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     Uncoiling, transporting, tensioning, and recoiling are 
common operations on paint lines, slitting lines, tension 
leveling lines, and other coil processing operations.  
The task of transporting the sheet (also called “web” in 
the terms of the paper and plastic film industry) through 
the various processes often causes unwanted defects.  
This article will briefly describe the history of web 
handling research, discuss some of the more common 
types of defects caused by poor web handling practices, 
and explain how web handling principles can be used 
to minimize these defects and improve profitability.

Web Handling Background
     The science of transporting a sheet or strip through 
a process is termed “web handling”.  In this context, a 
web is defined as a thin, long, flexible material.   The 
web handling process was identified by the paper and 
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plastic film industry as a major contributor to quality 
defects and runnability problems.   Therefore, in the 
early days of web handling study, the research focused 
on very thin plastic and paper webs.  As the years went 
by, it became apparent that the same fundamental prin-
ciples governing plastic and paper web behavior were 
also applicable to metal webs.
     One of the most important sources of web han-
dling knowledge is the Web Handling Research Cen-
ter (WHRC) at Oklahoma State University, which 
was created in 1986.  The research conducted by the 
WHRC and their related conferences and training 
programs has helped educate a wide audience on 
the fundamental principles of web handling.  The 
WHRC is an Industry / University Cooperative Re-
search Center, with a focus on expanding the knowl-
edge base in web handling to industrial sponsors and 

The Winder on a High Speed Web Line Used for Evaluating Mathematical Models 
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others that are concerned about web handling.
     The WHRC has deepened the knowledge base by 
describing web behavior with fundamental principles 
which can be applied to any type of web – including 
metal webs.  Knowledge of the fundamentals assists 
many industries to improve their equipment designs 
and operating practices.  Area of study include me-
chanics of coil winding, guiding and tracking, tension 
control, wrinkling and creasing, air films between webs 
and rollers, and a variety of other related topics. 
     The WHRC utilizes extensive laboratory facilities 
to verify theoretical research.  The facilities include a 
high speed web line capable of running 30” wide webs 
at transport speeds up to 5000 ft. per minute, as well as 
other web transport and testing equipment.   

The Business Case for Web Handling
     Poor web handling practices create defects and 
operating problems which are responsible for millions 
and dollars per year of waste in the metals industry.  
The most common quality issues encountered include 
sheet scratches, sheet breaks, uneven coiling, creases 
and wrinkles, coating thickness variability, and width 
control problems.
     The end customer is not willing to pay more for a 
product without defects; they expect defect free coils 
as part of their purchase price.  However, poor web 
handling practices take money away from the metal coil 
processor, in the form of: 
• Excessive quality defects
• Increased scrap
• More Rework
• Higher Downtime
• Slower Speeds
     So what does the end customer expect?   They 
expect to receive a stable, uniformly wound coil with 
the proper protection to prevent shipment damage.  
They expect the proper metal substrate, with the right 
combination of strength and flexibility.  They expect the 
correct surface treatment – both functional and visually 
pleasing.  They expect zero defects.  And they expect 
all of this at an economical price.  In order to provide a 
product at an economical cost, the coil processor must 
be as efficient as possible.  This is done by running 
maximum processing speeds with minimal downtime, 
coupled with zero defects and minimal rework.
    The most common countermeasure to web han-
dling problems is to slow down the process.  So it 
is clear that running maximum efficiency is often 
in conflict with defects created by web handling 
problems.  On a day to day basis, it is easy to over-
look the long term effects of poor web handling.  As 
each cause for line slowdown, rework, and scrap are 
recorded and summed, the overall effect over the 
course of a month or a year can be surprising.   In 
one case on a high speed coil coating line, losses 
due to sheet creases amounted to over $100k in a 

month.  In another example, a coil finishing depart-
ment experienced chronic problems due to poor coil 
winding and coil collapse.  By using web handling 
principles to understand the fundamental mechan-
ics of the coil winding issues and controlling the 
parameters to proper levels, over $1 million per year 
in cost savings was achieved.  

Key Web handling Principles
     The web itself – Understanding the proper-
ties of the web material can help to explain its 
behavior.  Sheet thickness, width, Poisson’s ratio, 
and yield strength all play a part.  Also the sheet 
flatness, camber, and surface roughness are impor-
tant when attempting to describe web behavior or 
troubleshooting a web handling problem.  
     Normal entry theory - One of the most important 
fundamental principles of web handling is the nor-
mal entry theory.  This theory states that a web will 
approach the rotational axis of a roll at a 90° angle, 
see figure 1.  This fundamental principle holds true if 
the sheet to roll traction is high enough.  If the sheet is 
heavily lubricated and the roll has been worn smooth, 
then the sheet will not quite reach 90°.  This concept 
explains poor sheet tracking behavior that is caused 
when rolls are not properly aligned.1

Fig. 1 Normal Entry Theory

     The curved axis roll (often called a banana, bowed, 
or Mt. Hope roll) spreading function is based on the 
normal entry theory.  Many steering units also work on 
this theory.  Understanding the normal entry theory is 
useful when troubleshooting tracking problems.  Try to 
keep “the sheet will approach the roll at a 90° angle” in 
mind instead of using the “the sheet tracks to the high 
side” or “the sheet tracks to the loose side” thinking.
     Traction – Traction of the sheet to a roll and the 
sheet to another sheet has a close relationship to the 
normal entry theory when describing how the sheet 
will behave as it is transported through the process.  
The traction is determined by the surface roughness of 
the sheet and the roll, the amount of lubricant (includ-
ing coolant, cleaning solution, water, or air) trapped 
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between the sheet and roll surface, the sheet speed, and 
the tension force applied to the sheet.  Changing trac-
tion conditions can lead to excessive lateral movement 
of the sheet.
     Tension control – Control of sheet tension is impor-
tant to many processes, including leveling, side trim-
ming and slitting, coating, etc.  Stable tension control 
is required to provide uniform pressure throughout the 
coil.  Changes in tension can change the coating thick-
ness in some processes.  Also the flatness of the sheet 
can change when line tensions fluctuate during opera-
tion of the leveling process.  Proper tension control is 
achieved with modern drives control technology and 
properly designed tension devices, which include bridle 
rolls, pinch rolls, unwinds, and rewinds.  Common 
practice is to calculate tension in different zones of a 
process line using motor parameters.  However, process 
improvements can be made by receiving direct tension 
feedback by using load cells in critical areas.
     Air entrainment – Air is always trapped between the 
sheet and a moving roll.  With thicker products running 
at high tensions and slow speeds, the amount of air 
trapped is negligible and is not a significant factor in 
sheet behavior.  However, with thinner products at high-
er speeds the amount of air trapped can be significant 
and can affect the traction between the sheet and the 
roll.  This can cause sheet tracking changes, especially 
when there is a speed or tension change (as is often the 
case during line acceleration and deceleration). 

Applying  The Principles
     Lateral stability - In most coil processing lines, it 
is import to keep the sheet “laterally stable” – that is 
keeping the sheet in the center of the line consistently, 
during the running of a coil and during acceleration and 
deceleration of the line.  Sheet tracking or wander can 
cause coating weight variability, side trimmer problems, 
sheet wrecks, and other process inconsistencies.  Keys 
to good lateral stability include:
• Uniform incoming sheet
• Effective guiding systems
• Robust equipment with rigid mountings
• Precise roll alignment
• A regular roll maintenance program

               
 

Stiff Bearing Mounts and Precise Roll Alignment are 
Keys to Lateral Stability

     Coil winding problems – Although coil winding my 
appear to be a simple process, it is the cause of many 
defects related to a surprising number of process inter-
actions.  Dr. John Edwards spoke on this topic in his 
informative paper “The Mystery of Coil Winding,” 2
    “Coil winding and unwinding are the most fre-
quent operations performed on flat strip material….
so it is surprising that there is a negligible amount of 
information available which discusses the technol-
ogy surrounding this operation compared with other 
companion processes such as rolling, annealing 
and coating.  This situation would be understand-
able if there were no problems arising from coiling 
operations.  However, the reality is that in many 
plants…the cost of yield loss, speed restrictions, 
non-standard processing and late deliveries attribut-
able to poor coil winding are staggering with up 
to ten percent of production affected…..Why this 
situation has arisen is difficult to explain except that 
winding appears to be deceptively straightforward 
and there are few measurements normally available 
with which to analyze the operation apart from the 
winding tension.”
     Common coil winding defects include coil col-
lapse (sag and V-buckle), coil dishing, coil wall 
weave, telescoped ID’s, and backwound coil OD’s.  
When troubleshooting this type of problem, the 
most common response is to assume that the coiling 
tension is set incorrectly and make an adjustment.   
Although this is a possible cause, in most cases 
other parameters have changed to impact the coiling 
process.  Factors influencing coil behavior other than 
tension include sheet properties, traction between the 
coil layers, and the stiffness of the core.3    It is im-
portant to understand the within coil stress conditions 
that are generated as a coil is wound.  There are many 
programs which use different approaches to estimat-
ing the radial pressure.  Figure 3 shows an example 
of the radial pressure estimate on a coil wound with a 
steel spool vs. a compressible fiber core.

                 
                                    
 
 
 
 
 
 
 Fig. 2 Example of Within Coil Stress Distribution  



      In many cases, winding problems arise with differ-
ent types of coatings, which exhibit different frictional 
characteristics.  Or thinner and wider products are 
being processed at higher speeds, which allow more 
air to be trapped between the layers.  Sometimes it is 
as simple as coil size has been increased.  The most 
common factors to consider when troubleshooting coil 
winding problems include:
• Sheet Surface roughness
• Coating type
• Coating thickness
• Coating application method 
• Entrained air (affected by parameters such as tension 
and process speed)
• Lubricant thickness and viscosity
• Winding tension nominal setting
• Winding tension taper scheme (if used)
• Coating thickness profile  (variability across the width)
• Metal thickness profile  (variability across the width)
• Equipment alignment
• Type of mandrel and core or spool
• Coil size
     Sheet scratches – The key to troubleshooting 
sheet scratches is to remember that relative motion 
must occur to create a scratch.  A common reaction 
to a scratch which has been isolated to a specific 
roll is to polish the roll to remove the source of the 
scratch.  However, this could actually make the 
issues worse if polishing the roll has decreased the 
traction between the sheet and the roll, therefore 
allowing slippage.  Scratches can also be created 
during the winding and unwinding process.  If the 
torque created due to winding tension exceeds the 
torque carrying capability between the coil wraps, 
slippage can occur.
                         
Web Handling Defects/Theory
     This article only describes a small portion of web 
handling defects and the associated web handling 

theory.  It is meant to demonstrate that the web han-
dling process is an often overlooked, but important part 
of achieving maximum productivity on coil processing 
lines.  Web handling science has advanced significantly 
in the past few decades, and there are many resources, 
books, articles, and consultants available for training 
and troubleshooting.   A simple search on the internet 
using keywords such as web handling, web defects, coil 
winding, etc., will give direction to the research and 
resources available.  Use of these resources can help 
your coil processing operation simultaneously increase 
productivity while reducing defects, therefore increas-
ing profitability.  
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Process Understanding + Robust Equipment = 
Good Coil Quality


