allow the reduction in box 
strength variability by 10% to 30% 

Why of interest?

Presenter
Presentation Notes
Variability in box performance or board performance means that for acceptable performance in the field over time the corrugated board must be over specified to allow the lower performing boxes to meet specification. Our measurements of customer boxes in the last few months reflect areas of the box that are typically 30-40% below the corrugated board potential.



Such variation in board damage must affect the overall box performance – and requires additional component weight (cost) to ensure that all boxes manufactured work at an acceptable level. Removing variation allows the board grade to be down weighted where lighter weight or less strong components are available.
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A corrugated board quality measurement is of 
interest to:

• Box manufacturers

• Brand Owners

Receipt of low variability boxes , improved 
packaging line efficiency and improved field 
performance. Lower packaging cost.

Why of interest?

Presenter
Presentation Notes
Brand owners are often at a loss as to why there packaging performs sometimes and fails miserable at other times. Unfortunately, properties like stacking strength are not linearly related to board or box strength. A 10% loss of box strength can equate to a 300% lessening of stacking life depending upon the storage conditions.



Less failures mean fewer product losses and returns – thus saving money.



Finally, over specification of the boxes due to poor control of damage in the box plant will require more costly packaging and this is generally met by the customer.



Low BQM values (high damage) lead to greater damage during the transport chain. 
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A corrugated board quality measurement is of 
interest to:

• Box manufacturers

• Brand Owners

• Environment

Packaging board is a major contributor to 
landfill in the world. The option of down 
gauging by 15% provides the industry a 
mechanism for demonstrating to 
Government “voluntary adoption”.

Why of interest?

Presenter
Presentation Notes
Down weighting of packaging is a sought after goal of most environmental and regulatory authorities. Consistent measurement of box quality would serve to lower packaging amounts in some applications by 10-20%. 
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The performance of a box in a given 
application is dependent upon:

• The undamaged potential of the box 
components (liner and medium weights and 
strengths).

• Loss in performance potential of the box due 
to manufacturing process damage.

• The logistic chain environment.

The Size of the Prize

Presenter
Presentation Notes
Of the three major areas given in this slide – this presentation is concentrating on the loss in performance potential of the box due to manufacturing process damage. BQM or process damage acts like a scaling factor for the potential performance of the box. Low BQM valued boxes will attract even more damage in the transport chain.



Controlling the damage and the performance loss as early as possible in the box life cycle minimizes subsequent losses and enables the cost to be minimized for a given application.
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The new Box Quality Measure (BQM) measures the 
shear stiffness of the medium and is very sensitive to 
medium damage (crushing).

The Situation

Presenter
Presentation Notes
This slide shows the prototype unit developed by XQi to measure corrugated board damage. The test itself takes around 4-5 seconds to make and displays the result. The test doesn’t require sampling of the board (cutting samples) and is made by resting the unit on the board or blank and pushing a single button. Two versions are available – one that measures at a fine resolution and one that averages 8-10 flutes (the number depending upon the grade).



Subsequent development will allow a non-contact continuous measure that will be marketed to box makers.
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The new Box Quality Measure (BQM) measures 
the shear stiffness of the medium and is very 
sensitive to medium damage (crushing).

Typically, process damage during manufacture and 
conversion introduces up to 30% uncertainty in the 
designed box strength. 

This loss in performance is met by manufacturers 
through increasing the box weight and so, the 
manufacturing cost.

The Situation
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The Size of the Prize
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• Typical manufacturer variation in BQM translates to a 10-30% 
loss in box strength and greater variation in box survival time.

Presenter
Presentation Notes
This graph shows the BQM measure (reflecting the medium shear stiffness) and the corresponding plot of board strength plotted against some arbitrary measure of crushing. Interestingly, because the thickness of the board springs back after crushing, a caliper measure is a very insensitive way of determining if damage has occurred during the manufacturing or transport stages.



From our experience a typical variation of damage in a box is around 80% loss. Very high variation indeed and not necessarily associated with printing block areas.



The loss of board performance reported in this presentation is defined as the loss in box performance of a typical RSC box if the all the board making up the box were to be made with that BQM value representing the board are tested. Although the measurement in a particular area does not directly reflect the performance of the whole box it is clear that in an engineering sense – structures will tend to fail at the weakest point and it is these areas that limit the performance of the box as a whole.



Board performance varies by around 10-30% (40-80% loss in BQM value).



Messmer Instruments Ltd

Manufacturer’s Logo
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Presenter
Presentation Notes
This schematic represents a produce tray with the print areas (marked in blue), the creases (grey) and the damage around the creases marked in a darker brown. Values of medium shear stiffness loss are shown for the panels and the creases. In this instance the box came as an unused blank and had not been damaged in any other way after it arrived at the customer plant.

One of the advantages of XQi measurements is that it can determine damage at flute spacing and so damage around cut outs and creases can be measured and their effect evaluated. Alternative measures typically average the result over a large number of flutes and so particular damage “events” are not as obvious or not observed at all.

Interestingly, the manufacturer’s logo was added to the box and dropped the BQM value in the central panel area where the print was made by 25%.



The load bearing panels were dropped by around 70% - not just due to the print as the outer panels of the tray were unprinted.
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-35%-30%

Logo

-10%

Crease area

-30%

Board Strength Losses

-40%

Presenter
Presentation Notes
This slide represents the made-up tray from the previous slide that showed the blank but this time showing the loss in board strength in the various areas. The manufacturer’s logo dropped the board strength by 10% but was placed in an area that would not control board performance greatly. Of more concern are the board strength losses in the walls of the tray and the losses around the creases. Poor creases (large damage areas) really affect the loaded box performance greatly.



In any case the load bearing walls have been degraded by around 35%. Such losses must have an impact on the box performance (probably of the same order as the board loss), and represent a very large degradation of performance in the field. If the customer does not observe large numbers of failures then it is clear that the box has been over-weighted by around 30% to ensure that the damaged box still performs. This extra weight will be seen as a cost to someone!
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Solution
• Measure and control the board quality at the 

box plant.
• Introduce acceptance testing based on board 

quality performance (BQM) levels and cost at 
the customer site.

These two simple and chain-integrated 
measures will ensure that the full value of the 
box is realized by the customer.

Presenter
Presentation Notes
To minimize this sort of process damage and to claw back savings from this type of packaging a collaborative process between the customer and the manufacturer must be put in place. The BQM measure, for the first time provides a convenient, quick  and accurate means of determining shear stiffness of corrugated board and the level of degradation from the manufacturing process.

To gain full value customers must insist on a specification for minimum BQM value for a given box design and application. 
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In Conclusion
• The BQM is a hand-held testing unit that reliably 

measures levels of box deterioration routinely 
occurring in box plants.

• Conservative estimates show that a 10% lowering of 
board strength variability is available through proper 
quality management.

• There is a requirement for customers to incorporate 
medium damage specifications to ensure full value is 
obtained from corrugated packaging. 
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Measurement of board quality and its 
effect on cost and performance

Stacking Tacoma Single flute

Presenter
Presentation Notes
Additional information was included in the presentation if needed during question time but was not shown due to time limitations. These slides and notes follow.
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Technology details
• 80% Variation in BQM (Board quality measure) 

translates to a 10-30% loss in board strength 
and greater variation in box survival time.
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Presenter
Presentation Notes
This graph shows the changes that take place when an 80% change in BQM value occurs in the corrugated board. The bars show the non-linear relationship between shear stiffness, board strength, board weight and stacking survival time in constant humidity and cycling humidity environments.



The disturbing issue coming from any unnecessary damage in the box is that although the box strength change may be moderate, the survival time affects can be horrendous.
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Tacoma Narrows Bridge

Technology

Principle of resonance reflects the 
natural frequency of the structure.

At resonance the structure moves in 
sympathy with the excitation applied 
and large displacements are possible.

The natural frequency reflects the 
stiffness and geometry of the structure.

Click on the Photo

END

Presenter
Presentation Notes
The video has not been included in this file.
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Presenter
Presentation Notes
To show the sensitivity of the XQi BQM device an experiment was undertaken where single flutes lines were damaged and then successive flutes (including two that were damaged) are measured. The flute lines were damaged by pressing an aluminum strip into the flute line.



The blue columns represent BQM values before the flute line damage. The pink columns represent measurements made after the flute lines were damaged The resolution is remarkable and shows that the BQM measurement successfully differentiates between adjacent flutes. This precision is important because it allows quite narrow defects to be measured and evaluated.



In an engineering sense, small defects representing damaged structural elements can have large effects on overall performance. As an example damage a flute line in a strip of board and then hold the board vertically in the md direction and place load (lean) on the board vertically. It will nearly always fail at the damaged flute line. This is despite there being 50 good quality flutes in the board being tested.
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McPhersons #6 main panel- DF 
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Presenter
Presentation Notes
This plot represents BQM measurements and corresponding board performance estimates for an unprinted panel from a major publisher of books. The low areas are presumably caused by pressure rollers or belts used in the conversion process for feeding the boxes in creaser/slotters.



In this case the unused box shows strips of low quality board that lower the board strength in those areas by around 20%. If this is not bad enough the stacking survival time of these boxes could be affected by up to 10 times depending upon the storage environment.



Of concern is that this damage could be completely avoided by having set up to conveyance system in the plant adequately.
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Measurement of board quality and its effect 
on cost and transport performance

Presenter
Presentation Notes
The next few slides relate to the affect of board quality on transport performance. It is already known that a poor quality board will attract more damage from subsequent logistic chain stages than one where care has been taken to avoid unnecessary damage.



The next slides present work that was undertaken by Amcor research in 2002 and presented at the International Creep Symposium by the Author and others.
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Presenter
Presentation Notes
This graph shows the effect on box performance of a transport stage. The boxes are equivalent except that one has been damaged to give a BQM value of around 8, while the other “good quality” box was maintained at 27.



The transport simulation was made at level II for 10 minutes, and is equivalent to a 165 km truck trip.



The graph shows the measured box strength after the 10 minute vibration simulation for various loads. Interestingly as the load increases the measured box strength sampled after the vibration stage does not change greatly. Eventually, at a particular load during the vibration test the box fails before the 10 minute simulation ends.



In the case of the quality (BQM=27), the load needed to make the box fail during the transport test is around 1500N. For the damaged box this drops to 900 N. In other words a box strength drop due to damage of 16% equates to a drop in applied load during transport of 40%!
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Top Load applied during transport (N)
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Presenter
Presentation Notes
In this slide the previous work is repeated however using only the high quality boxes. The only difference coming from the testing of boxes 2 high (one on top of the other). As shown in transport staking the boxes two high causes failure at a 40% lower loading than the tests taken 1 box high.



Thus the affect of poor damage in transport practice where boxes are stacked more than one high, is expected to be greater than that shown in the previous slide. 



Minimizing box damage could be the most important cost initiative available to the box user!
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Presenter
Presentation Notes
This graph shows the effect on box performance of a transport stage. The boxes are equivalent except that one has been damaged to give a BQM value of around 8, while the other “good quality” box was maintained at 27.



The transport simulation was made at level II for 10 minutes, and is equivalent to a 165 km truck trip.



The graph shows the measured box strength after the 10 minute vibration simulation for various loads. Interestingly as the load increases the measured box strength sampled after the vibration stage does not change greatly. Eventually, at a particular load during the vibration test the box fails before the 10 minute simulation ends.



In the case of the quality (BQM=27), the load needed to make the box fail during the transport test is around 1500N. For the damaged box this drops to 900 N. In other words a box strength drop due to damage of 16% equates to a drop in applied load during transport of 40%!
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Crease distance impact
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Presenter
Presentation Notes
This graph shows the changes that take place when an 80% change in BQM value occurs in the corrugated board. The bars show the non-linear relationship between shear stiffness, board strength, board weight and stacking survival time in constant humidity and cycling humidity environments.



The disturbing issue coming from any unnecessary damage in the box is that although the box strength change may be moderate, the survival time affects can be horrendous.
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