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Electrostatidy assisted core 
starts on automatic winders 
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ABSTRACT Elemostuticulb assisted core starting is u method by 
which the leading edge of various ppes ofjlm can be adhered to 
cores ujer being cut on uutomticjlm winhs. The basics of 
electrostatic charging are discussed with pec$c emphasis phced on 
its application to thzi core-stadng technique. Guidelines for p r i d  
instulhions on winders ah0 aw given. The method is compared to 
other &a$er techniques such as double-szded tapes, adbesives, and 
liquid with reped to operating costs, reychbility of cores, und end- 
user p roductivity 
KEywoRDs.. Automatic gwms, coyes, electr‘c chaTe, electrostatic 
churge, winah, winding 

or years, converters have used F tape and adhesive systems to me- 
chanically bond the tails of cut papers, 
nonwovens, textiles, and films to new 
cores on automatic winders. This tech- 
nique allows for a positive, strong bond 
of the web to the core during high- 
speed transfers. However, pressures 
on converters to reduce operating 
costs, provide products of the highest 
possible quality, and be environmen- 
tally conscious have caused them to 
look for alternatives to these core-start 
methods. 

Several problems with these me- 
chanical systems are discussed fke- 
quently by the various processors who 
handle the wound roll. At the converter 
level, the problems include tape and 
adhesive cost and 100% recyclability 
of the cores. At the user level, these 

problems can slow down the process 
to manually cut out the glued or taped 
material and make it impossible to re- 
cycle cores 100% or to use all of the 
converted film that comes from the 
converter. 

Electrostatically assisted 
core starts 

Electrostatically assisted core starts 
overcome these problems in many au- 
tomatic winder configurations by ap- 
plying an electrostatic charge to the 
film for attraction to the core. A brief 
synopsis of the electrostatic charging 
principle will clanfy this concept. 

Insulating films can be held to each 
other or in place temporarily by the 
forces of electrostatic attraction. Once 
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a material has been charged, an elec- 
tric field can be set up between it and 
other oppositely charged materials or 
ground (Fig. 1). The presence of this 
field has an associated force which acts 
upon the film, pulling it toward other 
oppositely charged or grounded sur- 
faces. Single or multiple layers can be 
temporarily held in place by these at- 
tractive forces. The material retains 
this force as long as the charge re- 
mains. 

There are two parts to an electro- 
static charging system (Fig. 2) used 
to create these charges and the associ- 
ated forces. The first is an electro- 
static charging generator, which is 
used to create the controllable high 
voltage necessary for proper charg- 
ing. After taking in standard plant 
power, the generator rectifies thevolt- 
age to a high (30-40 kv) de potential. 
Both positive and negative charging 
generators are available, depending 
on the type of charge needed. In addi- 
tion, the generator serves to safely 
regulate the output current, control 
the output voltage, and provide signal 
and control functions (remote ordoff, 
alarm current feedback, over-current 
protection, etc.). Connected to the gen- 
erator via an insulated cable is a charg- 
ing device (bar, single electrode, etc.) 
which creates air ions. Ions are cre- 
ated near the electrodes and are di- 
rected by the electric field that is set 
up between the electrodes and ground 
to the material to be charged (Fig. 3). 
The insulating material then is placed 
between the electrodes, and a ground 
reference and the charges are  
“trapped” on the surface of the film 
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1. Charged web sets up electric field to ground. 2. An electrostatic charging system 
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(Fig. 4). Now the field is established 
between the film and ground and, 
therefore, is attracted to that ground 
reference (Fig. 5). 

The objective of the electrostatic 
charging system is to produce suffi- 
cient charge density on the surface of 
the web such that when the cut is made, 
the leading edge of the charged web is 
attracted to the core. This means charg- 
ing must occur prior to firing of the 
knife. To gain a complete understand- 
ing of the web dynamics, a closer look 
at the forces acting on the web is in 
order. 

Web dynamics 

There are several forces acting on the 
web just after the moment the web has 
been cut. A force diagram of this dy- 
namic situation is shown in Fig. 6. 

P is the momentum vector acting on 
the web in the direction of web travel 
the moment after it has been cut. Its 
magnitude is significantly lower than 
the outgoing tension that existed prior 
to cutting the web. It is a function of 
the linear speed and the film’s mass. 
This vector’s magnitude increases with 
heavier-gauge and more dense films 
and at higher operating speeds. The 
momentum vector’s sign and direction 
is given by Eq. 1: 

P = m x v  (1) 

I 

where 
m 

v 

= mass of the web 

= velocity of the web. 

A basic understanding of both the 
electrostatic charging principle and 
web dynamics help to explain electro- 
statically assisted roll changeovers. 

The sequence of events during a 
typical automatic turret winder roll 
change is: 
1. The outgoing core builds up to a 

specified diameter where the winder 
is ready for a changeover (Fig. 7). 

2. The turret holding the outgoing core 
rotates (Fig. 8), bringing the new 
incoming core into the changeover 
position (Fig. 9). 

3. The knife moves into position and 
cuts the web. Upon being cut, the 
web is adhered to the new incoming 
core (Fig. 10). 

4. The film begins to wind onto the new 
core at a position at which it stays until 
it builds up again (Fig. 11). 

E is the electrostatic force of attrac- 
tion acting on the web due to the de- 
posited charge. Both the magnitude of 
the charge and the electric field play a 
role in the force’s strength. Its direc- 
tion is radial t~ the nearest grounded 
surface or opposite charge. The mag- 
nitude and direction of the force acting 

3. Ions flow to ground in field set up between 
electrodes and ground. 

Charging 

- 
I 

on a square unit area of the web is 
given by Eq. 2 (in a very simplified 
form for discussion): 

,?=OX E (2)  

where 
CT = charge per unit area (charge den- 

sity) 

= electric field acting upon a unit 
square area of the web. 

Charge density on the web is a func- 
tion of the charging current. The 
charge density on the web’s surface is 
affected in accordance with Eq. 3: 

E 

Z = ilv (3) 

= charging current per unit width 
where 
i 

v = linear web speed. 

From these relationships, the di- 
rect impact of charging current CO the 
holddown force can be seen. 

The objective of a successfd roll 
changeover is to ensure that the re- 
sultant vector in the x direction given 
by Eq. 4, R(x), is large enough to make 
attraction to the web possible: 

R(x) = R COS a 

The knowledge of what parameters 
affect this result is important to un- 
derstanding the requirements of a suc- 
cessful electrostatically assisted core 
start. 

(4) 
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4. Charges trapped on insulating surface 5: Charged surface sets up field to ground 
and is attracted. 

6. Force diagram for leading edge of web the 
moment after the knife cuts the web 

7. Roll size reaches specified diameter prior 
to core change. 
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Several parameters affect the 
proper installation of electrostatic 
charging equipment for electrostati- 
cally assisted roll starts. Factors af- 
fecting the successful use of 
electrostatics for adhesion of the web 
to the core include: 

The use of a proper ground refer- 
ence 

Charging current 

Linear web speed 

Material 

Gauge of the web 

4 Wrap angle of theilm on the new core 

Type of core used 

Position of the knife. 

The existence of a ground reference 
opposite to the charging bar is a re- 
quirement for the proper use of elec- 
trostatic charging for core starts. One 
of the two elements supporting the in- 
coming core structure can act as this 
ground reference. A mandrel support- 
ing the core is the element most widely 
used for this purpose. The mandrel 
must run the complete length of the 
core. Shaftless winding, where air 
shafts chuck the core at the ends, will 
not suffice. Metal cores also can pro- 
vide the ground reference needed for 
charging. In both scenarios, the ground 
reference through the bearings of the 
mandrel to the machine frame is sufti- 
dent for p r o p  system grounding. The 
mandrels or the metal core should be 
made of a highly conductive, nonpainted 
or noncoated condudor. Simple continu- 
ity checks between the mandrel and the 
grounding stud on the charging gen- 
erator will confirm the presence of a 
good ground. 

From the link between charge den- 
sity and the electrostatic force ex- 
plained previously by Eq. 3, the 
charging current is clearly an impor- 
tant factor on the holddown force. Elec- 
trostatic charging generators should 
have a current generation of at least 
600 uAof charging current available at 
0.5 in. Charging current receives a di- 
rect impact by the distance between 
the electrodes and ground. This can be 

dramatically noted by the plot of charg- 
ing currents available as a function of 
distance to ground and output voltage 
&.om the generator (Fig. 12). Note that 
the different voltage output levels are 
required for the same charging cur- 
rent at different distances from the 
ground. Keep in mind that current is 
the parameter that affects the 
holddown force on the web. 

Another variable affecting the elec- 
trostatic attraction of the web to the 
core is the linear web speed. Charge 
density (coulombs per mz) decreases as 
more material passes beneath the 
charging electrodes per unit time. For 
a known electrode-ground distance, 
the current (current is charge per unit 
time in units of coulombs per second) 
is fixed. As more web surface area 
passes beneath the electrodes per unit 
time, less charge per unit length is 
trapped by the web. The momentum 
of the cut web also increases with in- 
creasing film speeds. What follows is 
a resultant force acting less on the 
web in the direction of the core than a 
slow-moving web. 

The material itself affects the de- 
gree to which it can retain charges and 
be held to the incoming core. In gen- 
eral, plain paper stocks, which are po- 
rous and tend to retain moisture, are 
conductive. This leads to relatively 
weak attraction of the web to the core 
when compared to insulating polymer- 
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8. Turret begins to rotate. 

11. Film winds up on the new core until ready 
for the next chanaeover. 

n 

Poiitive 
ions 

based materials. Insulators such as 
polymer films, fabric sheets, and 
nonwovens retain charges easily and 
allow the web to set up a strong force 
of attraction to the core. As the sur- 
face resistivity increases, the material 
takes on a greater ability to have charges 
retained on its surface, and subsequently 
is easier to hold to the core. 

The web’s gauge plays a role in how 
well suited it will be for electrostati- 

9. The new incoming core moves into Dosi- IO. Knife fires, and charged web is adhered 
tion to begin accepting film. to core. 

12. Typical charging current as a function of electrode-to-ground distance 
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cally assisted roll starts. In practice, 
this means that thicker materials (e.g., 
gusseted bags) require higher charg- 
ing currents. For heavier-gauge ma- 
terials, the force that up to now has 
been ignored-gravity-begins to play 
a greater roll on web dynamics during 
core starts. Its effect becomes notice- 
able when gravity counteracts the elec- 
trostatic force after the web is cut (Fig. 
13). Finally, the momentum of a 

thicker-gauge web is greater than that 
of thinner gauges. This resultant force 
counteracts. the electrostatically gen- 
erated force of attraction. The forces 
of gravity and film momentum, both 
of which counteract the electrostati- 
cally generated force, are impacted by 
the thickness of the film. 

Another parameter that needs to 
be considered when dealing with elec- 
trostatically assisted roll starts is the 
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13. For thicker-gauge materials, gravity be- 
comes an important relative force acting on 
the web. -*: ! 6  ... . 

E ;  
P = momentum I - 
d E =electric field 
5 = gravity 
R resultant force 

14. At larger wrap angles (a2 > al), the 
length of the web already pulled to the core is 

‘eater prior to cut off, making it easier to 
)Id down the film. 

15. Size and direction of resultant vector for 
differing knife positions 

wrap angle of the web on the new 
incoming core. As seen in Fig. 14, at 
greater wrap angles (02) a larger por- 
tion of the web is already electrostati- 
cally attached to the core prior to knife 
cut-off. Upon firing of the knife, this 
larger surface area, already held in 
place, requires only the consideration 
of how to hold the web “tail‘, for mini- 
mal foldback. Practically speaking, the 
wrap angle should be at least 459 

The position of the knife relative to 
the incoming core is important in the 
electrostatic core-start technique. As 
seen in Fig. 15, the resultant vector is 
affected by where the knife severs the 
web. When the knife cuts the web 
closer to the core CY), the charged 
film’s electric field acting on the lead- 
ing edge is stronger due to the shorter 
distance to the ground reference than 
a point further downstream &). 

Various types of cores affect the 
success of using the electrostatic core- 
starting technique. One key variable 
affecting the outcome is core thick- 
ness. Thicker cores move ground 
(mandrel) and electrode further apart, 
thereby reducing the ion current. Suc- 
cessful electrostatically assisted roll 
starts have occurred with up to 5B-h.- 
thick paper cores. Practically speak- 
ing, thicker cores reduce the ability to 
make electrostatic starts at higher 
speeds for thicker-gauge films and for 

more conductive materials. The core 
material also has an impact on the 
amount of holding force obtained in a 
given electrostatically assisted roll 
changeover scheme. Core materials, 
in order of preference, are: metal, plas- 
tic, and paper. 

For metal cores, the distance be- 
tween electrodes and ground has been 
shrunk by the core thickness, thereby 
increasing the potentially available ion 
current. Insulating plastic cores easily 
maintain charges of the opposite po- 
larity on their surfaces to hold webs in 
place. Paper cores can easily hold in- 
sulating webs to their surface. When 
conductive materials are to be held to 
the paper or metal core, problems of 
charge leakage and minimal web 
holddown forces arise (Fig. 16). This 
reduces the potential holding force of 
the web to the core. In practice, mov- 
ing from the most preferred to the 
least preferred core materials requires 
an increase in field strength by mov- 
ing the electrodes closer to the core 
(ground). In addition, moving from 
metal to paper cores reduces the abil- 
ity to charge more conductive materi- 
als and reduces the top-end running 
speeds of the winder. 

In addition to these parameters af- 
fecting the success of electrostatically 
assisted roll starts, there are several 
guidelines that apply to charging the 

leading edge of the film to the core. 
These guidelines include: placement 
of the knife with respect to the charg- 
ing bar, other roller interactions with 
the web once it has been charged, and 
the interactions of the various compo- 
nents during the roll changeover. 

First, always charge the web prior 
to being cut. When the knife fires, the 
newly-cut tail must be attracted to the 
core. Second, 100% control over the 
charges being sent to the web is im- 
perative for proper core starting. Any 
fw-ther interactions with the web sur- 
face downstream of the chargingpoint 
will tend to recharge the film to a 
degree that is unpredictable. In prac- 
tice, this requires direct charging of 
the film to the new incoming core with- 
out any interactions with lay-on or 
idler rollers. 

Timing of all the key components 
of the winder with the electrostatic 
charging system is another issue that 
must be understood. Ageneric timing 
diagram (Fig. 17) indicates the inter- 
action between the knife and the 
charging system. Note that the gen- 
erator must come up to full voltage to 
obtain the proper charging-current 
level prior to firing of the knife. This 
ensures that maximum charging ef- 
fectiveness is available at the point at 
which the new web tail needs to be 
attracted to the incoming core. Also 
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note the short duration that the charg- 
ing generator is on after the knife fires. 
This ensures little chargingof the web, 
which can cause dust attraction and 
operator shocking at the unwind. Quick 
switching of the charging generator 
can have the added benefit of reduc- 
ing the time that film tension is low- 
ered during the rewind. These 
guidelines, if followed, will eliminate 
many potential problems associated 
with electrostatically assisted core 
starts. 

Core-start techniques 

The problems faced by converters 
and their customers, including adhe- 
sive or tape costs, an inability to re- 
cycle cores loo%, and the inability to 
maintain process speeds, are caused 
in part by the type of core-start tech- 
nique used. A quick review of the avail- 
able techniques is useful. 

Techniques currently in place for 
facilitating core starts during film 
transfers on automatic film winders 
include: double-sided tapes, adhesives, 
and electrostatic or liquid assist. 
Double-sided tapes are placed along 
one or more faces of the core. The tape 
is cut to length, applied to the core, 
and the release liner is removed. When 
adhesives are used, the operator swabs 
glue onto the core with an applicator 
(brush, rag). The electrostatic assist 
method has been thoroughly explained 
in this paper. As for liquid assist, wa- 
ter or glycerol can be misted to the 
core to start the web. The adhesion 
between the cores and the film is ac- 
complished by the liquid’s surface ten- 
sion and tackiness. Currently, 
double-sided tape is the most com- 
monly used core-start technique, fol- 
lowed by ,adhesives, with the 
electrostatic- and liquid-assist 
techniques being the least common. 

The operating costs for standard 
tape core starts are considerably 
greater than those for an electrostatic 
system. A comparison of operating 
costs between the two transfer 
techniques clearly points out this dif- 
ference. As seen in Table I, the oper- 
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ating costs for the most common core- 
start technique, double-sided tape, is 
projected for two different types of 
tape. An inexpensive multiple-purpose 
tape is compared to a higher-end 
“clean” pull-off type. A simple payback 
analysis, less the cost of capital, is made 
in Fig. 18 for an electrostatic core- 
start system. At higher frequencies of 
roll changes, wider webs, and at  
greater numbers of shiffs, the payback 
period declines. For example, assum- 
ing a continuous three-shift operation 
with core starts every 30 min, the 
payback for a 72-in.-wide web is five 
months. The operating costs of the 
electrostatic-assist system are negli- 
gible; power consumption is less than 
75 W for the few seconds of 
changeover. 

Another problem converters have 
with adhesive-based core-start 
techniques is the residue remaining 
on the core once the web is removed. 
Debris in the form of adhesive or 
double-sided tape left on the core af- 
fects the converter’s ability to recycle 
them. In addition, when operators use 
knives on the core to remove the re- 
maining debris, the surface will inevi- 
tably be cut. This can lead to  
telescoping through the defect. In ad- 
dition, direct labor costs involved in 
removing the debris can be from 5 min 
to 15 min per core. Both the electro- 
static and liquid techniques overcome 
these problems and allow for 100% 
core recyclability. 

A further difficulty experienced by 
end users with the tape or adhesive 
transfer system is the inability to run 
the unwind stand at  full machine 
speeds. At the moment the core of the 
roll is approached, the unwind must 
be slowed down to allow the tape to be 
threaded through the machine. This is 
especially true of diaper lines, where 
the backing and nonwoven materials 
are joined at operating speeds except 
when the core-start portion of the web 
is reached. With nonadhesive core- 
start systems, the film can be spliced 
at full operating speeds. An added ben- 
efit of the electrostatic or water-based 
transfer technique is the ability to use 

16. Path to ground of surface charges when 
conductive materials are placed on paper (or 
metal) cores 
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Surfince 
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a greater portion of the film by run- 
ning the material closer to the end of 
the core. Adhesives or tapes tend to 
‘bleed through,” causing discoloration, 
staining, or other defects in the web. 
Product damage and the inability to 
run the machinery at full production 
speeds are  overcome with the 
nonadhesive core-start techniques. 

Conclusion 

Electrostatic core starts can replace 
glue or tape to provide the holddown 
force required for core starts on auto- 
matic film winders. By examining the 
force diagram, with the cut edge of the 
film as the reference point, the dy- 
namics required for this electrostatic- 
assist technique can be understood. 
This understanding, coupled with the 
background knowledge of how system 
parameters affect the changeover in 
an electrostatically assisted core start, 
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17. Typical electrostatically assisted core-start timing diagram 18. Pavback time. electrostatic vs. taDe svstems 
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leads to a good background of the pro- 
cess. The most significant parameters 
include: a DroDer mound reference. 

creased core recyclability, and in- 
creased machine speeds. 
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