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This invention relates to control mechanism
for use in connection with drying machines com-
monly employed in industries concerned with the
manufacture of paper, textiles, synthetic ma-
terial and the like for reducing the moisture con-
tent of such imaterial to a predetermined value,
and more particularly the invention relates to
means which coact with the moisture control
mechanism in 2 manner hereinafter to be de-
acribed to reduce the temperature of the drying
machine during an interval that no sheet ma-
terial is passing therethrough as may be occa-
sioned, for example, by a break in the sheet ma-
terial. When the material is again introduced
to the machine, the mechanism also functions to
return the drying temperature to such values as
may ke required to provide a predetermined sheet
moisture content. By this means, when a sudden
reduction in moisture load has occurred, over-
heating of the drying machine is prevented and
the damage resulting therefrom to the sheet when
again instroduced to the machine is avoided.

Drying machines of the type referred to com-
prise a plurality of heating elements, usually in
the form of rotating drums or rolls, commoniy
rranged in one or more main drying sections,
over which the material passes from the so-called
wet end to the dry end of the machine, it being
understood thab the material being dried by ma-
chines of this type may be in the form of solid
sheets such as paper, felf, cloth or the like, or
may consist of sheets in the form of strands as,
for example, are commonly termed the warp in
the manufacture of cloth. And the control
mechanism to which this invention relates is
adapted to govern the heat input to a drying roll
or roils in one or more main drying sections to
reduce the moisture content of the sheet material
passing through the machine to a predetermined
value. More particularly this invention relates
to that type of sheet drying control mechanism
wherein one or more drying rolls associated with
a main drying roil section are used to reflect or
incdicate changes in sheet moisture, to whie
<changsas the mechanism embodying this invention
responds and varies the heat input, as for ex-
ample steam, to a main section of drying rolls
as required to maintain the desired moisture con-
tent in the sheet as it leaves the machine. In
contrels of this type it is customary to supply
steam to the indicating roll or roils independently
of the steam supplied to the main drying roll
section, and hy responding o changes in the rate
of condensation of steam in an indicating rcil,
cceasioned by changes in the moisture content
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of the sheet passing over the roll, the flow of
steam to the main drying rell section is varied
for the purpose of retaining the desired sheet
moisture content. And the mechanism herein
shown and described functions together with
control mechanism of the afore-mentioned type
%0 decrease the heat input to the machine when
2 hreak in sheet material occurs and thereafter
to control the said heat input at a suitable value
so that either overheating or underheating of the
material is prevented and the damage resulting
therefrom avoided when the material is again
introduced to the machine, at which iime the
heat input is again raised to such value as is re-
quired to maintain a selected sheet moisture con-
tent.

A preferred form of conirol mechanism em-~
bodying this invention is herein shown and de-
seribed, wherein a constant steam input is main-
tained to an indicating roll and changes in the
rate of steam condensation in the said roll are
measured by changes in roll pressure or tempera-
ture, thereby reflecting changes in sheet mois-
ture, such mechanism being generally similar to
that shown and described in a copending applica-
tion for United States Letters Patent filed Ccto-
ber 10, 1951 under Serial Mo. 250,706, of which
I am a co-inventor. And a modified form of
control mechanism embodying this invention is
also shown and described, wherein changes in
the rate of steam condensation in the indicating
roll are measured by changes in the rate of flow
of steam to said roll.

It is an object of this invention to provide an
improvement in control mechanism for maintain-
ing the moisture of sheet matlerial passing
through a drying machine 2t a substantially con-
stant value, including means for maintsining the
temperature of the machine at a suilable value
during a pericd when no material is passing
therethrough, thereby preventing the sheet from
hecoming overheated or underheated and dam-
aged when it is again passed through the ma-
chine.

t is an object of this invention to provide an
improved control mechanism which responds to
changss in moisture in a sheet ¢f material pass-
ing over one or more drying machine rolls having
2 separate steam supply from that which supplies
the main drying section of the machine for the
purpose of varying the hest input to the said
main drying section and thereby maintaining a
predetermined sheet moisture content, in combi-
nation with automatic means which function with
the aforesaid mechanism to reduce the heat input
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to the machine when a break in sheet material
oceurs to maintain the said heat input at a suit-
able value to prevent damage to the sheet ma-
terial when again introduced to the machine, and
thereafter te refturn the heat input to such value
ag may be required to provide a selected sheet
moisture content.

It is an object of this invention to provide a
first means for governing the input of heat to a
main drying section of a sheet moisture drying
machine, g second means for measuring the rate
of condensation of steam supplied to & sheet
moisture indicating section of said machine for
varying the value of the heat input governed by
said first means, and a third means functioning
with said second means to reduce the said heat
input to a predetermined value when a break in
sheet material occurs and the material is off the
machine, to prevent overdrying or underdrying
of the material when again introduced thersto,
and thereafter to increase the heat input to such
value as may he required to again maintain a
selected sheet moisture content.

While there is herein shown and described a
preferred form of control mechanism wherein a
controlier which governs the steam input to a
main drying roll section of a sheet material dry-
ing machine is responsive to roll pressure, it will
bhe understood by thoese skilled in the art that
ths said heat input may also be governed by a
controller responsive to roll temperature in said
section or to the rate of flow of steam to the rolls
of said gection; and it will be further understocd
that while there is herein shown and described
a preferred form of control mechanism includ-
ing means responsive to changes in steam pres-
sure in a2 sample roll having an independent
constant steam input for the purpose of indicat-
ing changes in moisture in sheet material pass-

ing over the roll, as indicated in modified views ¢

such means may be responsive to roll tempera-
ture if desired, since changes in sheet moisture
are reflected by both pressure and temperature.
And it will be again understood that while in one
embodiment of this invention there is shown and
described a simple form of means for switching
the control from on-moisture load to off-mois-
ture load, various well-known means may be
emplcyed without departing from the spirit of
this invention. Further objects and advantages
of the invention will be apparent from the fol-
lowing description when taken in connection
with the accompanying drawings in which—

Tig, 1 is a diagrammatic view, partly in per-
spective, of a control mechanism embodying this
invention as applied to a paper drying machine:

Fig. 2 shows, in perspective, a modified con-
struction of part of the mechanism shown in
Fig. 1;

Fig, 3 shows, in end elevation and enlarged, a
modified consiruction of the mechanism shown
in Fig. 2;

Fig. 4 is an enlarged view, in section, of a
portionn of the mechanism, the parts being in
the reverse position from that shown in Fig. 1;
and

Fig. & is & diagrammatic view of a modification
of the construction shown in Fig. 1. )

Having reference to the drawings and particu-
larly to Fig. 1, there is illustrated a portion of a
drying roll section, generally indicated at §, of a
paper drying machine. The section 8 includes a
plurality of rolls {0 which are connected in the
usual manner by pipes {1 with 2 main steam

header 2, supplied from a source not shown, by
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a conduit {3, and are also connected by means
of condensate pickup pipes, not illustrated, and
pipes {4 with a condensate conduit {5 leading to
2 separator, also not shown. The drying rolls
{3 are rotated in unison by means not illustrated,
and are engaged by a paper sheet 1§ which
passes over and under the rolls in the direction
indicated by the arrow from the wet end to the
dry end of the machine all as shown, the usual
felt being omitted to simplify this description.

While there is herein illustrated a plurality of
drying rolls 10 forming part of a drying roll sec~
tion, it will be understood by those skilled in the
are that the drying roll section may consist of
one large roll, such as that employed in a Yan-
kee Drier commonly used for drying light tissue,
or may comprise any. other form of drying means
suitable to the particular type of sheet material
being processed.

Means for governing the flow of steam to the
rolls 40 to provide the temperature required to
reduce the sheast moisture content to a predeter-
mined value as the sheet leaves the machine is
herein iliustrated as a pressure controller, gen-
erally indicated at 20, which functions in con-
nection with a motor valve 21 to vary the flow
of steam through the supply conduit {3 as re-
quired to provide a selected sheet moisture con-
tent. The controller 20 may be of any well-
known construction and for the purpose of this
description, is shown diagrammatically in sim-
plified form. It includes a spiral Bourdon coil
22, a control couple consisting of a nozzle 23
and flapper 24, a pneumatic proportioning device
25 and a pneumatic control point reset device
25. While the controller is shown without a
hooster pilot for speeding up the motor valve
action and without a reset bellows or its equiva-
lent for eliminating so-called drift, it will be
understood that either or both of these devices
may be empleyed if desired.

The Bourdon coil 22 is mounted with cne end
secured to a circular kack plate 21 which in turn
is rotatably mounted on the controller back
plate indicated at 27.. The spiral coil is pro-
vided with a central shaft 28 journalled in the
plate 27 at its inner end and at its outer end in
an arm 29 which extends radially over the coil
and is rigidly attached to the said plate 27. A
motion transmitting arm 30 is secured to the
shaft 2a& which in turn is in operative connec-
tion with the free end of the coil. The fixed end
31 of the coil communicates with a flexible tube
32 which, as herein shown, connects with the
header (2, the parts being arranged so that on
an increase of pressure in the header, the coil
unwinds turning the arm 30 clockwise, and on
a decrease in header pressure, the opposite
cceurs. .

The proportioning device 25 actuates one end
of the flapper 24 which coacts with the nozzle
23 to vary the operating pressure in the system.
Air or an equivalent fluid, preferably under reg-
ulated pressure, is supplied to the nozzle 23,
from a source not shown, through pipes 33 and
34, the former having a restriction 35 of less
capacity than that of the nozzle orifice so that
the nozzle pressure is governed by the relative
position of the flapper in respect to the nozzle.
The proportioning device 25 includes a bellows
38 having a fixed mounting 37 to which one end
of the bellows is connected, the interior of the
bellows being in communication with pipes 33
and 34 by means of a pipe 38. Secured to the
free end 39 of the bellows is a post 40 which is
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also attached to a disc 41, an expansion spring
42 being confined between the disc and a fixed
member 83 so that the end of the flapper 24,
which is pivotally connected to the post at 44,
assumes a position which is proportional to the
fluid pressure in the bellows 36, the overall bel-
lows movement being determined by the rate
selected for the spring 42. The other end of the
flapper 24 is engaged at 45 by one end of a lever
£6 pivotally at 46! on a post 47 forming part of
the control point reset device 26 to be described.
The other end of the lever 46 is engaged by the
free end of the coil arm 38 and the parts are so
arranged that an increase in fluid pressure in
the steam header 12 causes the coil to unwind
and turn the arm 30 clockwise, thereby moving
the flapper 24 away from the nozzle 23. This
movement results in a decrease in pressure in
the proportioning bellows 36 causing the bellows
to contract and return the flapper to a throttling
relation with the nozzle at a lower pressure,
which pressure is proportional to the increase
in steam pressure in the header i2. On a de-
erease in pressure in the header 12, the opposite
oceurs.

The motor valve 21, of the fluid pressure
operated type and of any usual construction,
is mounted in the steam conduit 13 by which
the header i2 is supplied. As herein shown the
valve 21 is of the reverse acting type. It has &
valve member 49 connected with a stem 53 which
is actuated by a diaphragm §1{ defining one wall
of g fluid pressure operating chamber 52, the
pressure in which is opposed by a spring §3. The
diaphragm chamber 52 is connected with the
controller piping 33 and 34 by means of a pipe
34!, the valve parts being arranged so that the
valve member 48 moves toward closed position
on a decrease in operating pressure. Thus when

the pressure in the steam header 12 increases or ¢

decreases, the pressure in the nozzle 22 decreases
or increases respectively in proportion thereto,
thereby providing a proportional throttling ac-
tion to the valve, and varying the flow of steam
to the header {2 in a direction to return the pres-
sure in the drying rolis §8 to a set value.

It wil! be understood by those skilled in the
art that the pressure at which the controller is
set depends on the initial position assumed by
the flapper in relation to the nozzle and that this
in turn depends both on the radial position as-
sumed by the coil arm 38 at a selected pressure
in the header 12 and on the vertical position of
the pivotal connection £6! between the lever 4§
and post &7 of the pneumatic reset device 26.

Suitable means for manually adjusting the
radial position of the coil arm 32 is in the form
of a hand operated gear 54 which meshes with
a toothed section 5% on the plate 27, the pipe
32 being provided with a flexible portion 58§ to
permit the coil 1o be rotated by the gear to any
selected position within the range of control
setting adjustment. When the coil is rotated
counterclockwise the pressure setting is raised
and vice versa. The manual control point seb-
ting device just deseribed functions in connestion
with the pneumatic control point resetting de-
vice 26 in a manner to be hereinafter set forth.

Means for adjusting the initial sensitivity of
the controller may be in the form of a rack &1
on which the nezzle 23 is mounted, movement
toward the connection 45 hetween the flapper 24
and the lever 46 provides greater sensitivity and
vice versa. To permit of this adjustment, the
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of the flapper in respect thereto.
which a three-way valve {35 is mounted, serves

6
pipe 84 is provided with a flexible portion as
indicated at 58.

The apparatus just described iliustrates a sim-
ple form of control mechanism for governing the
valve 21 to maintain a set pressure in the header
12 and functions with apparatus to be described
to vary the pressure sefting angd thereby the roll
temperature as required to maintain the moisture
content of the sheet as it leaves the machine
at a selected value. And it will be understcod
that while there is shown a pressure controller
by way of illustration, a temperature or rate of
flow controller may be equally well utilized, the
chject being to provide a roll temperature such
as may be required for the purpose.

In the form of control apparatus shown in Fig.
1 means are provided for responding o minute
changes in sheet moisture by maintaining g con-
stant rate of steam input into a moisture indicat-
ing roll secticn, herein shown as a roll 80, and
responding to pressure or temperature changes
in the said roli or to temperature changes at the
roll surface. For this purpose, the roll §8 is pro-
vided with a separate steam supply through a
conduit §!{ from a source not shown, and with
means for removing the condensate as by an
internally mounted condensate pickup pipe, alse
not shown, which connects with a condensate
discharge pipe 82 having a steam trap §3 which
in turn communicates with & discharge conduit
§4. Steam flow through the supply conduit &4
is maintained at a constant selected rate hy
means cf a rate of fdow controiler, generally in-
dicated at 88, which functions with a motor valve
88 for this purpose. The rate of flow controller
§5 may be of any suitable construction and as
herein shown comgprises the usual mercuyy ma-
nometer §7 suitably filled with mercury 5% and
having g connection §§ upstream of an orifice
10 in the conduit 61 and a connection ¢ down-
stream of said orifice. A float 72, pivetally con-
nected at i3 to one end of a lever 74 having a
pivotal mounting 73 in the manometer casiung,
serves to rotate the lever about the pivotal mount-
ing on a basis which is substantially proportional
to changes in the pressure differential acress the
orifice 78 and therefore to changes in the rate of
steam flow. The other end of the lever 74 has a
pivotal connection with a flapper cperating arm
18, a locking member 77 being provided for clamp-~
ing the arm in any rotary position desired. The
free end of the arm 76 engages one end ¢f a fap-
per 18 pivotally connected at 79 to a post 8§ of &
proporticning device & similar in construction
to that described in connection with the pressure
controller 22. The fapper 78 cooperates with
2 nozzle 82 which receives g regulated pressure
supply of operating fluid through pipes 83 and
84 from a source not shown, the latter pipe hav-
ing the usual restriction 88 so that the pressure
in the nozzle is governed by the relative positicn
A pipe 88, in

to communicate the nozzie with the diaphragm
chamber 87 of the motor valve 88 which is of
the reverse acting type and is of similar construc-
tion to the motor valve 24 mountied in the steam
conduit 13 supsnlying the main drying roll section
9. A second pipe 88 connects the nozzle with
the bellows 88 of the proporticning deviee 4
which provides a proporticning action as gov-
erned by the rate of a spring 8% in the sams man-
ner as the proportioning device 25 referrsd to
above. In operation, an increase in flow through
the orifice 78 creates a propertional increase in
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differential pressure across the orifice. As this
ceurs the flcat 72 moves down with the level of
supporting mercury, rotates the lever 74 counter-
clockwise and moves the flapper 1§ away irom
the nozzle 82 to decrease the nogzle pressure.
Thereupon the proportioning bellows 83 contracts
and returns the flapper to a throttling relation
at a reduced nozzle pressure. The motor valve
68 throttles the steam fiow to the roll 68 to main-
tain the pressure drop across the orifice and
thereifore the rate of fiow at a substantially cen-
stant value as determined by the control setting.
The centrol setting is determined by the initial
position of the flapper 18 in respect to the nozzle
f2 and as herein illustrated the setiing may be
varied by locking the operating arm 7§ at any
desired angle to the float operated lever 14,

It is important that a constant rate of flow
he accurately maintained since changes in flow
introduce errors in the response of the master
controlier to be described and there is therefore
preferably provided means for maintaining a
constant pressure upstream of the orifice i@,
thereby restricting any tendency of the pres-
sure to change to that portion of the conduit
81 which is downstream of the said orifice. For
this purpose a reducing regulator 88 of any usual
construction may be employed. The regulator
shown is of the direct acting type and is gen-
erally similar in construction to the valves 2!
and 65. It is mounted in the conduit 6{ up-
stream of the orifice 79 and has a diaphragm
chamber 9{ which is connected with the con-
duit on the downstream side of the valve by
means of a pipe 92. The pressure in the dia-
phragm chamber 9f is opposed by a spring 83
which may be tensioned to provide a selected re-
duced pressure on the upstream side of the ori-
fice 10, and since an increase of pressure tends
to close the valve and a decrease in pressure tends
to open it, the valve functions fo maintain &
substantially constant pressure upstream of the
orifice. :

As shown in Fig. 1, the indicating roll 68 is in
contact with the paper sheet 1§ as it leaves the
main drying roll section 8, and since the roll
is provided with a constant steam input, prefer-
ably but not necessarily, at a relatively low pres-
sure, for example 6 p. s. i., changes in sheet mois-
ture affect the rate of steam condensation in
the roll and have a relatively large proportional
effect on roll temperature. And the control ap-
paratus shown in Fig. 1 responds to these rela-
tively wide changes in roll temperature by re-
sponding to correspondingly relatively wide
changes in roll pressure, although as shown in
Figs. 2 and 3, response may be made to inter-
nal roll temperature or to the surface temper-
ature of the roll.

Referring again to Fig. 1, a master controller,
generally indicated at 85, which also may be
of any well-known construction, is employed to
respond to roll pressure changes and to provide
an output pressure proportional thereto. The
master controller includes & spiral coil 86, hav-
ing a flapper actuating arm 87, and a manusl
control reset mechanism generally indicated at
88 both of which may be similar to the coil 22
and manual reset 54—27 described in connec-
tion with the pressure confroller 20. The mas-
ter controller also has a proportioning device
128 of similar construction to the proportioning
device 25, shown in connection with the con-
troller 20, together with a flapper 101 which is
positioned by the coil arm 97 and proportioning
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device 100 In respect to a nozzle {82. Since the
nozzle 102 is herein shown as being mounted
above the flapper 101, the bellows (83 and spring
{64 are in the reverse position from that shown
in the controller proportioning device 25. A
sensitive adjustment 105 likewise similar to that
in the controller 28, is alse provided. The fixed
end of the coil 96 communicates with the steam
conduit 61 by means of a pipe 99 at a point be-
tween the valve 66 and the roll 60, preferably
adjacent the roll in order that it may accurately
reflect changes in roll pressure. The controller
nozzle 162 is connected with a regulated pres-
sure supply of fluid from a source not shown
through a pipe 188 having g restriction 87 of
less capacity than that of the nogzzle, pipe (06
being connected with a pipe 105! which com-
municates with the nozzle. A connection (08
between the pipe (06! and proportioning bel-
lows 183 serves to communicate the nozzle pres-
sure to the interior of the hellows (03 in the
usual manner. It will be understood that a de-
crease of pressure in the rcll €0 and therefore
in the coil 86 causes the coil to wind uyp, thereby
turning the arm 87 counterclockwise and mov-
ing the flapper 10t towards the nozzle 102 to
increase the nozzle pressure. 'The resulting ex-
pansion of the bellows (93 moves the flapper
away from the nozzle and returns the parts to a
throttling relaticn tc provide an increase in the
nozzle pressure in the pipe {681, or in other words
an increase in the master controller output pres-
sure, on & basis which is proportional to the
decrease in roll pressure. And since g relative-
ly wide propertional change in roll pressure re-
sults from a relatively small change in sheet
moisture, the master controller is sensitive to
slight moisture changes and provides relatively
large proportional changes in the output pres-
sure, which changes may be utilized to govern
the pressure in the rolls (9, preferably hy re-
setting the control point of the pressure control
instrument 20.

The control point resetting device 26 has 2
bellows 113 having a fixed mount lif{ through
which the intferior of the bellows iz connected
with the master controller output pressure pipe
{661 by means of a pipe {12, The post 41 on
which the lever 46 is pivotally mounted as here-
inabove described, is secured to the free end 113
of the bellows and to a disc (14 hetween which
and a fixed member (15 an expansion spring
t16 is confined. Since the vertical position of
the pivot 48! determines the control setting of
the controller 20 in respect to the setting estab-
lished by the rotary position of the coil arm
30 as provided by the manually operated gear
54, the bellows (18 functions to vary the control
above and below the value established by the
manual set mechanism on g basis which is in~
versely proportional to changes in rell pressure.
Thus when the sheet moisture increases, a rela-
tively wide drop in roll pressure occurs, thereby
providing a relatively large proportional in-
crease in the output pressure in the bellows ¢ 10.
This increase in output pressure expands the
bellows (I8 proportionally thereto and corre-
spondingly loewers the pivot 46! by an amount

ctermined by the rate selected for the spring
ti6. Thus the lever 46 is rotated clockwise in
accordance with the movement of the pivot 461,
thereby positioning the flapper 24 nearer to the
nozzle 23 and raising proportionally the pres-
sure setting. And it will be understcod that
when a decrease in sheet moisture occurs a
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proportional decrease in master controller out-
put pressure takes place and thereby the pres-
sure setting of the controller is lowered propor-
tionally to the decrease in meisture content.

In crder to record changes in sheet moisture
and in the pressure in the roll 89, there is pro-
vided a recorder, diagrammatically shown at
{15, which may be of any usual construction and
is preferably of the two-pen type. One pen,
indicated at {18!, is responsive to changes in in-
dicating roll pressure as reflected in pipe 89 to
which a Bourdon coil, not shown, by which the
pen is operated, is connected by means of a pipe
i17. The other pen {18 is operated by a Bourdon
¢oil, also not shown, which connects with the out-
put pressure pipe {12 through a pipe {8, By
means of a double range chart (29, rotated in
the usual manner by 2 clock not shown, and
representing both pressure and sheet moisture
deviation, the roll pressure is directly recorded
by the pen {16, and changes in sheet moisture
gre indirectly recorded through changes in the
master controller output pressure by pen {i8,
which last mentioned changes are proportional
to changes in the roll pressure and thereiore to
changes in sheet moisture content.

Fig. 2 illustrates an alternate construction
wherein the transmitter coil 98 responds to the
internal temperature of the roll §8 instead of to
the roll pressure as shown in Fig. 1. The roll
69 to which the steam supply pipe §f and con-
densate discharge pipe 62 are connected as shown
in Fig. 1, is provided with a temperature bulb
125 having the usual capillary tubing 12§ which
connects with the fixed end of the coil 96, thereby
providing a sealed thermal system which may be
filled with a suitable expansible fluid. The bulb
125 extends into the interior of the roll 88 and
is sensitive to changes of temperature therein.

The operation of the master controller 95 is
substantially identical fo that described in Fig.
1, wherein the master controller responds to
changes in the roll pressure. Since the tempsera-
ture in the roll 68 varies with the pressure when
a change in sheet moisture ocecurs, the same rela-
tively wide band of indication is provided. Thus
the device functions in the same way as the
pressure response shown in Fig. 1 since the coil
96 responds to changes in thermal system pres-
sure which is substantially the equivalent to
changes in roll pressure.

In Pig. 3 there is shown a means for respond-
ing to changes in the surface temperature of that
portion of the cylindrical surface ef the roll $§
which is engaged by the sheet 8, the roll 63 be~
ing connected with the steam inlet conduit &1
and the discharge pipe 62 as hereinabove de-
scribed. For this purpose a surface tempera-
ture measuring device {38 of any well-known
suitable construction is employed, preferably a
measuring device of the type shown and described
in the application for United States Letiers Pat-
ent of Andrew E. Benneit and Daniel S, Brown,
filed Pebruary 16, 1951, under Ser. No. 211,336.
The measuring device {30 may be mounted on &
stand 134 at the cylindrical surface of the roll
89 and at a selected position cn that portion of
the surface which is engaged by the paper sheet.
A capillary tube {26! which corresponds to the
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tube 126 in Fig. 2 is connected to a bulb 27 in

the measuring device 138, a suitable expansible
fluid being employed to vary the fluid pressure in
the coil 86 in response to changes in the roll sur-
face temperature.

75
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In the operation of the device, the master con-
troller 95 functions in the same way as already
described. Since 2 constant steam input is sup-
plied to the roll 86, a change in sheet moisture
results in a relatively wide change not only in the
internal temperature and pressure in the roll,
but in the temperature of that portion of the
roil surface which is engaged by the paper sheet.
This will be evident when it is noted that the
change in sheet moisture initiaily effects a rela-
tively wide chm}g\, in the surface temperaturs
of that portion of the roll engaged by the sheet
since the quantity of steam supplied to the roll
is not varied in a direction to counteract the
1n01stme change. And it is equally clear that
the relat*ve;y wide change in roll surface tem-~
perature effects & substantmlly corresponding
change in rolt pressure and internal temperature.
Thus as in the construction shown in Figs. 1 and
2, a relatively wide band of indication is pro-
vided, whereby the mas’cer controller is respon-
sive to slight changes m sheet moisture and func-
tions immedlatelj to reset proportionally the
control setting of the instrument 28 to vary the
heat input to the drying roil section 9 and main-
tain the sheet moisture content substantially at
2 selected value.

While the control mechanism hereinabove de-
scribed funculons to maintain the shset moisture
contenu to wi hm extremely close limits, it has
been lound necessary when a break in the shest
{8 occurs and the sheet runs off of the machins,
for the operatm to manually reset the contlol
mechanism to such lower pressure as is required
to prevent overheating durmg the period when
the paper sheet is not passing through the ma-~
chine and thereby ove1heatmg a considerahle
portion of the sheet when it is again introduced
to the machine. And the mechanism to be de-
scribed functmns with the control mechanism
set forth above to change the control from a con-
dition under which the d1y1”1g machine is op-
erating under a shest moisture load to & con-
dition undex whmh the machine is operating
Wlthout the sheet moisture 10ad and thereafter
to return the control settmg to the value re-
quired to prov1d\. the proper moisture content
when t‘le sheet is Jgam passed through the ma-
ch1n° For this purpose ’rhe solenoid valve (35
is rpounted in the output pressure line 88 from
the controllel 65 t0 the diaphragm chamber §7
of thc- control valv\, 65 The valve 135 is of the
three-way solenoid operated type and maybe of
any well-known censtruction. As herein illus-
trated it comprises a body having connections
126 and {37 which connect with pipe 38 and a
third connection {38 which connects with the
output pressure line 186! of the controller §5 by
means of a pipe {38, Within the valve body a
double seated valve member {40 cooperates with
oppositely disposed ports i#1 and {42 and is con-
nected by means of a stem {43 to a core {44 which
together with a coil 143 constitules a solenoid
generally mdh,efed at 148 for actuating the vaive
member, The parts are arranged so that when
the solenoid is dee wrgized by means o be d°
scribed the port 147 is closed and the port 41 i
open to connect the output pressure line &8 wlL
the diaphragm valve 87 of the valve §8. On the
other hand when the solenocid {48 iz energized
the valve member (48 closes the port §4i and
opens the port {42, Where_by the output pressure
1881 from the controller 93 is connected
thr oucrh the pive 139 with that portion of the
bipe 88 Whlcn leads from the three-way valve
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to the diaphragm chamber 8T of the said valve
66. Means for energizing the solencid (4§ is
in the form of an electric gap switch as herein
shown, generally indicated at 158, but it will be
understood by those skilled in the art that any
other well-known form of device may be used
for this purpose whether electrically, pneumat-
ically or hydraulically operated.

The gap switch 150 is provided with a mercury
tube 151 which is secured by means of clips (32
(see particularly Fig. 4) tc an operating member
153 having a support {54 pivoted at {55 on an
upright 156 secured to a cover 157 with which a
bellows casing (58 is provided. The tube {5}
has the usual globule of mercury t%9 and is so-
arranged that when tilted clockwise past its hori-
zontal position as viewed in Pig. 4 the mercury
globule will flow to the right to the position
shown, and when tilted counterclockwise past its
horizontal position, the mercury will flow to the
left to the position shown in Fig. 1. A pair of
conductors {68 having contacts 161 within the
tube {8 together with the coil 145 surrounding
the solenoid core 144 form part of a circuit
whereby the solenoid may be energized from a
source of electric current not shown when the
contacts 16! are surrounded by the mercury {53.

Means for tilting the tube (51 is in the form
of a hellows 162 disposed within the casing 58
and sealed to the cover 157 to provide a pressure
chamber 163 externally of the hellows. Within
bellows 162 is a compression spring (64 which
is confined between the cover {57 and the free
end {65 of the hellows. The casing 158 is pro-
vided with a connection 166 into which a pipe
{67 is threaded and communicates with the out-
put pressure line 133 of the master controller
95. A rod (68, threaded at its outer end as in-
dicated at 169, extends through an opening in the
cover 157 and is attached at its inner end to a
plate (10 which in {turn is secured to the inner
face of the free end {85 of the bellows. A pair
of nuts {171 and 1712 and leck nuts (13 are
threaded on rod 168 and are suitably positioned
and spaced so that the operating member 133,
which extends into the spacing between the
nuts, will be tilted clockwise by the nut {1t past
its horizontal position at a selected low pres-
sure in the chamber {63, and will be tilted coun-
terclockwise by the nut 172 past its horizontal
position at a selected high pressure in the said
chamber, the pivotal connection 155 being pref-
erably provided with sufficient friction, as by a
friction washer {851, to hold the tube {51 at the
tilted position to which it has been actuated
by the nuts {71 and {72,

In operation, assuming that the output pres-
sure from the controller 95 has an operating
range from 3 p. s. i. to 15 p. s. i, the spring (64
being tensioned to provide a predetermined
movement to the bellows (82 over this range of
pressure change, and assuming further that a
relatively high output pressure obtains so that
the tube 151 is tilted to the position shown in
Fig. 1, wherein the electric circuit is broken and
the solenoid 146 is deenergized, the nut (T{ may
be positioned so that when the output pres-
sure drops to 3 p. s. i. the nut 171 has moved
down to a position to tilt the tube 151 clockwise
past its horizontal position to the position shown
in Pig. 4. When this occurs, the mercury 153
flows to the right, thereby completing the elec-
tric circuit. The nut 172 may also be positioned
on the rod 168 so that when the pressure in-
creases from 3 p. s. i. to a predetermined value,
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-an increase in roll pressure takes place.

12 .
for example, 9 p. s. i., the nut 172 will be raised
to a positicn to tilt the tube (51 counterclock-
wise past its horizontal position, whereup on
the mercury will flow to the left and break the
electric circuit. Thus under the condition as-
sumed, if the output pressure has been in ex-
cess of 9 p. s. 1. the solenoid will deenergize un-
til the pressure drops to 3 p. s. i. and thereafter
the solenoid will remain energized until the out-

3 put pressure has again risen to 9 p. s. i.

In describing the operation of the control
mechanism shown in Fig. 1, it may be assumed
that the paper sheet (5 is passing through the
machine, that the pressure controller 20 is set
to maintain a steam pressure on the rolls 16 of
25 p. s. 1., that the valve 98 is set to maintain a
steam pressure of 20 p. s. i. upstream of the ori-
fice 18, and that the rate of flow controller 65
is set to maintain a constant steam input to
the indicating roll 60 of 400 pounds per hour.
Under these conditions and assurning that the
output pressure range of the controllers is from
3 p. s. 1. to 15 p. 8. i. and that the steam pressure
obhtaining in the indicating roll 60 is approxi-

n

5 mately 8 p. s. 1., the master controller 95 may

have its proportioning band adjusted, for ex-
ample, to previde an output pressure of 15 p. s. i.
when the indicating roll pressure is at 5 p. s. i
and an output pressure of 3 p. s. 1 when the roll
pressure is at 7 p. s.i. Thus when the roll pres-
sure is at 6 p. s. i. the output pressure of the
master controller 95 will be at the midpoint of
its range, namely 9 p. s. i.,, and the pneumatic
set 26 in the pressure controller 20 will be at the
midpoint in its range, namely, at the 25 p. s. i.
pressure setting provided for the main drying
section rolls (6 by the manually operated gear
84. Again under these conditions the solenoid
146 of the valve i35 will be decnergized and the
rate of flow controller 65 will be governing the
steam valve 66 to maintain a constant rate of
flow through the orifice 10 of 400 pounds per
hour. Also under these conditions changes in
sheet moisture will be immediately reflected by
changes in steam pressure in thes roll 69, and
the pneumatic set mechanism 26 of the pressure
controller 20 will be varied by the master con-
troller around the manual set point in propor-
tional relation to changes in sheet moisture to
vary the steam pressure in the main drying sec-
ticn and thereby to maintain the indicating roll
pressure at substantially 6 p. s. i. I have found
that under the usual operating conditions when
the proportioning band of the master controller
95 is set to provide a change in output pres-
sure from 3 p. s. i. to 15 p. 5. i. on an indicating
roll pressure change of plus or minus 1 p.s.i. from
6 p. s. i, a portion only of the output pressure
operating range is required to maintain the in-
dicating roll pressure well within the aforesaid
pressure limits.

Let it be assumed that a brealr in the paper
sheet 15 occurs, that the sheet has left the rolls
and that for this reason the major portion of
the moisture load to which the machine has been
subjected is suddenly removed. When this oc-
curs, the rate of condensation in the indicating
roll €2 is immediately reduced, and since a con-
stant steam input of 400 pounds per hour is being
fed to the roll as governed by the controller 65,
When
the steam pressure increases to 7 p. s. i, the out-
put pressure in the master controller 25 decreases
to 3 p. s. i, at which pressure the gap switeh 150
completes the circuit through the conductors (60
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to energize the solenoid of the valve 135, The
valve member {49 is therefore raised to open the
port 122 and close the port 141, whereby the out-
put pressure from the controller 65 is cut off
from the diaphragm chamber 87 of the steam
valve and the output pressure from the master
controller &5 is counected thereto. Since the
oubput pressure of the master controller §5 is at 3
p. s. 1. at this tims, the steam valve 686 will im-
mediately be sctuated towards c¢losed position
and the stream pressure in the pipe 5 below the
orifice 78 will be immediately increased to the
pressure of 20 p. s. 1. maintained by the valve 8%,
Thus the rate of flow controller 65 will be ren-
dered ineffective and the master controller 88
will continue to govern the valve 86 until its out-
put pressure again reaches 9 p. 8. 1. And since
the master controller 95 is set to maintain a prés-
surs of § D. s. i. on the said roll and the steam
flow now required to maintail this pressure is
relatively small, being just enough to take care
of the condensation caused by the heat transfer
occasioned by a felt when employed and herein
not shewn, and by the atmosphere, the outpub
pressure in the master controller will he just
enough above the pressure of 3 p. 8. i for the
purpose and wiil be well below the mid pressure
of @ p.s.i. Therefore the solenoid valve {35 will
remain energized and the steam valve 88 will con-
tihue to be governed by the master controller £5.

In the meantime the drop in output pressure of
the master controller will also function to actu-
ate the pneumatic set 26 of the pressure controller
20 o the low end of its pressure range. Cn the

assumption that the range is adjusted to be on a -

100% basis, the controller will immediately be
reset at 2 point to clese the steam valve 21 until
the excess heat in the rolls has been removed by
condensation resulting from the transfer of heat
occasioned by atmospherie conditions and, when
a felt is employed, by the moisture content of the
felt. After the excess heat has thus keen re-
moved, the continued transfer of heat causes the
pressure in the indieating roll to drop below 7
p. s. 1., thereby increasing the output pressure of
the master controller 85 suficiently to open the
valves 85 and 21 and provide the proper amount
of heat to meet the aforesaid conditions. Thére-
after the control will continue to function in this
manner until the sheet is again passed through
the machine. When this occurs, as the moist
sneeét passes over the indicgting roll 68, the steam
condenses more rapidly and the pressure starts to
drop to the setting of § p. s. i. The outpub pres-
sure from the master controller 85 thereupon in-
creases from its former préssure, and when the
pressure reaches § p. 8. i, the solenoid valve is
again deenergized. Thus the master controiier is
cut off from the chamber 37 of the valve 88 and
ths valve is again governed hy the rate of fAow
controller 85, By this means @ coanstant steam
input to the indicating roll of 400 pounds per
hour is again provided and the pneumatic set
mechanism 28 of the pressure controller again
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varies the pressure setting on the main drying

section arcund the manual set point of 25 p. 5. L
Referring to Fig. &, there is shown & modified
arrangement wherein the apparatus embodyin
this invention is illustrated as applied to sheet
moisture control mechanism of the type which
varies the control setting of a controller for vary-
ing the heat value to a main drying section of
the machine by responding to changes in the rate
of flow of steam to the indicating drying section.
In this arrangement the préssure controlier 20
is of sirnilar construction to that shoWn i Fig, 1.
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It comprises the splial ¢oil 22, the proportioning
device 25, the nozzle and flapper 28--24, and the
pneumatic réset mechanisim 2§. The controller
78 functions together with the valve 21 fo maiii~
tain a seb pressure in thé header 2 ag provided
by the manual set mechanism 54—27 and by the
reset mechanism 28 in & manner to be described.

Means for resetting the contiol point of the
controller 28 in response t6 changes in the Fate
of steam condensation ifi the ifdicafing roll 69
is in the form of the raté of flow idéasuring in-
strument 6% wheréin the parts are shown in the
reverse position from that illustrated ifl Fig. 1.
This includes the Hiercéiry mdinometdtr 57 siit-
ably filled with meércury 88 Supporting the flost
12 which is in operative donnéétion with the fdap-
per ¥§ by means of theé leveF 18 Thé flapper 73
is pivobally coniiected at 79 {6 thié propsrtienii
device 8¢ and cooperatés Wwith thé nozzle 82 Wliich
TecelVas a régulated fluid Dréssuiée threuzh the
restriction 8% i a Pips 84 Which in turn éonneets
with the nozzlé liné 83 and with thé pipe §8 comt-
municating with thé ifiterior of the bellows 8%
of the proportioning device 8{. The madneineter
67 is connected with thé conduit 64 leading to
the indicating roll 8§ by mearis of the pipes §9
and 71, but in this édse thé pipé §9 is connected
with the conduit §{ deownstiéam of the orifice
18 dand the pips 1{ is connieeted with the conduit
upstream of thé gaid orifice; Thus the action of
the instrument 65 is véversed from thai shown
in Fig. 1. An inciease ig flow il the conduit §i
provides a propotrtiongl increase ih the pressure
drop across the orifice 79, thereby raising the float
12 and moving the fappér 78 towards the nozzle
82 1o provide a proportional increase in output
pressure in the line 88. On the other hand, a
veduction in flow in thé eonduit 61 decreases the
pressure drop across the orifice 7§, théreby caus-
ing the float T2 to move down and raise the flap-

‘per I8, whereby a proportionsl reduction in oul-

put pressure in the line 83 occurs. The oubput
pressure ling 83 communicatés Wwith the interior
of tlie ocutput pressure béllows 110 of the pueu-
matic resét device 26 by means of a pipe 289
which includes the solenoid operated three-way
vaive 185 of similar construetion: to the valve-
heretofore deseribed, and normally providing a.
Dassage for fiuid through theé pipe ¢88: The con-
duiv 8i is provided with the reducing valve 80
which maintaing & counstant steam pressure up-
stream of the orifice T2, and is also provided
downsiteam of said crifice with the valive 8§, to be
governed in a manner to be described.

111 operation, an increase in moisture in the
sheet passing over the roll 3 causes a propor-
tional increase in the rate of steam condensa-
tion in the said roil; therehy resulting in an in-
crease in the rate of flow through the orifice 18.
The increase in flow creates an increased pres-
sure drop across the orifice, thereby raising the
float 12 and providing & proportional increase in
cutput pressure in the line 83, in the pipe 288,
and in the hellows i& of the reset device 28§.
The bellows {8 thereupon expands and moves
the flapper 24 towards the hozzle 23. And since
the coil 22 turns the arm 38 clockwise t9 raise
tte flapper 24 on an increase of pressure on the
header {2, a higher pressure in thé header is
required to bring the flapper into a throttling re-
lation with the nozzle 23. Thus the pressure set-
ting of the controller 2§ is raised by an amount
genterally proportional to the increase in the rate
of steam ¢condensation in the roll 69 and there-
fore to the increase in sheet moistutre:. It will be
ufiderstood that on 4 decresdse il shéét moisture
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the rate of steam condensation decreases propor-
tionally thereto, and accordingly the reduced
pressure differential across the orifice T0 results
in a proportional decrease in output pressure of
the controller 65 and in the reset bellows ({0 of
the controller 20. Thus the bellows (10 con-
tracts and raises the flapper 24 from the nozzle
23 to provide a proportionally lower pressure set-
ting for the controller 20. By this means changes
in the rate of steam flow in the conduit &1 are
utilized to measure changes in the rate of steam
condensation in the roll 60 to vary the heat input
to the main drying section 3 in a manner to gov-
ern the moisture content of the sheet passing
threugh the machine. While this form of con-
trol is less sensitive than the preferred form of
mechanism heretofore described, the means to
be described function together with this type of
moisture control to reduce automatically the
machine temperature to a suitable value when a
break in sheet material occurs, thereby prevent-
ing the material from becoming overdried or
underdried when it is again passed through the
machine,

For this purpose I provide the valve 66 in the
conduit 64 downstream of the orifice 70 as in the
preferred form of device shown in Pig. 1. How-
ever, instead of governing the valve 66 by the
rate of flow instrument 65 as shown in Fig. 1,
the valve is governed by the controller 85 which
is of similar construction to that shown in Fig.
1. As in Pig. 1, the coil 96 of the controller 85
is responsive to changes in pressure in the con-
Guit 61 downstream of the valve 66 by means of
the pipe 89. And as therein described, an in-
crease in pressure in the roll 60 causes the coil
6§ to unwind and move the flapper 101 away from
the nozzle 182. Since the nozzle 182 is supplied
with fluid by the pipe 106 through the restriction
191, a proportional decrease in nozzle pressure
results in the output pressure pipe 1061. In the
arrangement herein shown, the cutput pressure of
the controller 95 in the pipe {86! is connected
with the diaphragm chamber 81 of the reverse
acting valve 86 by means of a pipe 20f. Thus
an increase in pressure in the roll 60 results in a
proportional decrease in output pressure in the
diaphragm chamber 87, thereby causing the valve
§6 to throttle the flow of steam to the roll 60.
And when a decrease in pressure in the roll 60
takes place, the valve 66 functions to increase the
flow of steam to the said roll. Thus the con-
troller 85 governs the valve 6§ fo maintain the
pressure in the indicating roll 60 substantially at
a value established by the controlier set mecha-
nism 88. As in the preferred construction, I com-
municate the fluid pressure in the output pres-
sure line 165! with the connection {38 of the
three-way valve (35. For this purpose a pipe
204! is employed which connects the pipe 201
with the valve. The three-way valve {35 is op-
erated by the gap switch {58 but instead of re-
sponding to changes in output pressure in the
pipe 106! as in Fig. 1, it responds to changes in
output pressure in the rate of flow response in-
strument 65 with which it is connected by the
pipe 83.

In desecribing the operation of the device, let it
he assumed that the controller 29 is manually set
to maintain a pressure of 25 p. s. i. in the main
drying section 9, that the controller 95 is set to
maintain a pressure of 6 p. s. i. in the indicating
roll 66 and to provide an output pressure of 3
p. s. i. when the roll pressure is 7 p. 5. 1. and 15
p. s. i. when the roll pressure is 5 p. s. i., and that
‘the rate of flow instrument 65 is arranged to pro-
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vide an output pressure of 15 p. s. 1. at a steam
flow of 425 pounds per hour, of 9 p. s. i, at a steam
flow of 400 pounds per hour, and of 3 p.s. l. at a
steam flow of 375 pounds per hour. Let it be as-
sumed also that the range of the pneumatic set 26
of the controller 20 is adjusted to be on a 100 per
cent basis. Under these conditions as long as the
sheet is passing through the machine the con-
troller 95 will throttle the valve 66 to maintain
substantially 6 p. s. i. in the roll 60, the quantity
of steam required for the purpose varying propor-
tionally with changes in the rate of steam con-
densation occasioned by changes in sheet mois-
ture. For this purpose the output pressure of
controller 95 will vary around a mid-value,
namely 9 p. s. i., and the rate of flow instrument
65 will respond to changes in flow across the ori-
fice 10 and vary the setting of the controller 20
around the manually set value of 25 p. s. i.in a
manner to govern the moisture content of the
sheet passing through the machine.

Under the conditions just referred to, when
a break in sheet material occurs, the pressure
in roll 60 will increase to 7 p. s. i., thereby re-
ducing the output pressure of controller 85 to
3 p. s. i. and closing the valve 66. Thus the
flow through the orifice 70 will fall below 375
pounds per hour, the output pressure of the rate
of flow instrument 65 will drop to 3 p. s. i. and
on the assumption that the gap switch {50 ener-
gizes the solenoid 144 of the three-way valve
135 at this pressure, the reset bellows {10 will
be disconnected from the instrument 65 and will
pe connected with the pipe 201! which communi-
cates with the output pressure line (06! of the
controller 95. Since the output pressure of the
controller 95 is now at 3 p. s. i, the valve 66
will be closed and the pneumatic set mechanism
25 will function to close the main steam valve 21.
Thereafter the controller 95 will continue to
operate the valve 66 to permit such steam as
may be required to maintain the pressure in roll
60 substantially at 6 p. s. i. through the period
when the machine is without a sheet moisture
load. The controller 95 will also throttle the
valve 2! to permit such steam to enter the main
drying section as may be required to maintain
the said section at a temperature suited to the
sheet when again passed through the machine.
And since the quantity of steam required for
the purpose is relatively small, the output pres-
sure of the instrument 65 will be well below that
required by the gap switch 150 to deenergize
the solenoid of the three-way valve 135 on the
assumption that a suitable pressure such as 9
p. s. 1. is required for this purpose.

Let it be assumed that the sheet is again intro-
duced to the machine and that the usual moisture
load is then encountered. The rate of condensa-
tion in the roll 60 will thereupon immediately
increase and when the output pressure of in-
strument 65 reaches 9 p. s. i, the gap switch 150
will deenergize the solenoid of the three-way
valve, thereby disconnecting the controller 95
from the pneumatic set mechanism 26 of the
controller 20 and again connecting the rate of
flow instrument 65 thereto. Thus the controller
95 will continue to maintain a pressure of sub-
stantially 6 p. s. i. in the roll 60 and the instru-
ment 65 will again vary the setting of the con-
troller 20 around the manual set point of 25
p. s. i. It will be understood that while the con-
troller 85 is shown as being responsive to pres-
sure in the roll 60, it may also be arranged to
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respond to roll temperature in the manner de-
‘seribed in connection with Figs. 2'and 3.

Having thus described my invention, what X
claim as new therein and desire to secure by
Letters Patent of the United States is:

1. In a control mechanism for governing the
heat input to a sheet material drying machine
to maintain the moisture content of sheet ma-
terial passing therethrough at a seiected value
and to reduce the heat input to a selected value
during & period when the material is off the
machine, said machine including a main drying
section having a source of heat supply and a sheet
‘moisture indicating section, first means for vary-
ing the supply of heat to the main drying section,
8 tonduit having a source of steam supply and
connected with the said indicating section, sec-
. end-means responsive to changes in steam flow
through said conduit, said changes being in pro-
portional reiation to changes in the rate of steam
condensation in the said indicating section,
third means responsive to changes in the rabe
of steam condensation in the said indicating sec-
tion, one of saig second and third means being
in-operative connection with the first means for
varying the supply of heat to the main section

_in -proportional relation -to said changes. in the
rate of steam condensation, and mechanicm re-
sponsive proportionally to said changes in the
rate of steam condensation and activated when
the rate of steam condensation drops below a

- predetermined value to transfer the control from
one of said second and third means to the other
said second and third means to reduce the heat
value of the main drying section to said selected

value.
2..In a control mechanism for governing the

heat input to a sheet material drying machine
" 'to-maintain the moisture content of sheet mate-
rial passing therethrough at a selected value
and to reduce the heat input to a selected value
during a2 period when the material is off the
machine, said machine inciuding a main drying
section having a source of heat supply-and a sheet
moisture indicating section, first means for vary-
_ing the supply of heat to the main drying sec-
tion, a conduit having a source of steam supply
and connected with the indicating section, a
 restriction in said conduit, second means respon-
_sive to changes in steam flow through said re-
striction, said changes being in .proportional
relation to changes in the rate of steam con-
. densation -in the indicating section, a valve in
. the CO‘ldhlt downstream of said restriction, third
' .means responsive to changes in the rate of steam
" condensation. in the indicating section, one of
. szid -second and third means being in operative
...connection with the first means for varying the
" supply of heat to the main section in proportional
relation to the said changes in the rate of steam
condensation, and at least one-of said second and
third . means being in operative connection with
said valve, and mechanism responsive propor-
tionally to said changes in the rate of steam
condensation and activated when the rate of
steam condensation drops helow a predetermined
value to transfer the control from one of said
. .gecond and third means to the other of said
second and third means to reduce the heat

. value of the main drying section o said selected

‘value.

-3. Tn -a-control mechanism for governing the
heat inpub-to a sheet material drying machine 10
. maintain the moisture content of sheet material
- passing therethrough at & selected value and to
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reduce the heat input to“a selected value during

‘a period when the material is off thie machine,

said machine including a main drying section
having a source of heat supply and a sheet mois-
ture indicating section, first means for Varymg
the supply of heat to the main drying section, a
conduit having a source of steam supply and con-
nected with the indicating section, a restriction
in said conduit, second means responsive to
changes in steam flow through said restriction,

‘said changes being in proportional relation fo

changes in the rate of steam condensation in ‘the
indicating section, a valve in the conduit down-

stream of said restriction and a valve in the con-
duit upstream of said restriction, third means

responsive to changes in the rate of steam con-

densation in the indicating ‘section, one of’ said
second and third means being in operative: ‘con-
nection with the first means for varying the: sup-
ply of heat to the main section in proportional
relation to the said changes in the rate of steam
condensation, and at least one of said ‘second and

“third means being in operative connection with

one of said valves, and mechanism 1esp0n51ve
proportionally to said changes in the rate of steam

- condensation and activated when the ‘rate ‘of
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steam condensation drops below a predetermmed
value to transfer the control from one of sald
second and third means to. the other of said’ Sec-
ond angd third means to reduce the heat value of
the main drying section to said selected Value

4. In a control mechanism for governmg “the

“heat input to a sheet materlal drying machine

to maintain the moisture content of sheet mate-
rial passing therethrough at a ‘selected value, sald
machine including s main drying section-and a
sheet moisture 1ndmat1ng seetion, -and each of
said sections being in heat transfer relation with
the said sheet material, first means for varying
heat from & source of supply to the main section,
second means maintaining ‘a constant rate ‘of
heat input from a source of supply ‘to the’ ‘sheet
moisture indicating section, third means respon-
sive to a change in the rate of ‘heat transfer in
said sheet moisture indicating section and in op-
erative connection with said first means’'fo vary
the supply of heat to the main section in’propor-
tional relation to ‘the said change in the rate of
heat transfer, and mechainism in operative con-

“nection with said second and third mearns respon-

sive proportionally to said changes in the rate of

‘heat transfer and activated when the said rate

- of “héat transfer drops below a predetermined

“yahie o Yimit the control to said third means for

" yarying the heat input during-a period when the
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'said rate of heat transfer remams below a pre-

‘determined value.

5. In 2 control mechanism for governing ‘the
heat input to a sheet material drying machine
to maintain the moisture content of sheet - mate-
rial passing therethrough at a-selected value, said
machine ineluding a main -drying section and a
sheet ‘moisture indicating section, and each of
said sections being in heat transfer-relation with

‘the said sheet material, first - means governing the

supply of heat to-the main section 'to maintain a
selected heat value therein, second means main-
‘taining -a constant rate of heat input to the sheet
moisture indicating section, third means respon-

-sive to changes in the rate of heat transfer in

the sheet moisture-indicating section-to vary the
heat ‘value maintained 4in said main section in
proportional relation to-said changes in. the rate

" of -heat transfer, and mechanism responsive pro-

5

portionally .to changes in the said rate of heat
transfer and ‘in operative assomatlon wmh ‘said
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second and third means to transfer the control
to said third means to govern the rate of heat
input to the sheet moisture indicating section
when the said rate of heat transfer falls below a
predetermined value.

6. In a control mechanism for governing the
heat input to a sheet material drying machine
to maintain the moisture content of sheet mate-
rial passing therethrough at a selected value, said
machine including a main drying section and a
sheet moisture indicating section, and each of
said sections being in heat transfer relation with
the said sheet material, first means governing the
supply of heat to the main section to maintain a
selected heat value therein, second means main-
taining a constant rate of heat input to the sheet
moisture indicating section. control point setting
means associated with said first means, third
means responsive to changes in the rate of heat
transfer in said moisture indicating section and
in omverative connection with said control point
setting means for varying the heat value main-
tained in said main section in proportional rela-
tion to said changes in the rate of heat transfer,
and mechanism responsive proportionally to
changes in the said rate of heat transfer and in
operative association with said second angd third
means to transfer the control to said third means
to govern the rate of heat input to the sheet mois-
ture indicating section when the said rate of heat
transfer falls below a predetermined value.

7. In a control mechanism for governing the
heat input to a sheet mafterial dryineg machine to
maintain the moisture content of sheet material
passing therethroush at a selected value, said
machine including a main drying section and a
sheet moisture indicating section, and each of
said sections being in heat transfer relation with
the said sheet material, a first conduit having a
source of steam under pressure providing a sup-
ply of steam to the main section, a second con-
duit having a source of steam under pressure pro-
viding a supply of steam to the sheet moisture
indicating section, a first valve in said first con-
duit for varying the supply of steam to the main
section, a first controller having a source of power
and responsive to changes in heat value in the
main section in operative connection with said
first valve to maintain a selected heat value in
the said main section, a second valve and a
restriction in said second conduit, a second con-
troller having a source of power and responsive
to changes in flow through said restriction in
operative connection with said second valve for
maintaining a substantially constant rate of
steam flow to said sheet moisture indicating sec-
tion, a third controller having a source of power
and responsive to changes in the rate of steam
condensation in the sheet moisture indicating
section in operative connection with the said first
controller for varying the heat value setting of
said first controller in proportional relation to the
said changes in the rate of steam condensation,
and mechanism responsive proportionally to said
changes in the rate of steam condensation and
activated when the rate of steam condensation
drops below a. predetermined value to operatively
connect said third controller with said second
valve to govern the steam input to said sheet
moisture indicating section until the said rate of
heat transfer exceeds a predetermined value.

8. In a control mechanism for governing the
heat input to a sheet material drying machine to
maintain the moisture content of sheet material
passing therethrough at a selected value, said
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machine including a main drying section and a
sheet moisture indicating section, and each of
said sections being in heat transfer relation with
the said sheet material, a first conduit having a
source of steam under pressure providing a sup-
ply of heat to the main section, a second conduit
having a source cf steam under pressure provid-
ing a supply of steam to the sheet moisture indi-
cating section, a first valve in said first conduit
for varying the supply of steam to said main sec-
tion, a first controller having a source of power
and responsive to changes in heat value in the
main section and in operative connection with
said first valve to maintain a selected heat value
in said main section, a restriction in said second
conduit, a second valve downstream of said
restriction, a third valve upstream of said restric-
tion, a second controlier having a source of power
and responsive to changes in flow through said
restriction in operative connection with said sec-
ond valve for maintaining a constant rate of
steam flow to said sheet moisture indicating sec-
tion, a third controller having a source of power
and responsive to the rate of steam condensation
in the sheet moisture indicating section and in
operative connection with said first controller for
varying the heat value setting of said first con-
troller in proportional relation to the said
changes in the rate of steam condensation, and
mechanism responsive proportionally to changes
in the said rate of steam condensation and opera-
tively connecting said third controller with one of
said second and third valves when said rate of
cendensation dreps below a predetermined value
tc govern the rate of steam input to said sheet
moisture indicating section.

9. In a pneumatic control mechanism for gov-
erning the heat input to a sheet material drying
machine to mainfain the moisture content of
sheet material passing therethrough at a selected
value, said machine including a main drying sec-
tion and a sheet moisture indicating section, and
each of said sections being in heat transfer rela-
tion with the sheet material, a first conduit hav-
ing a source of steam under pressure connected
to the main section, a second conduit having a
source of steam under pressure connected to the
sheet moisture indicating section, a first fluid
pressure operated valve means in said first con-
duit, a first controller responsive to changes in
heat value in the main section and varying pres-
sure to said valve means from a source of fluid
pressure in proportional relation to said changes
in heat value, a pneumatic control point setting
mechanism associated with said first controller
having an element responsive to changes in fluid
pressure for varying the setting of said controller,
a second fiuid pressure operated valve means for
varying steam flow through said second conduit,
2 second controller having a source of fluid pres-
sure and responsive to changes in the rate of flow
through said second conduit to provide variations
in output pressure in proportional relation
thereto, a first fluid line connecting the output
pressure from said second controller with said
second valve means to maintain the rate of steam
input to the said sheet moisture indicating sec-
tion at a substantially constant value, a third
controller having a source of fluid pressure and
responsive to changes in the rate of steam con-
densation in the moisture indicating section to
provide variations in output pressure in propor-
ticnal relation thereto, a fluid connection from
the output pressure of said third controller to the
element of said control point setting mechanism
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“for varying the controller setting in proportional
relation to said changesin the rate-of steam con-
densation, a second fluid line eonnecting-the out-
put pressure of said third controller with ‘said
second valve means, g third valve - means govern-
‘ing fluid flow-through each of said fluid-lines, and
‘mechanism responsive proportionally to changes
‘in the said rate of steam condensation and in
operative connection with said'third valve means
to open said first Auid line and close-said second
fiuid line when the rate of steam -condensation
exceeds a predetermined value and to open said
second fuig line and close said first fluid line
when the rate of condensation drops below-g pre-
determined value. :

10. In a control mechanism for governing-the
heat input to a sheet material drying machine
to maintain the moisture content of sheet ma-
terial passing therethrough at a selected value,
said machine including a main drying section
and'a sheet moisture indicating section, and each
of said sections being in heat transfer relation
with the said sheet material, first means for
varying heat.from a source of supply to the main
section, a source of heat supply connected with
“the sheet moisture indicating section, second
means responsive to changes-in the rate of heat
input to the sheet moisture indieating section and
in operative connection with said first means to
vary the heat supplied to the main section in
‘proportional relation to the said changes in the
rate of heat input, third maeans responsive to
changes in the vate of ‘heat transier in the
moisture indicating section and varying the rate
of heat input to said section in proportional re-
lation to the said changes in the rate of heat
transfer, and mechanism in operative connection
with said second and third means responsive
proportionally to the rate of heat transfer and
activated when the said rate of heat transfer
drops below a predetermined value o limit the
control to said third means for varying the heat
input during a period when the said rate of heat
transfer remains below a predetermined value.

11. In a control mechanism for governing the
heat input to a sheet material drying machine
to maintain the moisture content of sheet ma-
terial passing therethrough at a selected value,
said machine including a main drying section

and a sheet moisture indicating section, and each

of said sections being in heat transfer relation
with the said sheet material, a first conduit
having a source of steam under pressure provid-
ing a supply of heat to the main section, a sec-
ond conduit having a source of steam under
pressure providing a supply of steam to the sheet
moisture indicating section, a first valve in said
first conduit for varying the supply of steam to
the main section, a first controller having a
source of power and responsive to changes in
neat value in the main section in operative con-
nection with said first valve to maintain a se-
lected heat value in said main section, a restric-
tion in said second conduit, a second valve down-
stream of said restriction, a third valve upstream
of said restriction, a second controller having a
source of power and responsive to changes in
flow through said restriction, a third controller
baving a source of power and responsive to the
rate of steam condensation in the sheet moisture
indicating section and in operative connection
with one of said second and third valves to vary
the rate of steam flow to the indicating section
in proportional relation to the said changes in
the rate of steam condensation, means operative-
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1y connecting éither one or the other of the said

second and third controllers with the said: first
controller to vary the heat value maintained in
the main section, and mechanism governing said
means responsive proportionally to said changes
in the rate of steam condensation and activated

‘when the rate of steam condensation exceeds-a
“predetermined value to operatively connect the
‘said seconid controller with the first controller
and when the said rate ‘'of steam condensation
‘drops below a predetermined value to operatively
‘eonnect the-said third controller with  the said

first controller.
12. In a pneumatic control apparatus for gov~
erning the-heat input to-a sheet moisture drying

‘magchine including a main drying section and a
-sheet moisture indicating section, first-pneumat-

ically: operated control meails having a source
of fluid pressure for governing the heat input

-from a-source of supply to the'main drying sec-
-tion, a conduit conneécting a source of steam sup-

ply to the moisture “indicating section, a re-
striction and a pneumatically operated valve ‘in
said conduit; second pneumatically operated eon-
trol means varying fluid operating pressufe from
a source of supply in proportional relation to

“changes in steam flow through said restriction,

third pneumatically operated control means
varying fluid pressure from a source of supply in
proportional relation to changes in the rate of
steam condensation in the sheet moisture-indicat-

ing section, a pneumatically -operated control

point setting -deviee governing the controel setting
of the first control means, g first fluid line con-
necting the control point setting device with the
operating pressure from the said second control
means, a second fluid line connecting said de-
vice with the operating pressure from the said
third control means, and a third fiuid line con-
necting the operating pressure from the said
third control means with said valve to main-
tain a substantially constant heat value in
the sheet moisture indicating section, valve
means normally closing the second fluid line,
and mechanism in coperative connection with
the said valve means and responsive to changes
in the said rate of steam condensation, said
mechanism being activated when the said rate
of steam condensation drops below a predeter-
mined value to actuate said valve means to open
1the second fluid line and close the first fluid
me.

13. In a pneumatic control apparatus for gov-
erning the heat input to a sheet moisture drying
machine including a main drying section and a
sheet moisture indicating section, first pneumat-~
ically operated control means having a source
of fluid pressure ior governing the heat input
from a source of supply to the main drying sec~
tion, a conduit connecting a source of steam
supply to the moisture indicating section, g re-
striction and a pneuinatically operated valve in
said conduit, second pneumatically operated con-
trol means varying fluid operating pressure from
a source of supply in proportional relation to
changes in steam flow through said restriction,
third pneumatically operated control means vary-
ing fluid pressure from a source of supply in
proportional relation to changes in the rate of
steain condensation in the sheet moisture indi-
cating section, a pneumatically operated control
point setting device governing the control set-
ting of the first control means, g first fluid line
connecting the control point setting device with
the operating pressure from the said second con-
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trol means, a second fluid line connecting said
device with the operating pressure from the said
third control means, and a third fluid line con-
necting the operating pressure from the said
third control means with said valve to maintain
a substantially constant heat value in the sheet
moisture indicating section, valve means nor-
mally closing the second fluid line, and mecha-
nism in operative connection with the said valve
means and responsive to changes in the said
rate of steam condensation, said mechanism
being activated when the said rate of steam con-
densation drops below a predetermined value to
actuate said valve means to open the second fluid
‘line and close the first fluid line, and said mecha-
nism being again activated when the said rate
of condensation increases to a predetermined
value to actuate said valve means to open the
first fluid line and close the second fluid line.

14. In a control mechanism for governing the
heat input to a sheet material drying machine
including a main drying section and a sheet mois-
ture indicating section, a first controller having
a source of power and governing means for vary-
ing heat input from a source of supply to the
main section to maintain the heat in said sec-
tion at a constant selected value, a second con-
troller having a source of power and responsive
to changes in the rate of flow of steam from a
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source of supply to the sheet moisture indicat- 3¢

.ing section, a third controller having a source
“of power and responsive to changes in the rate
of steam condensation in the said moisture in-

24
dicating sectlon, a power operated device for
varying the rate of steam flow to the moisture
indicating section, a power operated device for
varying the control setting of the said first con-
troller, first power transmission means adapted
for the connection of one of said devices with
said second controller, second power transmis-
sion means adapted for the connection of said
one of said devices with saig third controller,
third power transmission means connecting the
other of said devices with said third controller,
and power operated mechanism for connecting
said first means and disconnecting said second
means and for connecting said second means and
disconnecting said first means, said mechanism
being responsive to changes in the said rate of
steam condensation and being activated when
the said rate exceeds a predetermined value to
connect said first means and disconnect said
second means and when the said rate drops below
a predetermined value to connect said second
means and disconnect said first means.
ANDREW E. BENNETT.
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