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The present invention relates to drying ma-
chines, and more particularly to means to effect
the control of a paper drying machine so that the
web of paper passing thereover may be main-
tained at a predetermined, constant moisture con-
tent.

In the control of drying machines it is custom-
ary to divide the drying drums into groups or
sections and confrol the supply of drying me-
dium, such as steam, to each section individually.
Many ways of accomplishing the control of these
machines have been devised, but none of them
can effectively handle unusual and rapid fluctua-
tions in the moisture content of the web of
paper as it enters the drying machine. It is an
object of the invention to provide a control
system for a drying machine that will operate to
maintain constant the moisture content of a web
of material passing therethrough. It is a further
object of the invention to provide a control sys-
tem for a drying machine that will take into effect
the sudden changes in the moisture content of a
web of material as it enters the machine.

In carrying out the present{ invention means
is provided which is responsive to the variations
in moisture content of the web as it enters the
drying machine, but whose effect is only tem-
porar.y This means that when any variation in
the moisture content of the web occurs the ma-
chine will be adjusted to take care of this vari-
ation as the web is passing through it. Since the
adjustment is temporary its effects will die out by
the time that the portion of the web having the
variation has passed through the machine. In
addition to the above mentioned responsive
means, there is provided another means which
is responsive to the moisture content of the web
as it leaves the machine. This latter means acts

- to adjust continuously the drying effect of the
machine for any sustained change in the web
moisture content.

The various features of novelty which char-
acterize this invention are pointed out with
particularity in the claims annexed to and form-
ing a part of this specification. For a better
understanding of the invention, however, its ad-
vantages and specific objects obtained with its use,
reference should be had to the accompanying
drawings and descriptive matter in which is il-
lustrated and described a preferred embodiment
of the invention.

In the drawings:
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Figure 1 is a diagrammatic representatlon ofa

paper drying machine and the control system
therefor, and \

65

2

Figure 2 is a diagrammatic representation of
the manner in which the various moisture detect-
ing elements are connected in a moisture respon-
sive electrical circuit,

As is shown in Figure 1 of the drawing, the
machine consists of a large number of rolls { over
which the web to be dried passes. 'These rolls take
the form of hollow cylinders which are suitably
mounted on bearings and are driven at the same
speed by any suitable type of driving means. It
is customary to divide these rolls into groups or
sections which are individually controlled in re-
sponse to some condition of the drum that can
be measured. As is shown herein the drums are
divided into three sections, a wet end section on
the left, an intermediate section, and a dry end
section on the right.

The drums of the wet end section are supplied
with steam through a header 3 that is common
to this group of drums only. Steam from the
main supply pipe 2 passes through a valve 4§ which
is adjusted in accordance with the temperature
of these drums. As is shown herein, there is pro-
vided 2 temperature controller 5 of conventional
type which is actuated in response to the tem-
perature of one of the drums. Accordingly a tem-
perature responsive element such as a thermom-
eter bulb that is placed in one of the drums is
connected by capillary tubing 6 with the control
instrument 8. This instrument is supplied with

‘air under a constant pressure through a pipe 1

and regulates the air in accordance with the
temperature of the drums. The regulated air is
applied through a pipe 8 to the valve:4 to there-
by adjust the opening of this valve in such 8
manner that the temperature of. the drums sup-
plied by the header 3 is maintained at some con-
stant, predetermined value.

In like manner the drums on the dry end sec-
tion are- supplied with steam through a header
$ that in turn receives.its steam from the main
supply pipe 2. The supply of steam to header 9
is controlled by a valve 11 in response to the tem-
perature of the drums as measured by a tempera-
ture controller 12. The temperature of one of"
the drums in the dry end section is measured by
a conventional thermometer bulb and is con-
nected with the instrument 12 through a capillary
3. This instrument also adjusts air from a suit-
ably regulated source which may be the source .
that supplied air to instrument § and applies this
adjusted air to the control valve {{. In this man-
ner the temperature of the drums of the dry end

-section of the machine is also maintained at a -

predetermined constan{ value. While the con-




2,484,504

trollers 5 and 12 have been described as tempera-
ture controllers it is obvious that they can also
be pressure controllers and be responsive to the
pressure of the steam in selected drums of the
wet and dry end sections respectively. In this
case tubes 6 and 13 would be pressure lines instead
of capillary tubes forming part of a thermometer
system. The pressure could be controlled instead
of temperature since the pressure of steam bears
a definite relation with the temperature of the
steam.

The drums forming the intermediate section,
which-is the largest group of drums and supply
most of the drying action, are supplied by a header
{5 that is in turn supplied with steam from the
main. pipe 2 through a valve 21. In this case it is
desirable to control the flow of steam to the drums
and to adjust the control point of the fiow con-
troller in accordance with the moisture content
of the web passing over the machine. To this
end there.is provided an orifice 16 in the connect-
ing pipe between pipes 2 and 15. A flow con-
troller 17 which is responsive to the flow through
this pipe is connected by pressure taps I8 to op-
posite sides of orifice i6. This instrument is sup-
plied with air at a constant pressure and serves
to adjust this air in accordance with the amount
of steam passing through orifice 16 and applies
the adjusted air préssure through a pipe 22 to
adjust valve 21 in a manner to keep the flow
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constant. The control point of this controller
is adjusted in accordance with web moisture in -

a manner described below.

The paper web to be dried is indicated at 23
and it is intended that the paper should be com~
ing from some paper forming machine and pass-
ing from the left to the right through the sue-
cessive sections of the drying machine. Just
prior to the time that the paper enters the dry-
ing machine it passes a first moisture responsive
device consisting of rollers 24 and 25 the latter
of which is grounded and a second moisture re-
sponsive device comprising a second pair of roll-
ers 28 and 29, the latter of which is grounded.
These rollers are. connected in an electrical cir-
cuit to be described below, which circuit is re-
sponsive to the moisture content of the web as it
enters and leaves the drying machines. The
moisture responsive instrument of which the
above mentioned circuit forms a part is located
in an instrumert casing 31. This instrument
acts in response to moisture variations in the
‘web to adjust a supply of air from the suitably
regulated source T and applies the adjusted air
through a pipe 35 to adjust the control point of
flow controller IT. From the above it will be
seen that the temperature of the drums in the
dry end and the wet end of the drying machine
are maintained at a constant value and are there-
fore intended to both stabilize the temperature
of the web and to remove a small amount of
moisture therefrom. The main drying effect of
the machine, however, is obtained by the inter-
mediate section 15. This section is adjusted in
response to the moisture variations in .the web
- so that the paper as it'leaves the machine will
have a substantially constant moisture content.
The general arrangement of the drying machine
which is described above is similar to that dis-
closed in Krogh Patent 2,401,832, granted on
June 11, 1946, and the control provisions of the
temperature and flow responsive instruments
may be the same as the instruments described
in that patent. The invention-in this applica-
tion is particularly directed to the manner in
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which the various moisture responsive devices
are connected in circuit so that the instrument is
responsive not only to the general trend of the
moisture content of the paper but also to sudden
fluctuations in this moisture content. The
moisture measuring and control apparatus per
se is, of course, adapted to be used in connec-
tion with other control systems than that dis-
closed herein.

The moisture measuring circuit disclosed
herein depends upon the resistance of the webh.
It is known that the electrical resistance of a
web of paper varies with the percentage of the -
moisture therein. As is diagrammatically
shown in Figure 2 the moisture measuring cir-
cuit is in the form of a Wheatstone bridge. As
is shown therein one leg of the bridge consists
of a fixed resistance 36 and a variable resistance
including the web 23, as it passes between rollers
24 and 25. These latter rollers are shunted by a
condenser 31. A second leg of the bridge con-
sists of a variable resistance formed by the web
as it passes between rollers 26 and 21, a second
variable resistance consisting of the web as it
passes through rollers 28 and 29 and a fixed re-
sistance 40. A third leg of the bridge consists
of a fixed resistance 38 while the fourth leg of
the bridge consists of an adjustable resistance 39
which may be adjusted to some fixed value to
correct the constants of the circuit. The-last
two mentioned legs of the bridge are connected
by an adjustable resistance 41 that is automati-
cally adjusted as the bridge is unbalanced to re-
balance the bridge circuit. D. C. current is sup-
plied to energize the bridge from a suitable
source 42 and is connected into the circuit be-
tween points 43 and 44. Unbalance of the bridge
is detected and amplified by a detecting and
amplifying mechanism 45 which is connected to
the opposite points of the bridge at 46 and 47.
Any unbalance that may occur is applied to a
relay mechanism 48 which serves to adjust the
value of resistance 4i to rebalance the bridge
system ‘and simultaneously to a relay 49 which
serves to adjust a supply of air under pressure.
The adjusted pressure is applied through pipe 35
to the control point adjusting mechanism of
flow controller 11. It is noted that the hridge
mechanism above described is substantially the
same as that disclosed in Figure 5 of Wills Pat-
ent 2,215,805, that was granted on September
24, 1940. The detecting and amplifying mecha-
nism 45 may be of the type disclosed and con-
templated in that patent. The relay mecha-
nism 48 and the air relay 49 are similar to that
used to balance the potentiometer and to adjust
the air relay in a manner described in the above
mentioned Krogh patent. It is intended that
the showing herein is diagrammatic rather than
being the detailed description of the type made
in the Krogh and Wills patents.

In the operation of the.present system, the
bridge circuit is unbalanced by changes in the
resistance of the various arms produced by the
moisture carried by the web. Assuming that
the web’s moisture content has remained con-
stant for a period of time long enough for the
bridge to be balanced and that the pairs of roll-
ers 24, 25 and 26, 27 are placed close enough
along the line of web travel so that changes in
web moisture will affect the resistance between

- the pairs of rollers substantially simultaneously.

7

With the bridge balanced there is the same po-
tential drop across the pairs of rollers due to web
resistance, and condenser 31 is charged to that
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potential. Upon the occurrence of a moisture
change in the web the resistance between the
pairs of rollers will change. The potential drop
between rollers 28 and 27 will change immediately
to cause unbalance of the bridge. Such a change
is detected and amplified and produces an oper-
ation or relay 48 to adjust resistance 4{ in a
direction to rebalance the bridge. The above
mentioned resistance change of the web will also
produce a change in the potential drop across
rollers 24 and 25. This change. will not take
effect immediately, however, due to the charging

or discharging of condenser 31. After a period

of time depending upon the circuit character-
istics condenser 37 will assume a charge equal
to the new potential drop across rollers 24 and
- 25 which will be equal to that across rollers 26
and 27. While the charge of condenser 37 is
changing the bridge circuit is being unbalanced in
the opposite direction to that mentioned above
so that resistance 41 will be shifted bac¢k to its
original value.
ture will produce a temporary bridge unbalance
in ohe direction or the opposite direction that is
removed at a rate depending upon the condensef
circuit characteristics. As relay 48 is being op-
erated to adjust resistance 41 it is also adjusting
the air relay 49 so that the latter will produce air
at a pressure that is proportional to the un-
balance of the bridge and the moisture content
of the web. This air pressure is applied to the
control point adjusting mechanism of flow meter
171 to change the supply of steam to the drying
drums in the intermediate section of the dryer.
Thus, the drying effect of the drums is made
to anticipate changes in moisture of the web
being fed to it. Preferably the characteristics
of the condenser circuit are such that the change
in its potential will take place during the time
that the web which produced the change is pass-
ing through the machine. Therefore the change
produced by the above described bridge unbal-
ance will only be of a time sufficient to correct for
the fluctuations in moisture content of the web as
it approaches the dryer. i

The potential drop across rollers 28 and 28 is

detérmined by the resistance and therefore the

moisture content of the web as it leaves the dryer.
Changes in the resistance of the web at this point
will not be sudden, but will be the result of the
over-all operation of the system. Therefore any
unbalance of the bridge circuit will produce a
sustained correction in the adjustment of the flow
controller so that the web leaving the dryer will

have a substantially constant moisture content.

From the above it will bo seen that the loca-
tion of the moisture responsive devices with re-
spect to web travel and their position in the
control circuit produces a control system-that
can correct for changes in the moisture content
of the web as ‘it is both entering and leaving
the drying machine. Such a control system will
produce a web of more nearly constant moisture
content than it has previously been possible to
obtain. The system, while making rapid changes,
will not be subject to hunting. The average ad-
justment over a period of time will be the result
of the moisture content of the web as it leaves
the machine.

When a recording mechanism is also operated
by relay 48, as is usually the case, the circuit

above described will produce a record that takes:

Into account the moisture content of the web
both as it enters and as it leaves the machine.
At times it is desirable to have a record of the

Thus any change in web mois-
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moisture content of the web as it leaves the ma-
chine. This may be accomplished by removing
from the circuit the effects of the moisture re-
sponsive devices placed at the entrance to the
machine. To this end there is provided a shunt
circuit around the pairs of rollers 24, 25 and 26,
21.. This circuit is provided with a pair of
switches 8{ and 52 that are normally open to
render the circuit ineffective, When switches 5
and §2 are closed the bridge will be unbalanced
only in response to moisture variations at the
moisture responsive device at the exit of the dry-
ing machine, or rollers 28 and 29. The record pro-
duced at this time will be responsive to the mois-
ture content of the web only at the exit of the
machine. The control will also be responsive to
the mofsture content of the web at this point,
but for reasonably short periods of time this -
should not be objectionable, -

From the above description it will be seen that
by connecting the molisture responsive elements
into a circuit in the manner described there is
provided a control system which will correct the
drying capacity of the niachine so that it is able
to handle the web as the latter reaches the
machine., There is also provided a means to .
correct the drying capacity of the msachine for
sustained changes in the web’s moisture content
as it is moving from the paper making and dry-
ing machine to a storage roil.

‘While in accordance with the provisions of the
statutes, I have illustrated and described the best
forms of the invention now known to me, it will
be apparent to those skilled in the art that
changés may be made in the form of the ap-
paratus disclosed without departing from the
spirit of the invention as set forth in the ap-
pended claims, and that in some cases certain
features of the invention may sometimes be used
to advantage without a corresponding use of other
features.

Having now described my invention what I
claim as new and desire to secure by Letters Pat-
ent is as follows:

1. For use in a drying machine having a plu-
rality of drying drums and means to supply a
heating medium to the drums, the combination
of means to regulate the supply of drying me-
dium, means responsive to the moisture content
of the material being dried as it enters the ma-
chine, means responsive to the moisture content
of the material as it leaves the machine, and
means jointly responsive to said last two men-
ticned means to adjust said means to regulate
the supply of drying medium. .

2. For use in a drying machine having a plu-~
rality of drying drums over which a material to
be dried passes and means to supply a drying

. medium to the drums, the combination of a first

means responsive to the moisture content of the
material being dried as it enters the drying ma-
chine, a second means responsive fo the moisture
content of the material being dried as it enters
the drying machine, said first and second means
being connected so that the response of one is
opposed by the response of the other, means to
delay the response of said second means with
respect to the response of said first means, means
to regulate the supply of drying medium to said
drums, and means controlled jointly by said first
and second means to adjust said regulating
means. '

-3, For use in a drying machine having a
plurality of drying drums over which the material

5 to be dried passes and a supply of drying medium
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for the drums, the combination of means to reg-
" ulate the supply of drying medium, means re-
sponsive to changes in the moisture content of
the material being dried before it enters the ma-
chine, and mechanism to adjust said regulating
means operable in accordance with the response
of said responsive means whereby the drying
capacity of the machine will be adjusted for said
material as it enters said machine, said responsive
means including means to dissipate the action
of said responsive means and the adjustment of

10

said regulating means effected by said mechanism

whereby the response of said responsive means to

a change in the moisture content of the ma-

teria] being dried and the adjustment of said

regulating means made by said mechanism in ac-

cordance with the response of said responsive
~ means exists only for a predetermined time.

4. For use in a drying machine having a
plurality of drying drums over which the ma~
terial to be dried passes and a supply of drying
medium for said drums, the combination of means
to regulate the supply of drying medium to said
drums, and mechanism responsive to changes in
the moisture content of the material being dried
as it enters the machine to adjust said regulat-
ing means, said mechanism including means to
dissipate after a predetermined time the adjust-
ment of said regulating means effected by said
mechanism in response to changes in the mois-
ture content. of the material being dried as it
enters the machine.

5. For use in a drying machine having a
plurality of drying drums over which material
to be dried is passed and a supply of heating
medium for said drums, means to regulate the
supply of heating medium to said drums, an
electrical bridge circuit, a pair of means respon-
sive to the moisture content of the material
forming part of said bridge circuit and being in
opposing legs thereof, means to delay the response
of one of said means whereby upon a change in
the moisture content of the material one of said
means will respond immediately and the other
will respond at a later time to cancel out the
response of the first, said bridge circuit being
unbalanced upon the occurrence of a different

response of said means, means responsive to un--

balance of said bridge circuit, and mechanism
operated by said last mentioned means to adjust
said regulating means.

6. For use in a drying machine having a
plurality of drums over which a web of material
to be dried passes and a supply of heating medium
for the drums, means to regulate the supply
of heating medium, first means responsive to
the moisture content of the web as it enters the
machine, second means responsive to the mois-
ture content of the web as it leaves the machine,
mechanism of which said first and second means

form a part, and operative to respond to the joint

action of said means, and means operated by said
mechanism to adjust said regulating means.

7. For use in drying machine having a plurality
of drums over which a material to be dried passes,
‘and a supply of heating medium for said drums,
means to regulate the supply of heating medium
to the drums, a first means and a second means
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each responsive to the moisture content of the
material prior to the time it reaches the drying
machine, a third means responsive to the mois-
ture content of the material as it leaves the drying-
machine, mechanism including said first and sec-
ond means connected so that the response of these
means is in opposition to each other and sald
second and third means so that the response
of these means are additive, means to relay the
response of said first means upon a change in
moisture content of the material, operating
mechanism operated in accordance with the joint
response of said three means, and means to ad-
just said regulating means by said operating
mechanism.

8. For use in a drying machine having a
plurality of drums over which material to be
dried passes and a supply of heating medium for
said drying drums, first means responsive to the
moisture content of the material prior to the
time it enters the machine, second means re-
sponsive to the moisture content of the material
as it leaves the machine, an electrical circuit
of which said means form a part, said circuit
having a response varying in accordance with the

"responses of said first and second means, a re-
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cording mechanism, means to shift said recording
mechanism to positions varying with the response
of said circuit, and means to adjust said circuit to
remove the response of said first means whereby
said recording mechanism will be moved only
in accordance with the response of said second
means. .

9. For use in a drying machine having a
plurality of drums over which a web of material
to be dried passes and a supply of heating medium
for the drums, a first and a second means each .
responsive to the moisture content of the web
prior to entering the machine, a third means
responsive to the moisture content of the web as
it leaves the machine, a bridge circuit including
said first and second means connected in opposi-
tion to each other, and including said second and
third means connected in additive relation to
each other, means to retard the response of said.
first means, switch means operative to remove
the effect of the response of said first and second
means on said circuit, the change in response of
said three means due to changes in moisture con-
tent of the web operating to unbalance said bridge
circuit, means responsive to unbalance of said
bridge circuit to rebalance the same, and mecha-
nism operated by said last mentioned means to
adjust the supply of heating medium to the
drums.

CHARLES B. SPANGENBERG.
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