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This invention relates to confrol mechanism
for use in cennection with drying machines com-

monly employved in industries concerned with the

manufacture of paper, textiles, synthetic ma-
terial and the like for reducing the moisture con-
tent of such material to a predetermined value,
and more particularly the invention relates fo
means which coact with the moisture control
mechanism in 2 manner hereinafter to be de-
scribed to reduce the temperature of the drying
machine during an interval that no sheet ma-
erial is passing therethrough as may be occa-
sioned, for example, by a break in the sheet ma-
terisl. When the masterial is again introduced
to the machine, the mechanism also functions to
return the dryving termaperafture to such value as
may he required to provide a predetermined sheet
moisturs content. Ey this means, when a sudden
reduction in moisture load has occurred, over-
heating of the drying machine is prevented and
the damage resulting theveirom to the sheet when
again instrecduced to the machine is avoided.
Drving machines of the type referred to com-
brise a pniurality of heating elements, usually in
the form of rotating drums or rolls, commonly
rranged in one or more main drying sections,
over which the material passes from the so-cailled
web end to the dry end of the machine, it being
nderstood thab the material being dried by ma-
chines of this type may he in the form of solid
sheets such as paper, felt, cloth or the like, or
may consist of sheets in the form of stranas as,
for example, are commonly termed the warp in
the manufacture of cloth. And the control
mechanism to which this invention relates 1s
adapted to govern the heat input to a drying roll
or 1olls in one or more main arying sections te
reduce the moisture content of the sheet material
passing through the machine to a predetermined
valile. More particularly this invention relates
o that type of sheet drying control mechanism
wherein one or more drying rolls associated with
5 main drying roil section are used to reflect or
incdicate changes in sheet moisture, to which
changzas the mechanism embodying this invention
resnoends and varies the heat inpuws, as for ex-
ample steam, to a main section of drying rolls
as requiiived to maintain the desired moisture con-
tent in the sheet as it legves {he macunine., In
conirols of this type it is customary to supply
steam to the Indicating roll or rolls 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 roll,
cecasioned by changes in the moisture conient
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of the sheet, passing over the roll, the flow of
steam to the main dryving 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 ¢f the afore-mentioned type
to decrease the heat input to the machine when
2 break in sheet material occurs and thereafier
t0 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 o the machine, at which time the
heat input is again raised to such value as is re-
nuired to maintain a selected sheet moisture con-
tent.

A preferred form of control mechanism em-
bodying this invention ig herein shown and de-
scribed, wherein g constant steam input is main-
tained io an indicating roll and changes in the
rate of steam condensation in the said roll are
measured by changes in roll pressure cr fempera-
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 No. 250,706, of which
I am a co-inventor. And a modified form of
control mechanism embpodying 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 10 said roll.

It is an object of this invention to provide an
improvement in control mechanism for maintain-
ing the moisture of sheet material passing
through a drying machine at a substantially con-
stant value, including means for maintaining the
temperature of the machine at a suitable value
during a pericd when no material iIs passing
therethreugh, thereby preventing the sheet ifrom
hecoming overheated or underheated and cam-
aced when it is again passed through the ma-
chine.

t is an object of this invention to provide an
improved centrol mechanism which responds to
changss in moisture in a sheet of material pass-
ing over one or more drying machine rolls having
a, separate steam supply from that which supplies
the main drying section of the machine for the
purpose of varying the heat input te the sald
main drying section and thereby maintalning a
predetermined sheet moisture content, in combi-
nation with automatic means which function with
the aforesaid mechanism to reduce the heat input




2,629,039

3

to the machine when a break in sheet material
oceurs to maintain the said heat input at a suit-
aoble value to prevent damage to the sheet ma-
terial when again introduced to the machine, and
thereafter to return the heat input to such value
as mayv be reguired to provide a selected sheet
rmoisture content.

1t is an ohject of this invention to provide a
frst means for governing the input of heat to a
main drying section of a sheet moisture drying
machine, o second means for measuring the rate
of condensation of steam supplied to & sheed
moisture irdicating section of said machine for
varyving 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 thereto,
and thereafter to increase the heat input to sucn
value as may be required to again maintain a
sajected sheel 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 dryving rell section of a sheet material dry-
ing machine is responsive to roll pressure, it will
he understcod by those skilled in the art that
the said heat input may also be governed by a
controller responsive to roll temperature in said
csection or to the rate of flow of steam to the rolis
of said eeciion: and it will be further understoocd
that while there is herein shown and described
a preferred form of control mechanism includ-
ins means responsive to changes in steam pres-
sure in a samuvple roll having an independent
constant steam input for the purpose of indicat-
ing changes in moisture in sheet material pass-
ing cver the roll, as indicated in modified views
such means may he responsive to roll tempera-
ture if desired, since changes in sheet moisture
are retflected 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 ofi-mois-
ture load, various well-known means may be
employed without departing from the spirit of
this invention. ¥urther objects and advantages
of the invention will be apparent from the fol-
lowing description when taken in connection
with the acecompanying drawings in which—

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

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

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

Fig. 4 is an enlarged view, in section, of 2
portionr of the mechanism, the parts being in
the reverse position from that shown in Fig. 1:
ana

Fig. & is & diagrammadtic view of a modification
of the construetion shown in Fig. 1. |

rTaving reference to the drawings and particu-
larly to Fig. 1, there is illustrated a portion of a
drying roll section, generally indicated at 8, of a
paper aryving machine. The section 8 includes a
plurality of rolls {0 which are connected in the
usual manner by pipes {1 with a 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
nines 14 with a condensate conduit {5 leading to
o sepsrator, also not shown. The drying rolis
{0 are rotated in unison by means not illustrated,
and are engaged by a paper sheet (¢ which
passes over and under the rclls 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
aryving rolls (8§ 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 employead in a2 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 {0 to provide the temperature required to
reduce the sheat 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
29 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 oy its equiva-
lenit for eliminating so-called drift, it will be
understood that either or bhoth of these devices
may be embpleyed if desired.

The Bourdon coil 22 is mounted with cne end
secured to a circular back plate 21 which in turn
is rotatably mounted on the controller back
plate indicated at 2T.. 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 2T7. A
motion transmitting arm 30 is secured to the
shaft 28 which in turn is in operative connec-
tion with the free end of the coil. The fixed end
31 of the coil comimunicates with a flexible tube
32 which, as herein shown, ccnnects with the
neader (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
ceeurs. .

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
hellows being in communication with pipes 33
and 33 by means of a pipe 38. Secured to the
Iree end 393 of the bellows is a post 40 which is
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also attached to a disc 4f, an expansion spring
42 being confined between the disc and a fixed
member 43 so that the end of the flapper 24,
which is pivotally connected to the post at 44,
assumes a position whieh is proportional to the
fluid pressure in the bellows 36, the overall bel-
lows movement being determined by the rate
selected for the spring 2. 'The other end of the
flapper 24 is engaged at 45 by one end of a lever
46 pivotally at 46! on a post 471 forming part of
the control point reset device 26 to be described.
The other end of the lever 4§ is engaged by the
free end of the coil arm 30 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-
crease in pressure in the header 12, the opposite
occurs. |

The motor valve 21, of the fluid pressure
operated type and of any usual construction,
is mounted in the steam conduit {3 by which
the header {2 is supplied. As herein shown the
valve 21 is of the reverse acting type. It has &
ralve member 49 connected with a stem §8 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
341, the valve parts being arranged sc that tne
valve member 4% 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 inecreases 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 will 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 sclected pressure
in the header 12 and on the vertical position of
the pivotal connection £6! between the lever 4%
and post 47 of the pneumatic reset device 26.
 Suitable means for manually adjusting ithe
radial position of the coil arm 32 is in the form
of a hand operated gear %§ which meshes with
a, toothed section BB on the plate 27, the pipe
32 being provided with a flexible portion 56 to
permit the coil to be rctafed by the cear to any
selected position within the range of control
setting adjustment. When the coil is rotvated
counterclockwise the pressure setting is raised
and vice versa. The manual control point set-
ting device just described functions in connection
with the pneumatic confrol point resetting de-
vice 28 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 &i
on which the noczzle 23 is mounted, movement
toward the connection 45 between 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.
wwhich a three-way valve {35 is mounted, serves

6‘
pipe 84 is provided with a flexible portion as
indicated at §3. |

The apparatus just described illustrates a sim-
ple form of control mechanism for governing the
vaive 21 to maintain a set pressure in the header
{2 and functions with apparatus {o e described
to vary the pressure sefting and thereby the roll
temperature as required to maintain tiiec moisture
content of the sheet as it leaves the machine
at a selected value. And it will be undersicod
that while there is shown a pressure controller
by way of illustration, a temperature or rate o1
flow controller may be egually well utilized, the
ohiect being to provide a. roll temperature suchl
S May he reqguired for the purpose.

In the form of control apparatus shown in Fig.
1 means are provided for responding to minute
changes in gheet moisture by maintaining g con-
stant rate of steam inputb into a moisture wmdicas-
ing roll secticn, herein shown as a roil 886, and
responding to pressure or temperature changes
in the said roli or to temperature changes at the
roll surface. #For this purpose, the roll 5§ is pro-
vided with a separate sieam supply through a
conduit §¢f from a source noi shown, and with
means for removing the condensate as by an
internally mounted condensate pickup pipe, also
not shown, which connects with a condensaie
discharge pipe 82 having a steam trap 53 which
in turn communicates with a discharge concauis
84. Steam flow through the supply conduit €
is maintained at a constani selected rate hy
means cf a rate of flow controiler, generally in-
dicated at 88, which funciions with a motor valve
68 for this purpose. The rate of flow coniroller
55 may be of any suitable construetion and as
herein shown comprises the usual mercury ma-
nometer 87 suitably filled with mercury 5% and
having g connegtion £8 upstream of an orifice
710 in the conduit §i and a connecticon it down-
stream of said orifice. A float 72, nivetally con-

nected at i3 to one end of a lever 7é having 2

pivotal mounting 73 in the manometer casing,
serves to rotate the lever abhout the pivetal mount-
ing on a basis which is substantially proportional
to changes in the pressure differential acress the
orifice T8 and therefore to changes in the rats of
steam flow. The other end of the lever 74 has a
pivotal connection with a flapper operavinig ari
16, a locking member 77 being provided foy ciamp-
ing the arm in any rotary position desired. The
free end of the arm 76 engages one end ¢f a fap-
per T8 pivotally connected at 79 1o a post 88 of &
proporticning device §i simiiar in construction
to that descrihed in connection with tne pressure
controller Z2. The flapper T8 coopsrates with
a, 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 hy the relative position
A pipe 86, in

to commiunicate the nozzle with the diapnragm
chamber 87 of the motor valve 68 which is of
the reverse aoting type and is of similar construc-
tion to the motor valve 21 mounied in the steant
conduit i3 supplying the main drying roll section
8. A second vine 88 connecis thie nozzle with
the bellows 88 of the proporticning device §i
which provides a proporticning action as g0V~
erned by the rats of a spring 94 in the same man-
ner as the provortioning device 2§ referred 1o
above. In operation, an increase in flow tirougn
the orifice T8 creates a proporeicnal increase In
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differential pressure across the orifice. As this
ceurs the flcat 12 moves down with the levei ¢
supporting mercury, rotates the lever 74 counter-
clockwise and moves the fiapper 1§ away 1rom
the nozzle 82 to decrease the nogzzle pressure.
Thereupon the preoportioning beilows 838 contracts
and returns the flapper to a throttlinng relation
at a reduced nozzle pressure. The moftor valve
68 throttles the steam fiow to the roll €8 to main-
tain vhe pressure drop across the ovifice and
thereiore the rate of fiow at a substantially cen-
stant value as determined by the control setiing.
The control setting is determined kv the inidial
position of the flapper 18 in respect to the nozzle
32 and as herein illustrated the setiing may ve
varied by locking the operating arm 76 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 @0,
thereby restricting any fendency of the pres-
sure to change to that portion cf the conduit
g1 which is downstream of the said orifice. For
this purnose a reducing regulator 98 of any usual
construction may be employed. The reguliaicr
showil is of the direct acting type and 1s gen-
erally similar in construction to the valves £
and 66. If is mounted in the conduit &f{ up-
stream of the orifice 10 and has a diaphragm
chamber 91 which is connected with the con-
duit on the downstream side of the valve hy
means of a pipe 82. The pressure in the dia-
phragm chamber 91 is opposed by a spring 93
which may be tensioned to provide a selected re-
duced pressure on the upstream side of the ori-

ce 10, and since an increase of pressure tends
fo close the valve and a decrease in pressure tends
to open it, the valve functions to mailntain &
substantially constant pressure upstream of the
orifice. *

As shown in Fig. 1, the indicating roll 68 is In
contact with the paper sheet 18 as it leaves the
main drying roil section &, 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 n. s. i., changes in sheet mois-
ture affect the rate of steam condensation in
the roll and have g 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 infer-
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 fo
respond to roll pressure changes and to proviace
an output pressure proportional thereto. The
master controller includes a spiral coil 86, hav-
ing a flapper actuating arm 27, and g manusl
control reset mechanism generally indicated at
8 hoth of which may be similar to the coil 22
and manual reset 54—27 described in connec-
tion with the pressure controller 28. The mas-
ter controller also has a proporfioning device
128 of similar construction to the proportioning
device 25, shown iIn 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 109 in respect to a nozzle {82. Since the
nozzle 102 is herein shown as being mounted
above the flapper 101, the hellows 183 and spring
(€4 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 also 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 controiler
nozzle {62 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 nozzle, pipe 106
being connected with a pipe 105! which com-
municates with the nozzle. A connection (08
petween the pipe (66! and proportioning hkel-
lows 133 serves to communicate the nezzle pres-
sure to the interior of the bhellows (03 in the
usual manner. Iy will be understood that a de-
crease of pressure in the roll 60 and therefore
in the coil §b6 causes the coil to wind ujp, thereby
turning the arm 87 counterclockwise and mov-
ing the flapper 101 ftowards the nozzle 102 to
increase the nozzle pressure. 'The resulting ex-
pansion of the bellows 183 moves the flapper
away ircm the nozzle and returns the parts to 2
throttling relation to provide an increase in the
nozzle pressure in the pipe {661, or in other words
an increase in the master controller ocutput pres-
sure, on & basis which is proportional to the
decrease in roll pressure. And since g relative-
ly wide proportional 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 mayv be utilized to govern
the pressure in the rolls (9, preferably hy re-
setfing the control point of the pressure control
instrument 20.

The control point resetting device 26 has a
bellows 118 having a fixed mount li§f throuzh
which the inferior of the hellows is connected
with the master controller cutput pressure pipe
(861 by means of g pipe {12. The post 471 on
which the lever 46 is pivotally mounted ag here-
inabove described, is secured ic the free end i3
cf the bellows and to a disc (14 hetween which
and a fixed member (15 an expansion spring
{16 is confined. Since the vertical position of
the pivot 46! determines the control setting of
the controller 20 in respect to the setting estab-
lished by the rofary pocsition of fhe coil arm
30 as provided by the manually operated gear
B4, the bellows 118 functions to vary the control
apove and below the value estahlished by the
manual set mechanism on g basis which is in-
versely proportional to changes in recll pressure.
Thus when the sheet moisfure increases, a rela-
tively wide drop in roll pressure occurs, therehy
providing & relatively large proportional in-
crease in the output pressure in the bellows {10.
This Increase in output pressure expands the
bellows (18 preportionally thereto and corre-
spondingly lowers the privot 46! hy an amount

ctermined by the rate selected for the spring
116, 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 proporticnally 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 moisture content.

In crder te record changes In sheet moisturs
and in the pressure in the roll 64, there 1s pro-
vided a recorder, diagrammatically shown at
[§5, 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 39 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 Bourden
coil, also not shown, which connects with the out-
put pressure pipe {12 through a pipes {18, By
means of a double range chart 128, rotated in
the usual manner by a clogk not shown, and
representing both pressure and shest moisture
deviation, the roll pressure is directly recevded
by the pen 116, and changes in sheet moisture
are indirectly recorded through ehanges in the
master contreller output pressure by pen {i8,
which last mentioned changes are proportional
to changes in the roll pressure and thereiore (%6,
changes in sheet moisture content.

Fig. 2 illustrates an alternate construction

wherein the transmitier coil 88 responds to the

internal temperature of the roll 68 instead of to
the roll pressure as shewn in Flg 1. The roll
60 to which the steam supply pipe 64 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 126 which
connects with the fixed end of the coil 96 therehy
providing a sealed thermal system Which may B2
filled with a suitable expansible fluid. The bulb
{25 extends into the interior of the roll &8 and
is sensitive to changes of temperature thelem

The operation of the master controller 95 is
substantially identical to that described in Fig.
1, wherein the masier controller responds to
changes in the roll pressure. Since the tempeara-
ture in the roll 68 varies with the pressure when
a change in sheet moisture occurs, 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
98 responds to changes in thermal system pres-
sure which is eubstantmlly the equwalem o
changes in roll pressure,

In Fig. 3 there is shown a means for respond-
ing to changes in the surface temperature of that
portion of the cylindrical surface of the roll o0&

which is engaged by the sheet {6, the roll 63 be-
ing connected with the steam mlet conduit 6l
and the discharge pipe 62 as hereinabove de-
scribed. For this purpose a surface tempera-
ture measuring device 13§ of any well-known
suitable construction is employed, preferably a.
measuring device of the type shown and described
in the application for United States Letlers Hat-
ent of Andrew E. Bennett and Daniel S, Brown,
filed Pebruary 16, 1951, under Ser. No. 211,336.
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The measuring device {30 may be mounted on a

stand {3t at the cylindrical surface of the roll
89 and at a selected position on that portion of
the surface which is engaged by the paper sheet.
A capillary tube {26! which corresponds to the

the measuring device {30, a suitable expansible
fluid being employed to vary the fluid pressure in

the coil §6 in response to changes in the roll sur-
:faee temperature

70 ©
tube {26 in Fig. 2 is connected to a bulb 127 in

75

any well-known construction.

member.

line

10
In the operation of the device, the master con-
troller 95 funetmzls in the 351mMe way a8 alreedy

described. Since a eonstept stea:’q input is sup-
plied to the roll 86, a change in sheet moisture

resulis in a relatively wide change not only in the
in s_.ernal tempew'ture and pressure in the roll,
but in the temper ature of that pertw*q of the
roll surface which is engeged Ly the paper sheet.
This will be evident When it is noted that the

change in sheet moisture initiaily effects a rela-

tively wide chcmg in the surface temper afurs
of that pertmn of the roll engaged by the sheet
since the quantity of steam suppﬁled to the roll
i3 net mned in a direction to counteract the
mezstule e‘laﬂﬁe And it is equally clear that
the releiﬂvej.y mde ehange in roll surface tem-
per ature effects a substantially corresponding
change in rell pressure and inter nal temperature.
Thus as in the censtrue‘mon shown in Figs. 1 and
2, a reletlvely v.rlde bend of indication is pro-
v1ded whereby the maste:f controller is respon-
sive uO shght ehe,nges 111 sheet moisture angd func-
tions uﬂ.medletelj to reset proportionally the
centlel setting of the instrument 29 to vary the
heat input to the drying roll section 9 and main-
tain the sheet melsture eontent substantially at
%) seleeted value

Whlle the centrel mechanism hereinabove de-
seribed fune 101"13 10 mamtam the sheet mois ture
eentem to Whhm e:s-:tremely close limits, it has
neen J_Ollﬂd neeesealgr whe:e. 2 break in the sheet
{8 occurs and the sheet runs o ¢f the machins,
for the epemtm te m@nually reset the coatlel
mechanism to such lower pressure as is required
to prevent evelheatmg durmg the period when
the paper she is "li}t passing through the ma-~
chine and thel eby evelheetmg a considerania
por tion of the sheet “fhen it is again introducad
10 the meehme And Lhe mechanism to be de-
scrlbed functlens with the conirol mechanis:
set forth abwe to change the conr ol from a ¢con-

dltmn under whmh the dlymg machine is op-

erating under a shest moisture load to a con-

dition unde1 whmh the machine is operating
mthout the sheet moisture 1eﬂd and thereafter
to return the eentrel .settmg to the value re-

quired to provide the proper moisture confbent

when t"le sheet i5 ¢ gem Do ssed through the ma-
chme Bor thls purpose *he seleneld valve lﬁo
is meuﬁted in the outpui, pressure line €6 fr o
the contrellel 65 10 uhe diaphragm chamber §7
of the centrel V&].Vu 65 The valve 135 is of the
three-wey selenom epeie ted type and maybe of
Az herein ilius-
trated it comprises a body having connections
138 and {37 which connect with pine 38 and a
third conneciion {38 which connects with the

_eutput pressure line (068! of the controller §3 by
means of a pipe [38.
_deuble seeted Valve member (40 ceoperates wﬂh

Within the valve body a

enpe.sltely d1epeeec1 ports {81 and (42 and is con-

nected by means of & stem {43 to a core {44 which

teﬂ'ether with a (3011 E&e eeﬂstltutes 2, solenoid
gepelally mdlee‘red ot {4% for actuating the vaive

The parts are arranged sg that wiaei
the solenoid is deen erglzee by mieans to e de

scribed the pezt M‘-‘-" is elesed and the port {414 i

open to connéct the eutput pressure line 88 wli,

the dmphrae‘m valve 87 of the valve §8. On the
other hand when the 5016'*101(1 (48 is energized
t’rle valve member m closes the port (41 and
opens the port 142 Whereby the output pressure
{081 from the eontmllm 83 is connected
thi oue'h the plpe s.ae with that portion cf the

pipe 86 which leads from the three-way valve
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to the diaphragm chamber 87 of the said valve
66. Means for energizing the solencid [45 is
in the form of an eleciric gap switch as herein
shown, generally indicated at 152, but it will be
understood by those skilled in the art thet any
other well-known form of device may be used
for this purpoeose whether electrically, pneumat-
ically or hydraulically operated.

The gap switch 150 is provided with a2 mercury
tube 151 which is secured by means of clips 52
(see particularly Fig. 4) tc an operating membier
I53 having a support (54 pivoted at 155 on an
upright 1506 secured to a cover {57 with which a
bellows casing (58 is provided. The ftube (%}
has the usual globule of mercury {59 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
horizental position, the mercury will flow to the
left to the position shown in Fig, 1. A pair of
conductors {68 having convacts ol within the
tube (5§ 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 swrrounded by the mercury {53.

Means for tilting the tube i3l is in the form
of a bellows 162 disposed within the casing {58
and sealed to the cover [5T to provide a pressure
chamber 163 externally of the bellows. Within
bellows 162 is a compression spring (64 which
is confined between the cover {57 and the free
end {65 of the bellows. The casing 158 is pro-
vided with a connection (65 into which a pipe
167 is threaded and communicates with the out-
put pressure line 133 of the master controlier
95. A rod 168, threaded at its outer end as in-
dicated at {69, extends through an ¢pening in the
cover 15T and is attached at its inner end {o a
plate 110 which in turn is secured to the inner
face of the free end 165 of the bellows. A pair
of nuts Tt and {12 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 hy the nut {7t past
its horizontal position at a selected low pres-
sure in the chamber 163, and will be tilted coun-
terclockwise by the nut (72 past its horizontal
position at a selected high pressure in the said
chamber, the pivotial 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 93 has an operating
range from 3 p. s. 1. 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 iurther that a
relatively high outpult 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 (1§ may
be positioned so that when the output pres-
sure drops to 3 p. s. i. the nut {7l has moved
down to a position to tilt the tube (51 clockwise
past its horizontal position to the position shown
in Pig. 4. When this occurs, the mercury 138
flows to the right, thereby completing the elec-
tric circuit. The nut (12 may also be positioned
on the rod 168 so that when the pressure in-
creases frcm 3 p. s. i. to a predetermined value,
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pressure at substantially 6 p. s. i.

-an increase in roll pressure takes place.
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for example, 9 p. s. i., the nut 172 will be raised
to a position 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 n. s. 1. the solenoid will deenergize un-
til the pressure drops to 3 p. s. 1. and thereafter
the solenoid will reimain energized until the out-
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 (6 is passing through the
machine, that the pressure controller 20 is set
to maintain a steam pressure on the rolls 106 of
20 P. 8. 1., that the valve 39 ig set to maintain a
steam pressure of 20 p. s. i. upstream of the ori-
fice 10, and that the rate of flow controller 65
1s set to maintain a constant steam input to
the indicating roll 68 of 400 pounds per hour.
Under these conditions and assuming that the
ocutput pressure range of the controllers is from
3 p. s. 1. to 15 p. 8. 1. and that the steam pressure
obtaining in the indicating roll 60 is approxi-

y mately 6 . s. 1., the master controller 95 may

have its proportvicning bhand adjusted, for ex-
ample, to provide 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. i 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 inn the pressure controller 20 will be at the
miapoint in its range, namely, at the 25 p. s. i.
pressure setting provided for the main drying
section rclls (0 by the manually operated gear
4. Again under these conditions the solenoid
i46 of the valve 135 will be decnergized and the
rate of flow controller 65 will be governing the
steam valve 86 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-
tz_roller 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
I have found
that under the usual operating conditions when
the proportfioning band of the master controller

83 is set to provide a change in outout pres-

sure from 3 p. s. i. to 15 p. 5. i. on an indicating
rell pressure change of plus or minus 1 Dp.s. i, from
6 p. 8. i, a portion only of the output prassure

operating range is required tc maintain the in-

dicating roll pressure well within the aforesaid
pressure limits.

Let it be assumed that a breal in the paper
sheet 1§ peeurs, 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 oo-
curs, the rate of condensation in the indicacing
roll €2 ig immediately reduced, and since a con-
stany steam input of 460 pounds per hour is being
fed to the roll as governed by the controller 65,

‘ When
the steam pressure increases to 7 p. 8. 1., the out-

but pressure in the master controller 85 decreases

to 3 p. s. 1., at which pressure the gap switeh 150
completes the circuit through the conductors 160
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to energize the solenoid of the valve {35. The
valve member {40 is therefore raised to open the
vort {22 and close the port 141, whereby the out-
pub pressure from the contwllez* 65 is cut off
from the diaphragm chamber 87 of the steam
valve and the output pressure from the master
controller &5 is connected thereto. Since the
output pressure of the master controller 85 is at 3
. 8. i. at this time, the steam valve 8% will im-
medlatew ba octuated towards closed positicn
and the giream pressure in the pipe 51 below the
orifice 70 will be immediately increased to the
pressure of 20 p. s. I. maintained by the valve %%.
Thus the rate of flow controller 65 will be rﬂn-—
dered ineffective and the master controller 85
will continue to gevern the valve 36 uitil its oub-
pu.t pressura again reaches 9 p. §. 1. And sincs
the master controller 25 is sei to maintain a prés-
sure of 5 D. s. i. on the said roll and the steam
flow now required to maintain this pressure is
relatively small, being just enough 1o take care
of the condensation caused by the heat transier
cccasioned by a feit when employed and herein
not shewn, and py the atmosphere, the outpud
pressure in the master controller will he just
enough above the pressure of 3 p: S. i for the
purpose and will be well below the mid pressure
of 9 r. 8.1, Therefore the solenoid valve 133 will
remain energized and the steam valve 68 will con-
tihue to be governed by the master conitroiler £9.
In the meantime the drorp in outhut prassure Cf
the master controlier wiil also function to aciu-
ate the nneumatic set 25 of the pressure controller
280 to the low end of its pressure rangs. On ine
assumption that thie range is adjusied to he on =
1009% hasis, the controller will immediately be

reset abt o point to cleose the steam valve 21 i m,ﬂ
 the excess heat in the rolls has been removed 2y
condensation resulting from the transfer of heat

occasicned by atmospheric conditiong and, when
g felt is emploved, by the nroisture content of the
felt. After the execess heat has thus keen re-
moved, the continued transier of heat causes the
pressure in the indicating roll to drop below 7
r. 8. i, thereby increasing the output pressure of
the master controller 85 sufiiciently to open the
valves 85 and 21 and vrovide the preoper amount
of heat to ineet the aforesaid conditions. Thére-
after the control will continue to function in this
manner until the sheet is again paszed through
pht,. machine, When this occurs, as the moist
neétb passes over the indicgting mil g the steam
w*lde:tlbm more rapidly and the pressure starts to
drop to the setting of 5 p. s. i. The outpul pres-
sure from the master controller €5 thereupon in-
creases from IS f@u 18Y pressure, and when the
pressure reac ¢ p. 8. 1., the solenoid valve is
again deener gzze-_.i. Thus the master controiier is
cut off from the chamber 87 of the valve 6% and
the valve is again governed by the rate ¢of flow
controller &5, By this means a constant steam
input to the indicating roll of 400 pounds per
hour is azain provided and the pneumatic set
mechanism 28 of the pressure controller again
varies the pressure setting on the main dwmﬂ'
section avound the m%nual set point of Z5 p.
Referring to Fig. &, there is shown 4 *noml d
arrangement wnerein the apparatus emiodyin
this invention is illustrated as applied to sheet
moisture control mechanism of the type whieh
varies the conirel sefbing of a convroiler fo1 vary-
ing the heat value tc 2 main drying section of
the machine by responding to chariges in the rate
of flow of steam. to the indicating drying section.
In this arrangement the pressure controlier 28
is 0f sirnilar construction to that sHoWwn in Fig: 1.
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It compmses the spiral ¢oil 22, th_e proportioning
device 25, the nozzle and fapper 23--24, and the
nneumatic réset mechanism 25, The controlle
728 Tunctions together with the valve 24 to fﬂaii‘i-
tain a set pressure in the header 2 as provided
by the manual set mechahism 54-—27 and by the
reset mechanism 28 in a manner to be deseribeéd.

Means for resetting the contiol point of the
controller 28 in response to changes in the rate
of’ steam condensation in the indicafing roll 60
ig in the form of the raté of flow Méasuring in-
strument 88 wheréin the parts are shown in the
reverse position from that illustrated in Fig. 1.
This includes the Heréiyy mdnometar 87 stiit-
ably filled with mércury 88 siipporting the foat
12 which is in operative ¢onneéétion with the fdap-
per ¥8 by mesng of thé 1evef 18, Thé flapoer 78
i;., mvomi y cu*}ﬂec[,ed at 18 ta the nmpergmnmg

- -.--..

P Lrmy oo

regeivas a rﬂgulated flm'i 'Gressum FhlGh""h 'thﬂ
restriction 2% iA a pits 84 Which in thin connects
with the nozzle liné §3 and with thée pipe 88 comt-

municating with thé ifiterior of the bellows 83

of the proportioning device 1. The madriometer
87 is connected with the conduit &f leading uo
the indicating roll 68 by means of the pipes §9
anid T4, but in this édse thé pipe §9 is connscied
with the conduit 61 downstféarn of the orifice
T8 dnd the pmm 1{ is conneécted with the conduit
upsiteaimn of thé £aid orifice; Thus the action of
the instiument §5 iz réversed from that shown
in Fig. 1.. An inciease in flow in the conduit 5§
provides a proportiongl increase it the pressure
dx 0)9] BL.rlu&S the orifice 78, thereby raising the float
i2 and moving the fappér 8§ towards the nozzle
‘?‘? tO provide a proportienal increase in output
prezsure In the line 83. On the other hand, o
reduction in flow in the conduit 5§ decreases t.hﬂ
pressure drop across the orifice 78, thereby caus-
ing the fiocav T2 to move down and raise the flap-
1 out~
put pressure in the line 83 occurs. The cubtpub
pressure lineg 83 communicatés with the interior
of tlie output pressure beliows {19 of the pheu-.
matic resét device 26 by means of a pipe 289
whicn inciudes the solenoid operated three*vmy--
vaive 189 of similar construetion: to the valve
heretofore descrived, and normally providing a
passage for fiuid through the pipe 488. The con-
dulv 6 is provided withH the reducing valve 80
wnich maintging o counstant steam pressure up-
stream of the orifice T2, and is also provided
downsiream of s2id ¢r mce 7ivh the vaive 86, (0 he
governed in a manner to be described.

i operatvion, an increase in moisture in the
snneet prassing over the roll &) causes a propor-
tional increase In the rate of steam congdensa-
tion In the said roil; thereky resulting in an in-
crease In the rate of flow through the orifice 18.
The increase In flow creates an increased nres-
sure drop across the orifice, thereby raising the
float 12 and providing a proportional increase in
cutput pressure in the line 83, ih the pipe 2868,
and in the bhellows i of the reset device 286.
The bellows ({8 thereupon expands and moves
And since
the coil 22 turns the arm 38 clockwise t raise
the flapper 24 on an increase of pressure on the
header (2, & higher pressure in the header is
required to bring the flapper into a throttling re-
lation with the niozzle 23. Thus the pressure get-
ting of the conftroller 2§ is rdised by an amount
generally proportional to the increase in the rate
of steam Condensation in the roll 69 and there-
fore to the increase in sheet thoisture. It will pe
understood that on & decredse ifi 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 oi
the controller 65 and in the reset bellows (10 of
the controller 20. Thus the bellows {10 con-
tracts and raises the fapper 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 &f 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 8 in a manner to gov-
ern the moisture content of the sheet passing
throcugh 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 bhecoming overdried or
underdried when it is again passed through the
machine.,

For this purpose I provide the valve 66 in the
conduit 61 downstream of the orifice 70 as in the
preferred form of device shown in Fig. 1. How-
ever, instead of governing the valve 66 by the
rate of flow instrument 65 as shown in Fig. 1,
the valve is coverned by the controller 85 which
is of similar construction to that shown in Fig.
1. As in PFig. 1, the coil 96 of the controller 8%
is responsive to changes in pressure in the con-
duit 61 downstream of the valve 66 by means of
the pipe 99. And as therein described, an in-
crease in pressure in the roll 60 causes the coil
¢5 to unwind and move the flapper 10! away irom
the nozzle 102. Since the nozzle 102 is supplied
with fluid by the pipe 106 through the restriction
{07, a proportional decrease in nozzle pressure
results in the output pressure pipe 106!. In the
arrangement herein shown, the cutput pressure of
the controller 95 in the pipe 18§! is connected
with the diaphragm chamber 871 of the reverse
acting valve 66 by means of a pipe 20f. Thus
an increase in pressure in the roll 68 results in a
proportional decrease in output pressure in the
diaphrasm chamber 81, thereby causing the valve
66 to throttle the flow of steam to the roll 60.
And when a decrease in pressure in the roil 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 66 to 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 (G5! with the connection {38 of the
three-way valve i35. For this purpose a pipe
26f! is emploved which connects the pipe 20l
with the valve. The three-way valve {35 is Op-
erated by the gap switch {55 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 85 with which it is connected by the
pipe 83.

In deseribinge 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 9% is set to
maintain a pressure of 6 p. s. i. in the indicating
roll 68 and to provide an output pressure of 3
p. s. i. when the roll pressure is 7 p. s. i. 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. 1. at a
steam flow of 375 pounds per hour. ILet 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. 1. 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 assumpticn that the gap switch {50 ener-
cizes the solenoid 144 of the three-way valve
{35 at this pressure, the reset bellows {10 will
be disconnected from the instrument 65 and will
be connected with the pipe 201! which communi-
cates with the output pressure line 1961 of the
controller 95. Since the output pressure of the
controller 85 is now at 3 p. s. i., the valve 66
will be closed and the pneumatic set mechanism
28 will function to close the main steam valve 21.
Thereafter the controller 95 will conftinue 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 130 to deenergize
the solenoid of the three-way valve 13% 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 9%
from the pneumatic set mechanism 26 of the
controller 20 and again connecting the rate of

flow instrument 65 thereto. Thus the controller

85 will continue to maintain a pressure of sub-
stantially 6 p. s. i. in the roll 60 and the instru-
ment §5 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 I
claim as new therein and desire to secure by
Letters Patent of the United States is:

. In-a control mechanism for governing the
'_ met_ input to a sheet material drying machine
to maintain the moisture content of sheet ma-
terial passing thevethrough at a seiecved value
and to reduce the heat input tc a selected velue
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
-__mmsture indicating section, first means Ior vary-
ing the S‘upply of heat to the main drying section,

10

15

.n, tondult having a source of steam supply ang -

connected with the said indicating section, sec-
_ond means responsive to changes in steam flow
through said conduit, said changes being in pro-
portional relation to changes in the rate ox steam
cendema,tmn

20

in the said indicating section, -

third means responsive to changes in the rate |

of steam condensation in the said indicating sec-
tion, one of said second and third means being
in-operative connection with the first means for
varying the supply oi heat to the main section
in -proportional relation to said changes. in the
rate of steam -condensation, and mechanism re-
- sponsive propertmnelly to sald changes in the
rate of steam condensation and activated when

the rate of steam condensation drops below &
- 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 drymg section to saig selected

value.
2. In a conirol meche,msm 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 a period when the material is ol 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 mam drying sec-
tion, a conduit having a source of steam supply
e,nd connected with the indicating section, a
restriction in said conduit, second means respon-
_-.swe to changes in steam flow through sald 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 conduit downstream of said restriction, third
~means responsive to changes in the rate of steam
" condensation. in the indicating section, cne of
. said-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 mechanisin responsive propor-
‘tionally to said changes In the rate of steam
condensation and activated when the rate of

steam condensation grops below a pred etermined

yvalue to transfer the control fror: one of said

.gecond and third means to the cther of said

- second angd third means {o reduce the heat
. value of the main drying -section 10 e.ad selected
'value, |
3. Ina- eentrel mechanism fer governing the
heat inpub to a sheet material-drying machine 0
maintain the moisture content of sheet material

_ passing therethrough at a selected value and to
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reduce the heat input to a selected value during
s period when ‘the material is off the 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 su»nply of heat to the main drying section, a
conduit having a source of steam supply and con-
nected with the indicating sectlrm a restriction
conduit, second means Tesponsive to
changes in steam flow threugh said restriction,

L_sam changes being in pmportmnal relation to
changes in the rate of steam condensetlon in the

indicating section, a valve in the conduit down-
stream of said restrletmn and a velve in the con-
duit upstream ej. said restriction, third means

responsive to changes in the rate of steam: con-
densation in th

1”1dlcat1ng ‘section, one of said

second and third means bemg in operetwe ‘con-
first means for varymg ‘the sup-

relation to the ecud changes in the rate of steam
condensation, and at least one of said second and

“third means keing in operative cennectlon mth

one of said valves, and mechanism lesponswe
proportionally to seld chenges in the rate of steam

‘condensation and ‘activated when the rate of

steam condensation drops below 2, predetermmed
value to transfer the contrel from one ol sald
second and third means to. the ether of said sec-
ond and third means to reduce the heat value of
the main drying section to seld selected Velue

4. In a control meehemsm for governmg the

heet input to a sheet matenel drying machine

to maintain the mmsture content of sheet mate-
rial passing therethrough at a'selected value, sald
machine including a main drying section-and a
sheet moisture mdwatmg seetion, -and each of
said sections being in heat transfer reletmn ‘with
the said sheet materla,l first means for varying

Theat from a source of supply to the main section,

second means maintaining ‘a constent rate ‘of

heat input from a source of supply to the ‘sheet
‘moisture indicating section, third. means respon-

sive to a change in the rete of heat trensfer in
said sheet mmstule mdlcatmg section and ' in op-
erative connection with said first means to vary

" the supply of heat to the main ‘section in propor-

“tional relation to ‘the said change in the rate of

.....

‘heat transfer, and mechanism in operative con-
nection with said second and third means respon-

sive pmportmneﬂly to said changes in the rate of

heat transfer and activated when the said rate

of -heat transfer drops below 'a predetermined

“walue to limit the control to said third means ior

yarying the heat input during-a period when the

said rate of heat transfer remems belew a pre-

determined value.
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5. In o control mechanism for governing- the
heat input to a sheet maferial drying machine

to maintain the meisture 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
<aid 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 valuetherein, second means main-
‘temmg g, constant rate of heat input to the-sheet

moisture indicating eectmn third means respon-

-sive to changes in the rate of heat transfer in

70

-the-sheet moisture-indicating -section: to vary the

heat ‘value maintained n -said main section in

- proportional relation to- seld changes in. the rate
of -heat transier, and. mechanism respensrve Pro-
portionally to changes in the said rate of heat

75

-traflefer and in Operatwe assecz.etmn Wlth sa1d
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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 onerative connection with said control roint
setting means for varyving the heat valuve 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 ang in
operative association with said second and 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 inbut to a sheet material dryine machine to
maintain the moisture content of sheet material
passing therethrough at a selected value, said
machine including a main drying section and a
sheet moisture indicating section, and each of
sald 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 4 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 wvalve 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
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moisture indicating section until the said rate of 70

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 heing 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 {o the main section, a second conduit
having a source cf steam under pressure provid-
ing a suppiy of steam to the sheet moisture indi-
cating section, g 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
salid first valve to maintain a =selected heat value
in said mailn section, a restriction in said second
conduit, a second valve downstream of sald
restricvion, a third valve upstream of said restric-
tion, a second controllier 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
cperative connection with said first controller for
varying the heat value setting of said first con-
troller i1 proportional relationm 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-
erining the heat input to a sheet material drying
machine to maintain 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-
fion 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 flrst fluid
pressure operated valve means in said first con-
duit, a first controller responsive to chaneges 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,
e second controlier having a source of fluid pres-
sure and responsive to changes in the rate of flow
through said second conduit to provide variations
i 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
coniroller 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-
tional 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 | va:rmng +the controller setting in: proportmnal
relation to said changes in the rate of steam con-
‘densation, a second fluid line connecting-the out-
put pressure of said third controller with sald
second valve means, a third valve- means govern-
‘ing fluid flow-through each of said fiuid- lines, and
‘mechanism responsive proportionally to changes
in the said rate of steam condensation and in
operative connection with said:third valve means
t0 open said first fluid line and close said: second
‘fluid line when the rate of steam condensation
‘exceeds a predetermined value-and to open said
second fluid line and close said first fluid line
when the rate of candens:xt;on drops bﬂlow 8 pre-
determined value. -

10. In a control mechanism for gover ning- the
heat input to 2 sheet material drying machine
to maintain the moisture content of sheet ma-
terial passing therethrough at 2 selected value,

said machine including a main drying section

and a sheet moisture indicating section, and eaci
of said sechions 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 connecied with
the sheet moisture indicating section, second
means responsive to changes-in the rate of heat
input to the sheat moisture indieating section and
in operative connection with said first means to
vary the heat supplied to the main sectwn in
J,proportmnal relation to the said changes in the
rate of heat input, third means responsive 1o
changes in the rate 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 transier and
activated when the said rate of heat transfer
drovs below a predetermined value to limit the
control to said third means for varying the heat
input during a period when the said rate oi 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,
«aid 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 conduitl
having a source of steam under pressure provid-
ing a supply of heat to the main section, a sec-
ond conduit having a source o1 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 toO
the main section, a first controller having a
source of power and responsive to changes in
heat 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
Aow through said restriction, 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 conneciion
with one of said second and third valves to vary
the rate of steam fAow 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 either one or the other-of the said

second and: third controllers with the said. ﬁrst

contreller to vary the heat value maintained inh
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 second controller with the first controller
and when the said rate of steam condensation
‘drops below a predetermined value to operatively
‘econnect 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
;machmc mcludmg a main drying section and a
-sheet moisture indieating section, first-pneumat-

ically operatﬂd control means having a source
of fluid pressure for governing the heat input

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

ply to the moisture ‘indicating section, a re-
striction and a- pneumatmally operated valve in

‘said conduit, second pneumatically operated eon-

trol means varying fluid operating pressure from

‘a source of supply in proportional relation to
"c‘mnghs in steam flow through said 188131‘10131011

third pneumaumahy operated conirol means
varying fluid pressure from a source of supply in

proportional relation to changes in the rate of

steam condenssation in the sheet moisture indicat-

ing section, a pneumatically -operated control

point setting deviee governing the control setting
of the first control means, a first fiuid 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 contrel means, and a third fluid 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 fiuid 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
the second filuid line and close the first fluid
line.

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 meoisture indicating section, g re-
striction and a pneumatically 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 pneumartically operated control means vary-
ing fluid pressure from a source of supply in
proportional relation to changes in the rate of
steam 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 cone-
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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 fo 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
source of supply to the sheet moisture indicat-
.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-
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dicating section, 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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