Defects in rotary screen printed

fabric

Beth Cormack

Numerous defects occur in fabric that has been printed by the
rotary screen method. In this article, Beth Cormack looks at
their classification, work which was carried out at De
Montfort University, Leicester as the textile interface to a
SERC/Dorma plc funded Image Processing project.

Rotary screen printing is the dominant
method of producing printed textiles,
with a 60% market share. It constitutes
by far the most popular growth area for
new textile printing machinery. Rotary
printing is a cross between traditional
flat screen printing and the engraved
roller processes. The lacquer-coated or
galvano screens are ‘engraved’, forming
a patterned honeycomb mesh. Colour
paste inside the hollow screen is forced
through the open areas, printing a
design onto moving fabric in contact
with the screen. A complete design
comprises a series of screens, each with
its own areas of one particular colour to
be printed. The screens are placed at
right angles to the moving print blanket
or table, and those which print the dark
colours are usually at the beginning of
the print table, and are thus the first to
print onto the fabric; the lighter colours
print at the end of the process.

Rotary screen printing offers many
advantages over roller and flat screen
printing; productivity can be 300% and
150% higher respectively. Screens can
be quick and relatively inexpensive to
manufacture, especially with the
introduction of laser engravers. Rotary
screen designs offer more colours with
fewer design restrictions. The machines
also need fewer skilled operatives, thus
reducing labour costs.

Fabric inspection

Manufacturers aiming to produce
quality items at a competitive price
need effective quality control in textile
printing. A balance has to be achieved
between speed and an acceptable
standard of quality for maximum profit.
Inspection of the printed fabric is an
essential aspect of quality control. There
are three opportunities to inspect the
printed fabric in production, none of
which is ideal. The first is on the print

table prior to setting; this is limited by
the human operative’s inability to
inspect the fabric thoroughly at high
production speeds (around 35-45
m/min). In addition, the distance at
which the operative has to stand from
the fabric makes it unsuitable for close
inspection. The potential for instant
remedial action is an advantage here, as
defects can be immediately corrected,
preventing costly continuation of
individual faults. A disadvantage of
inspecting so early is that additional
defects like flushing, resin stains and
can-dust may occur later in the process
and remain undetected.

When the fabric leaves the machine
after fixing, another opportunity to
inspect the print arises. Fixing is
generally the last production process
before packing and storage, and so the
fabric already features the majority of
defects. Unfortunately, the fabric is
moving at a constant rapid speed as
well as being flaked (moved back and
forth), making inspection impossible.

The traditional inspection table
supplies the third opportunity, after
completion and before warehousing or
transportation. The fabric is passed over
a large, flat, well illuminated table and
assessed visually. The inspection speed
is variable and can be controlled; thus,
average inspection speeds (around
30-35 m/min} are lower than product
printing speeds. The inspector stands
about a metre and a half away from the
centre of the fabric or patrols from side
to side. In general, close proximity
increases the detection of small random
defects. However, the disadvantage is
that there are few remedial actions and
the damage is already done.

A research team at Leicester’s De
Montfort University is investigating the
potential of automated inspection of
printed fabric to reduce, and eventually

replace, visual inspection during the
printing process. Financially supported
by SERC, IBM and Dorma plc, the
project aims to demonstrate that
automated inspection using a computer
image processing system can reliably
detect defects as they occur during the
printing process.

Defects in rotary printed fabric
The De Montfort project aims to
instigate the detection of defects with a
view to correcting them ‘on-line’. The
programme required information about
the defects which occurred during the
production of rotary printed fabrics.
This was obtained from several visits to
industrial printing establishments, since
it was imperative that the information
was commercially realistic. Fabric
samples were collected, and defects
collated into a definitive catalogue.
From investigating the types of defect
that the rotary screen textile printing
industry experienced, a database of
print defects was built up. The data
were based on information supplied by
eight textile printers (Cunningham
Johnson Ltd, Dorma plc, R A Irwin and
Co. Ltd, Laura Ashley, Lonhro Textiles
Ltd, A Sanderson and Sons Ltd, Stead
McAlpin and Co. Ltd and Strines), and
one dyestuff producer (ICI Colours).
These defects were divided into two
categories — systematic and random.
Systematic defects are attributed to the
nature of the equipment. Random
defects occur during printing for many
different reasons, such as poor
maintenance, screen blockage and
fabric faults. Fifteen separate defects
were identified from the industrial
visits, and these are described below.

Print fit
Each colour in a print design has its
own screen, A misfitting screen’s colour
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will overlap another colour on one side
and leave an area uncoloured on the
opposing side. So the circumference
and timing of the screens are vital.

A new screen is required if the
problem is caused by the screen being
incorrectly engraved or if it has the
wrong diameter, If the screens are not
synchronised, lunge or seize, then the
error will continue until it is corrected
by the operative. Should the screen be
skewing (not printing at the correct
angle to the print table), then it may
correct itself or will need to be
straightened by the operative. If the
screen bows {changes shape), this will
cause misprint variations in both width
and length; the more screens and the
wider they are, the greater the chance
of this happening. Misprinting also
occurs if the fabric is not properly
adhered to the print blanket and thus is
able to move around.

Screen block

The pores of the screen may become
blocked from either the inside or the
outside. Any such blockage prevents
the coloured paste from printing onto
the fabric, leaving an uncoloured area.
These defects are particularly noticeable
when they occur in colours contrasting
with the fabric background. Screen
blockages repeat at the same location at
uniform intervals until they are
removed.

Among the possible causes are
accumulation of lint or thread on the
screen, and small balls of tangled fibre
(neps) which are printed and then fall
off, leaving pinhead sized areas of
uncoloured fabric. These problems can
be remedied by improving fabric
preparation and regular changes of
sticky rollers at the beginning of the
print table. In addition, dried paste can
solidify on the screen, especially if the
screen is inadequately cleaned between
print runs. A aptch used to mend a
screen can slip, blocking the paste’s
path to the fabric. Better maintenance
of the screens is the only solution here.

Screen leak

The screens used in rotary printing are
made of a lightweight alloy. The larger
the design, the greater the area that is
porous. The screens are easily damaged
and are susceptible to wear and
mishandling, causing cracks or holes in
the screen, allowing excess paste to
escape onto the fabric. Using an old and
worn screen can add to the problem,

Missing colour or dry screen
This fault may not be ebvious until the
fabric is compared with the

specification. There are two possible
causes - either a screen not been fitted,
or it has not been filled with paste.

Uneven colour or print definition

Ideally, the application of colour should
be uniform throughout the printing
process to avoid variations in intensity,
streaks and so on. The application time
(speed), pressure and viscosity of the
paste affect the intensity of the colour.
Excessive application of paste is
expensive and may affect the handle of
the fabric, especially when pigments are
used, making it undesirably stiff.

There are numerous causes of these
faults. If the print paste is running out,
then the colour will become fainter as
the available paste decreases. If its
viscosity is not constant, then this will
also cause such defects, as will variation
in squeegee pressure. Old and worn
screens can give fuzzy edged outlines.

If pretreatment processes such as
sizing are applied unevenly, then the
paste’s interaction with the fabric is
affected; frequently, this is not visible
until after the colour has been applied.
When the machine stops, coloured
paste bleeds onto the fabric, with each
screen leaving a transverse stripe across
the fabric. When printing restarts, it
gradually returns to normal as speed
and viscosity become more uniform.

Rolls of fabric are joined together
with seams, and these introduce a
relatively large increase in thickness
which affects the printing and paste
uptake; the seam tends to absorb more
colour and so produces a temporary
intense stripe across the fabric. The
seam also affects the screen’s behaviour,
and it continues to print transverse
stripes which repeat at uniform
intervals, eventually fading to normal
printing. In addition, as the screens are
very flimsy, they have a tendency to
buckle or crease. If this happens, when
the screen rotates, it leaves a dark line
across the width, repeating at regular
intervals throughout the fabric length.

Watermarks

Water that drops on to the fabric prior
to, during or after printing may affect
the colour distribution. Watermarks
have a random appearance, but are
roughly circular in shape. The colour is
less intense inside the mark, with a
more intense outside perimeter. Hot
and humid processing conditions
encourage condensation. If it is allowed
to build up, it will then drop on to the
print table; efficient ventilation can
reduce this. They can also be caused if
excessive steam is allowed to condense
during fixing,
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Oilstains

Fabrics tend to be susceptible to
staining by the oil used to lubricate the
printing machines and also from a
variety of other sources during
processing, handling and
transportation. The stains are random
in size, shape and occurrence.

The oil affects the fabric’s affinity for
the dyestuff. If the fabric is printed a
dark colour, the colour intensity will be
affected. Light coloured fabric
(especially white) tends to take on the
yellow colour of the oil. The oil may
also cause the paste to spread in other
areas.

Knots

Knots occur in printed fabrics where
two yarns have been joined together.
The knot may be small and
insignificant, or sc large that the
printing is affected. Generally, they do
not absorb as much dye paste as normal
fabric, and leave a small light coloured
area.

Slubs

Slubs are a yarn fault, where the yarn
increases its diameter and weight over a
very short distance. A uniform yarn
that is relatively free of slubs is
desirable for a fabric to be printed.

If the slub is very large, it may raise
the screen from the print bed. When the
screen is lifted, a small area
surrounding the slub will remain
uncoloured. Slubs can be caused by
faults in yarn manufacturing
machinery, if a high-twist yarn winds
around itself, and if stray fibres wrap
themselves around the yarn.

Stop marks
There are two types of stop marks,
arising from singeing and printing. Hot
air or heated cylinders are used to dry
the fabric following the bleaching and
stentering ranges. If the fabric stops in
these ranges without the burners being
extinguished, it will singe, causing
brown stripes that span the fabric’s
width, at approximately 20 m intervals.
The stripes range in shade from light
tan to dark brown, depending on the
length of time the fabric stopped, the
temperature and the fibre content.
Printing stop marks are caused by
stopping the printing machine, and
appear when the fabric begins to move
at normal printing speed.

Creases

Folds or creases prevent the fabric from
being completely exposed to the print
screens, and the unexposed area inside
the fold remains uncoloured. Creases




vary in width and length, and are
usually self-correcting, tapering to a
point before disappearing. They usually
appear at the beginning and end of a
fabric roll at seams, where the fabric
width has not been uniformly fed into
the sewing machine, causing it to fold.
They can also be caused by the fabric
not lying fiat on the table.

Colour drag
Colour drag normally follows a
horizontal intense coloured line of
colorant. The screens may seize briefly,
causing an excessive amount of colorant
to reach the fabric. The screen then acts
as a squeegee, dragging the paste in the
direction of printing, The drag appears
partially or completely across the fabric
width. Colour drag requires manual
intervention to return to normal.
Possible causes are unlubricated and
stiff screen bearings, and matter
winding around the bearings, leading
to them seizing , causing a continuous
drag. This can be prevented by
removing the build-up manually.

Screen wipe

When a screen is wiped, for example to
remove a screen block, the paste will be
smudged onto the screen surface. This
reduces the amount of defective fabric,
as well as the time to correct the fault.
The smudge is a secondary defect and
appears at uniform intervals, becoming
fainter until it disappears naturally.

Incorrect colour

Each print design comprises specified
colours that have been approved by the
customer. A sample swatch is kept by
both manufacturer and customer for
reference, and the same colours should
beused at all times and that no other
colour should be substituted without
customer approval. The most obvious
causes are incorrectly prepared paste,
the wrong paste altogether being used,
or a paste barrel being inaccurately
labelled.

Dye stain

Without due care, dyes and pigments
can splash onto surfaces, and even onto
the fabric. If the splash is heavy, the
colour may transfer itself onto a screen,
and the stain repeats on the fabric at
uniform intervals corresponding to the
screen’s circumference. It becomes
fainter in colour until it eventually
disappears, and so is self-correcting.

Defect prevalence

Having established what the automatic
vision system has to detect, a study of
the prevalence of defects was a logical

progression. The data supplied by the
printing companies were sufficiently
detailed to enable a determination of
the prevalence of the print defects.

Each company sent a copy of their
print division’s quality control records
covering a period they felt represented
normal production. The information
and distribution of the defects within
the reports varied enormously from
company to company, with defects
categorised into as few as nine and as
many as 34 different classes, with an
average of 14 across the companies.
Table 1 shows the data broken down
into 16 classes, which covers the route
of manufacture in sufficient detail for
most requirements. The occurrence is
expressed as a percentage of the overall
defect population. Of the 16 classes,
only 13 are directly related to printing
processes. These faults which proved
difficult to classify have been allocated
to ‘other (miscellaneous) print’ defects.

Although systematic defects have a
lower share of the overall prevalence of
defects, the print companies and
machine manufacturers are addressing
the problem. The German company
MBK Textilmaschinen and Fieldcrest
Cannon of the USA are liaising to
develop laser-controlled printing.
Johannes Zimmer produced the
Rotascreen Klagenfurt which features
automatic positioning of the length,
width and diagonal repeat settings of
the screens by memorising them, thus
reducing misregistration in setting up
in future production runs.

Random defects dominate the overall
prevalence with an 82.4% share, but it
would appear that little action is being
taken to reduce their occurrence.

Table 1

Defect QOccurrence (%)
1. Misfit 14.4
2. Off straight 3.2
3. Stop marks 10.3
4. Off shade 9.0
5. Other print 7.9
6. Colour missing 6.7
7. Other prep/fin 6.5
8. Screen biock 6.2
9. Screen leak 57
10. Creases 4.0
11. Stains 2.6
12. Qilspots 0.96
13. Streaks 0.28
14. Cloth defect 9.5
15. Fabric width 5.1
16. Misc. 8.2

Conclusion

Systematic defects (1 and 2 in Table 1)
are a relatively small proportion of the
overall occurrence. However, this is
more serious than it appears since only
two of the 16 defects are responsible for
this share. Misfitting appears to be the
most frequent cause of fabric failing to
reach the quality standard and falling
into the ‘seconds’ bracket to be sold at a
lower price. This systematic defect can,
in most cases, be corrected by a screen
adjustment. Registering successive
screens prior to printing is a skilled task,
and hundreds of metres of cloth can be
wasted if the screens are not aligned
properly. Individual rotary screens can
be registered automatically using laser
positioning; trials concluded that
around 89% less fabric was required to
gain acceptable registration, compared
with mechanical or fibre-optic systems.

Random defects are more abundant,
but they are caused by all of the
remaining 14 categories. Stop marks are
the most common defect, and fabric
with this fault is likely to be rejected
completely. Screen block, screen leak
and off shade of a minor nature will
‘second’ the fabric.

The results of this study are
comparable with a similar unpublished
study carried out by the print machine
manufacturer Stork Brabant BV in 1990.
This earlier report was too general in its
classifications to be used for defining
performance requirements for the
automated fabric inspection system.

The on-line automated inspection of
printed fabric has been divided into
two research projects for the detection
of random and systematic defects. The
aim is to detect 90% of all these defects,
thus reducing the amount of second
grade and rejected fabric.

Each fabric must be assessed for
commercial considerations to establish
a tolerance level, since what is
considered a second rating defect in
one print may be perfectly acceptable in
another. To test the equipment and gain
a closer insight into the first/second/
reject tolerance levels, a prototype
inspection system has been set up at the
Dept of Design and Manufacture at De
Montfort University.
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