ELECTROSTATIC PAPERHOLDER

Photographers, droughtsmen, compositors, lithographers, artistic as
well as technical designers, and, of course, architects use drafting
tables which should allow quick and safe exchanging, positioning
and fixing of large sheets of paper. For this purpose, an
electrostatic paperholder has significant advantages over clip-on

A wide range of equipment is currsntly
available for putting graphics infor-
mation on paper. Such equipment in-
cludes prin plotters, XY and Xt
recorders. In all of these, it is essential
that a pen device or printer head can
move with respect to the paper surface.
In most cases, paper is held on a roll,
which is rotated 1o achieve movement in
the Y-direction, while a carringe is used
10 achieve movement of the roll, or the
pen, in the X-direction. There are, how-
ever, also systems in which the paper is
held flar and secured on the working
table, while the pen is moved across it in
both directions. This arrangement is es-
sentially wentical to that of the well-
known drafting table, for which the elec-
trostatic  paperholder  was  developed
about 20 years ago. The current trend in
plotter  design, however, is clearly
towards the rotating paper roll.
To prevent the electrostatic paperholder
falling into oblivion, this article ains ot
viding essential information on the
eperation, designing and building of this
drafting aid.

Theory of operation
The general structure of the clectrostatic

is shown
in Fig. 1. In principle, the construction is
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Fig. 1. Basic siructare of the electrastatic
paperhalder,

systems or bits of drofting tape.

relatively simple, but some theoretical
knowledge is required for cxplaining and
understanding the basie operation and
the effect of all parameters involved,
The system can be analyzed in two ways.
One is based on the theory of electrical
fields. This includes the possible, bat im-
portant, role of a large number of side-
«effects that other models foil to take into
account.

The second way of analyzing the elec-
trostatic paperholder i an essentially
qualitative approach which has the ad-
vantage of being more

The above model allows simple deducing
of a number of additional parameters
that determine the adhesive force be-
tween paper and working mble.
Relative humidity of the paper is a -
portant parameter. Relative permintivity
of water is as high as 70, caused by the
dipole momems of individual water
malecules, As a result, dickectrical shift
in paper with high relative humidity will
be considerable, causing  increased
adhesive force. [t should be noted, how.
ever, that humid paper has conductive
which are by im-

and
better comprehensible mmnlmlm; of
electrical Tields.
Figure 2 shows a schematic representa-
tion of a pam of the eclectrostaic
paperholder. The diagram shows voltage
Lf present between two tracks of the con-
ductive pattern. This voliage causes an
electric fickd, E, between the tracks. The
fiedd strength is directly proportional 1o
the voliage applied. Lines of foree will
cross (e working asea, b
lu:yum: this, traversing
result in a cer
Pﬂhnuuun of the paper due o diclee-
trical shift, which, in turn, s explained
by the relative perminivity of paper,
which is about 3 (& diclectric con-
stant).
The force between paper and working
tabibe is then best undersiood in terms of
a farce between two charges: one is the

purities in water. Since electric field
strength is effectively cancelled in a con-
duscter, there will be no force at all on
paper when this is humid. In practice, it
has evolved that a relative humidity of
40-50% is optimum for most appli-
cations.

apparent charge caused by
of the paper (proportional to field
strength E and, therefore, voltage L), the
other the charge on the electrodes of the
working 1able (also proportional o L,
and, in addition, 1o the capacitance).
Since voliage [f determines both the
degree of paper polarization and the
amount of charge on the electrodes, it
<an be safely assumed that the foree is
moportional to the square of [7. In ad-
dition, the foree between two charges is
imversely proportional to the square of
the distance, which means that the
thickness of the insulating layer above
the electrodes is an important factor.
Also note that the number of lines of
|‘am; traversing the paper decreases with
an increase in the distance between
paper and electrodes.

Fig 2. The electric field camses dielectrie
shil i the gaper, resulting in u force between
paper and electides,
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Fig. 3, The patiern of the lines af faror is de-
teremimed by fhe grometry of the frack pat-
lerm.
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A further important parameler 1o con-
sider is the geometery of the electrode
paitern, since this determines the pattern
of the lines of force. Tracks whose width
is small refative to the (rmck-to-track dis-
tance cawse the field 1o become so nar-
row that it does nod act on the paper. A
higher width/distance ratio gives a more
favourable pattern of the lines of force
{scc Fig., 3). A ratio of slightly more than
2 was found Lo give best results in prac-

tice.

The final parameter o consider is the
permittivity of the working table
material.  High  relative  permittivity
results  in high  inter-clectrode
capacitance and, therefore,
amount of electrode charge (3 =LC),
Hence, adhesive force is also greater.

The curves in the graph of Fig. 4 were
obtained from experiments. The y-axis
shows force per unit of area at a certain
voltage and electrode distance. Increas-
Ing this distance resules in strong vertical
shrinking of the curves. Increasing the
voltage by a cerlain factor compresses
the vertical scale with the square of the
factor,

An experiment

Observing the above eriteria, the follow-
ing conditions should be met for obtain-
ing reasonable ndhesive force on the
paper:

» Voltage should be as high as possible
without  causing  arcing  between
tracks,

# Paper-clectrode distance should be as
small as possible.

» Relative permittivity of the working
table shouald be high.

® Ratio of tfack width to track distance
should be greater than 2.

A further :mpbnanr consideration not
mentioned so fur is safety. Clearly, the
first 1wo of the above conditions conflict
in respect of safety. For an cfficiently
operating paperholder, paper-electrode
distance should be of the order of hun-
dredihs of a millimeter, or one tenth at
the most. A voltage of 1 kV already re-
quires special properties of the upper
layer of the working Lable in respect of
insulation.  Standard  epoxy

material is unsuitable here because it is
1o thick. Considerable adhesive force is
obMained when the paper is laid direct
onio the copper tracks, but audible cor-
oma effects vin the paper will be ob-
served (L'=2.5kV: track  distance:
2.3 mm). Polycarbonate foll as wsed for
Elektor  Elecironics  adhesive  front
panels ensures sufficient electrical insu-
lation, but has the disadvamage of re-
ducing the electrostatic effect by increas-
ing the electrode-paper distance. Beteer
results should be obtainable with much
thinner foil as used for covering model
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the velisge.

airplanes. This material is simple to
secure on surfaces with the aid of a flu-
iron, but the insulating pmwnm would
have to be checked in pract)

Practical suggestions
The drawing of Fig. 5 shaws a suggested

Ordinary PC board material can be used
2 the base material. The track partern is
readily made with the aid of rub-off an-
work transfers. A compléte master pat-

tern on one sheet (track width: 3 mm;
track distance: 1.5 mm) is rubbed ofl in

Alternate tracks are then
shortened, and prowruding tracks are
connected at both sides. After etching,
the panel can be smoothed with a thin
layer of potting compound (car body
repalr material is suitable here). After
this has stiffened, the layer is cleaned,
polished, and covered in model aircraft
foil (Fig. 5).

The hl:h valnm- source for the
need not supply current
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Fig. 5. Structure of 3 bome-made
paperholder 1o imditional design,

because leakage current in the etched
panel will be negligible. Figure 6 shows a
suggested circuit for the high voliage
cascude. The use of a mains transformer
s obligatory. 1 a 141 safety ll:ml'o(m«
s mot available, o step-down 1
(240 V/11T V) may be used with the mrv
responding number of cascade sections
added. The actaal vobage required
depends largely on the foil thickness, so
that the high voliage sousce is best con-
structed in a step by step manner by add-
ing as many cascade sections as requined,
Commercially available  clectrostatic
paperholders usually operate at | KV,
A pratotype of the paperhelder required
2., 3 KV (track width 3 mm; track dis-
tance 1.5 mm; foil thickness :
0.05 mm). The circuit diagram of the
voltage source used is shown in Fig. 6.
Four cascade sections in each arm were
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Fig. 6. Symmetrical high volisge supply for the papeeholder.

used 1o give an  owpm  of
8330 V=2640 V. The resistors fiteed in
parallel with the high-voliage capacitors
ensure that the paper is released within 2
1o 3 seconds after switching off. The
high-value series resistors function as
current limiters 1o safeguard users
lethal currems when the electrodes are
accidentally touched. Every precaution
should be taken 1o prevent this happen-
ing, bearing in mind that even small cur-
rents can be lethal when carried in or
near the heart area,

An alternative

ecause this lics in an area of one poten-
tial only. This set-up has advantagss in
respect of safety and construction,
because the upper electrode can be con-
nected 1o earth, while the high veliage is
only present well-insulated at the bower
side.

The circuit diagram of Fig. 8 shows that
the cascade used for the aliernative
paperholder is asymmetrical 1o prevent
high voltages between the primary and
secondary winding of the transformer. A
S-stage HV cascade was used to obtain
an output of about 1700 V. Figure § alio
shows the use of two small | ltag
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Fig. 7. Altermative  construction of u
paperholder, which s csemiially 3 PCB sand-
wich. The HY electrode s formed by the un-
elched copper sarface on the lower circuil
board. The spper clectrode is cantived.

A disadvantage of the alternative
paperholder deseribed is the need for the
paper to be in galvanic contact with the
upper electrode. This means a higher
risk of oxidation of the copper tracks,
unless these are tinned. The upper side
of the work area can be smoothed with
a thin layer of potting compound as dis-
cussed earlier.

It is hoped that this article provides a
basis for further experiments in building
an electrostatic paperhodder of the re-
quired size. Your practical notes and

tritnsformers whaose secondary windings
are 1o act as a 11 safety trans-

The: i effect of the p

suggested paperholder i still relaively
small, notably when using certain types
of photographically sensitive or other
P¥C-based  paper.  An  alternative
paperholder was, therefore, designed
and studied to overcome this defiency.
The new structure is shown in Fig. 7: the
working surface is essentially composed
of doublesided PCB material. It is,
however, recommended o use two
separate sheets of single-sided material,
since this automatically ensures insu-
Lation of the lower s lower elec-
trode is simply a large conductive sur-
face. The tap side carries a fine patiern
of imerconnected tracks {a checkered
pattern is also suitable) which forms the
complementary electrode. Paper laid on
the top surface will be at the potential of
the upper electrode. The function of the
etehed pattern is to ensure that foree s
evenly distributed over the entire sheet.
Adhesion is not obained by dielectric
shift in the paper, but as a result of the
force between the charge transferred
onto the paper by the upper electrode,
and the charge on the lower electrode.
There is no diclectric shift in the paper

former,
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