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This invention relates to control mechanism 
for 2Se in connection with drying machines corn 
ingrily employed 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 to 
means which coact with the inoisture control 
mechanism in a nanner hereinafter to be de 
scribed to reduce the temperature of the drying 
inachine during an interval that no sheet na 
terial is passing therethrough as may be occa 
isioned, for example, by a break in the sheet ma 
terial. When the material is again introduced 
to the inachine, the mechanism also functions to 
return the drying temperature to such value as 
may he required to provide a predetermined sheet 
inoisture 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 therefronto the sheet when 
again instroduced to the nachine is avoided. 

D'ying in achines of the type referred to con 
pirise a plurality of heating elements, usually in 
the for:2 of rotating druins or rolls, commonly 
Riri'anged in one or more main drying sections, 
GWar Which the material passes froin the so-called 
Wet end to the dry end of the machine, it being 
linderstood that the material being dried by ma 
chines of this type may be in the foria of solid 
sheets such as paper, felt, cloth or the like, or 
Jay Coinsist of sheets in the form of strands as, 
for exainple, are connonly termed the warp in 
the nanufacture of cloth. And the control 
mechanish 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 
i"educe the moisture centent of the sheet, material 
passing filrough the machine to a predetermined 
value. More particularly this invention relates 
to that type of sheet drying control mechanism 
whereiin one or more drying rolls associated with 
a main drying roll section are used to reflect or 
indicate changes in sheet moisture, to whic 
'changes the mechanism embodying this invention 
responds and Varies the heat input, as for ex 
ample Steam, to a, inain section of drying rolls 
as 'equired to naintain the desired moisture coin 
te; it ill the sheet as it leaves the achine. In 
controls of this type it is customary to supply 
stear to the indicating roll or rols independently 
{f the Stean Sugpied to the main drying reli 
Section, and by responding to changes in the rate 
of condensation of stearn in an indicating roll, 
Cccasioned by changes in the moisture content 

15 

20 

25 

30 

35 

40 

45 

53 

2 
of the sheet passing over the roll, the flow of 
steam to the main drying roll section is varied 
for the purpose of retaining the desired sheet 
moisture content. And the mechanism herein 
ShoWin and described functions together With 
Control mechanism of the afore-nentioned type 
to decrease the heat input to the machine when 
a break 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 time the 
heat input is again raised to such value as is re 
guired to maintain a selected sheet moisture con 
tent. 
A preferred form of control mechanism en 

bodying this invention is herein shown and de 
Scribed, 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 
nea.Sired 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 Tetters Patent filed Octo 
ber 10, 1951 under Serial No. 250,706, of which 
I an a ca-inventor. And a nodified form of 
control mechanism embodying this invention is 
also shown and described, whereiin changes in 
the rate of steam condensation in the indicating 
roll are measured by changes in the rate of flow 
of steam to Said rolli. 

It is an object of this invention to provide an 
improvement in control mechanism for maintain 
ing the moisture of sheet in atterial 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 period. When no material is passing 
therethrough, thereby preventing the sheet from 
becoming 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 
changes in Iloisture 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 to the said 
inain drying section and thereby maintaining a 
predetermined sheet moisture content, in combi 
nation with automatic means which function with 

is the aforesaid inechanism to reduce the heat input 
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to the machine when a break in sheet material 
occurs to maintain the said heat input at a suit 
able value to prevent damage to the sheet na 
terial when again introduced to the machine, and 
thereafter to return the heat input to Such value 
as may be required to provide a selected sheet 
naoisture content. 

It is an object of this invention to provide a 
first means for governing the input of heat to a 
iain drying section of a sheet moisture drying 
machine, a second means for measuring the rate 
of condensation of steam supplied to a sheet 
moisture indicating section of Said machine fol' 
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 thereto, 
and thereafter to increase the heat input to Such 
value as may be required to again maintain a 
selected sheet inoisture content. 
While there is herein shown and described a 

preferred form of control mechanism wherein a 
controllier 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 
be understood by those skilled in the art that 
the 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 rollis 
of said section; and it will be further understood 
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 a 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-nois 
ture load, various well-known means may be 
employed without departing from the Spirit of 
this invention. Further objects and advantages 
of the invention will be apparent from the foll 
lowing description when taken in connection 
With the accompanying drawings in Which 

Fig. i 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 construction of the mechanism shown 
in Fig. 2; 

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

Fig. 5 is a diagrammatic view of a modification 
of the construction shown in Fig. 1. 

faving reference to the drawings and particu 
13:ly to Fig. 1, there is illustrated a portion of a 
drying roll Section, generally indicated at 9, of a 
paper dying machine. The section 9 includes a 
plurality of rolls O which are connected in the 
uSual manner by pipes with a main steam 
header 2, Supplied from a source not shown, by 
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4 
a conduit 3, and are also connected by means 
of condensate pickup pipes, not illustrated, and 
pipes f4 with a condensate conduit 5 leading to 
a separator, also not shown. The drying rolls 

are rotated in unison by means not illustrated, 
and are engaged by a paper sheet 6 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 0 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 0 to provide the temperature required to 
reduce the sheet moisture content to a predeter 
mined value as the sheet leaves the machine is 
herein illustrated as a pressure controller, gen 
erally indicated at 20, which functions in con 
nection with a motor valve 2 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 Sin 
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 
26. While the controller is shown without a 
booster pilot for speeding up the motor valve 
action and without a reset bellows or its equiva 
ent for eliminating so-called drift, it will be 
understood that either or both of these devices 
inay be employed if desired. 
The Bourdon coil 22 is mounted With One end 

secured to a circular back plate 27 which in turn 
is rotatably mounted on the controller back 
plate indicated at 271. The spiral coil is pro 
vided with a central shaft 28 journalled in the 
plate 2 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 28 which in turn is in operative connec 
tion with the free end of the coil. The fixed end 
3 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 
OCCU.S. 
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 
36 having a fixed mounting 3 to which one end 
of the belows 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 4 f, 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 which is proportional to the 
fluid pressure in the bellows 36, the overall bel 
ows 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 
46 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 3G and the parts are SO 
arranged that an increase in fluid pressure in 
the steam header 2 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 2, the opposite 
OCCU.S. 
The motor valve 2 ?, 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 2 is of the reverse acting type. It has a 
Yalve member 49 connected with a stem 5) which 
is actuated by a diaphragm 5 defining one wall 
of a fluid pressure operating chamber 52, the 
pressure in which is opposed by a spring 53. The 
diaphragm chamber 52 is connected with the 
controller piping 33 and 34 by means of a pipe 
341, the valve parts being arranged so that the 
valve member 9 moves toward closed position 
On a decrease in operating pressure. Thus when 
the pressure in the steam header 2 increases or 
decreases, the pressure in the nozzle 23 decreases 
or increases respectively in proportion thereto, 
thereby providing a proportional throttling ac 
tion to the valve, and varying the flow of steal 
to the header f2 in a direction to return the pres 
Sure in the drying rollis 0 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 assuined by 
the flapper in relation to the nozzle and that this 
in turn depends both on the radial position a S 
suined by the coil arm 3 at a selected pressure 
in the header 2 and on the vertical position of 
the pivotal connection g6 between the lever 46 
and post 4 of the pneumatic reset device 26. 

Suitable means for manually adjusting the 
radial position of the coil arm 33 is in the form 
of a hand operated gear 54 which meshes with 
a toothed section 55 on the plate 27, the pipe 
32 being provided with a flexible portion 56 to 
permit the coil to 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 set 
ting device just described functions in connection 
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 57 
on which the nozzle 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. 

6 
pipe 34 is provided with a flexible portion as 
indicated at 53. 
The apparatus just described illustrates a sin 

ple form of control mechanism for governing the 
waive 2 to maintain a set pressure in the header 
2 and functions with apparatus to be described 

to vary the pressure setting and thereby the roll 
temperature as required to maintain tie moisture 
content of the sheet as it leaves the nachine 
at a selected value. And it will be understood 
that while there is shown a pressure controller 
by Way of illustration, a temperature or rate of 
flow controller inay be equally well utilized, the 
Object, being to provide a roll temperature Such 
as may be required for the purpose. 

In the for in of control apparatus shown in Fig. 
i means are provided for responding to ininute 
changes in sheet moisture by maintaining a con 
stant rate of Steam input into a moisture indicat 
ing roll section, herein shown as a roil 89, and 
responding to pressure or temperature changes 
in the Said rolli or to temperature changes at the 
roll surface. Fol this purpose, the roll S is pro 
Wided With a separate steam supply through a 
conduit 6 fron) a Source not shown, and with 
means for renoving the condensate as by an 
internally mounted condensate pickup pipe, also 
not shown, which connects with a condensate 
discharge pipe S2 having a stean trap 53 which 
in turn continunicates with a discharge conduit, 
64. Steam flow through the supply conduit 8 
is maintained at a constant selected rate by 
means of a rate of flow controiler, generally in. 
dicated at 35, which functions with a notor valve 
66 for this purpose. The rate of flow controller 
65 may be of any suitable construction and as 
herein shown comprises the usual inercury ma-. 
nometer 8 suitably filled with mercury 38 and 
having a connection 9 upstream of an orifice 

in the conduit 6i and a connection down 
strean of said orifice. A float 2, pivotally con 
nected at 3 to one end of a lever & having a 
pivotal mounting 13 in the manometer casing, 
serves to rotate the lever about the pivotal in Ount 
ing on a basis which is substantially proportional 
to changes in the pressure differential across the 
orifice and therefore to changes in the rate of 
steam flow. The other end of the lever 8 has a 
pivotal connection with a flapper operating arrin 
6, a locking member being provided for carnp 
ing the arm in any rotary position desires. The 
free end of the ai'ia F6 engages one end cf a giap. 
per 8 pivotally connected at 79 to a post 8 of a 
proportioning device i similar in construction 
to that described in connection with the pressure 
controller 2. The siapper 8 cooperates with 
a nozzle 82 which receives a regulated pressure 
supply of operating fluid through pipes 33 and 
84 from a source not shown, the latter pipe hav 
ing the usual restriction 85 so that the pressire 
in the nozzle is governed by the relative position 

re- A pipe 86, in 
which a three-way valve 35 is mounted, serves 
to connunicate the nozzle with the diaphragn 
chamber 8 of the motor valve 66 which is of 
the reverse a2ting type and is of silhilar constituc 
tion to the noto: "Waye 2 nounted is the steal 
conduit 3 supplying the main drying roi section 
9. A second gipe 83 connects tine nozzie with 
the bellows 8S of the proportioning device Si 
which provides a proportioning action as gov 
erned by the rate of a Spring 9 in the same main 
ner as the proportioning device 25 leis: red to 
above. In operation, an increase in flow through 
the orifice 8 creates a proportional increase in 
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differential pressure across the orifice. As this 
ccurs the float 72 moves down with the level of 

supporting mercury, rotates the lever 4 counter 
clockwise and noves the flapper 8 away from 
the nozzle 82 to decrease the in Ozzle pieSSill'e. 
Thereupon the proportioning bellow's 89 contracts 
and returns the flapper to a throttling relation 
at a reduced nozzle pressure. The motor valve 
is throttles the steam fiow to the roll to main 
tain the pressure drop across the orifice and 
therefore the late of flow at a Substantially con 
stant value as determined by the control Setting. 
The control setting is determined by the initial 
position of the flapper 8 in l'espect to the iO2:21e 
82 and as herein illustrated the Setting Inay be 
wai'ied by locking the operating arm G at any 
desired angle to the float operated lever 4. 

It is important that a constant rate of flow 
be accurately maintained since changes in flow 
introduce errors in the response of the mastel' 
controller to be described and there is therefore 
preferably provided means for maintaining a 
constant pressure upstream of the Orifice (), 
thereby restricting any tendency of the pres 
sure to change to that portion of the conduit 
6 which is downstream of the Said. Orifice. Fol' 
this purpose a reducing regulator 9 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 
and 66. It is mounted in the conduit St up 
stream of the orifice 19 and has a diaphragal. 
chamber 9, which is connected. With the co 
duit on the downstream side of the valve by 
means of a pipe 92. The pressure in the dia 
phragm chamber 9 is opposed by a Spring 93 
which may be tensioned to provide a Selected re 
duced pressure on the upstream side of the Ori 
fice 79, and since an increase of pressure tends 
to close the valve and a decrease in pressure tends 
to open it, the valve functions to maintain a 
substantially constant pressure upstream of the 
Orifice. 
As shown in Fig. 1, the indicating roll 6 is ill 

contact with the paper sheet f 6 as it leaves the 
main drying roll section 9, and since the l'Oll 
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 
tire 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 l'Oll. 

Referring again to Fig. 1, a master controller, 
generally indicated at 95, 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 a spiral coil 96, hav 
ing a flapper actuating arm 97, and a manu3. 
control reset mechanism generally indicated at 
98 both of which may be similar to the coil 22 
and manual reset 54-2T described in connec 
tion with the pressure controller 29. The mas 
tel controller also has a proportioning device 
CC of similal construction to the proportioning 

device 25, shown in connection with the con 
troller 20, together with a flapper Of which is 
positioned by the coil arm 97 and proportioning 
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8 
device 00 in respect to a nozzle 2. Since the 
nozzle O2 is herein shown as being mounted 
above the flapper 0, the bellows C3 and Spring 
C4 are in the reverse position from that shown 

in the controller proportioning device 25. A 
sensitive adjustment 05 likewise similar to that 
in the controller 20, is also provided. The fixed 
end of the coil 96 communicates with the steam 
conduit S 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 C2 is connected with a regulated pres 
sure supply of fluid from a source not shown 
through a pipe O6 having a restriction 07 of 
less capacity than that of the nozzle, pipe O6 
being connected with a pipe 061 which con 
municates with the nozzle. A connection f O8 
between the pipe f G61 and proportioning bel 
lows 83 serves to communicate the nozzle preS 
Sure to the interiol Of the bellows 3 in the 
usual manner. It Will be underStood that a de 
crease of pressure in the roll 69 and therefore 
in the coil S6 causes the coil to wind up, thereby 
turning the arm 97 counterclock Wise and now 
ing the flapper of towards the nozzle 02 to 
increase the nozzle pressure. The resulting ex 
pansion of the bellows 93 moves the flapper 
away from the nozzle and l'eturns the parts to a 
throttling relation to provide an increase in the 
nozzle pressure in the pipe f8, or in other words 
an increase in the master controller output pres 
Sure, on a basis which is proportional to the 
decrease in roll pressure. And since a l'elative 
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 chainges in the output pres 
Sure, which changes may be utilized to goveri). 
the pressure in the rolls ( 9, preferably by re 
setting the control point of the pressure control 
instrument 20. 
The control point resetting device 26 has a 

bellows to having a fixed mount if through 
Which the interior of the bellows is connected 
With the master controller output pressure pipe 
661 by means of a pipe f2. The post 47 on 

which the lever 46 is pivotally mounted as here 
inabove described, is secured to the free end 3 
of the bellows and to a disc f4 between Which 
and a fixed member 5 an expansion spring 
f6 is confined. Since the vertical position of 
the pivot 45 determines the control setting of 
the controller 20 in respect to the setting estab 
lished by the rotary position of the coil ar 
30 as provided by the manually operated gear 
54, the bellows 0 functions to way the control 
above and below the value established by the 
manual Set mechanism on a, basis which is in 
Versely proportional to changes in roll 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 0. 
This increase in output pressure expands the 
bellows proportionally thereto and corre 
Spondingly lowers the pivot 461 by an amount 
determined by the rate selected for the spring 
f6. Thus the ever 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 understood 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 order to record changes in sheet moisture 

and in the pressure in the roll 60, there is pro 
vided a recorder, diagrammatically shown at 
| 5, which may be of any usual construction and 
is preferably of the two-pen type. One pein, 
indicated at 61, is responsive to changes in in 
dicating roll pressure as reflected in pipe 99 to 
which a Bourdon coil, not shown, by which the 
pen is operated, is connected by means of a pipe 

. The other pen 8 is operated by a Bourdon 
coil, also not shown, which connects with the Out 
put pressure pipe 2 through a pipe 9. By 
means of a double range chart 22, rotated in 
the usual manner by a clock not showin, and 
representing both pressure and sheet linoisture 
deviation, the roll pressure is directly recorded 
by the pen 6, and changes in sheet moisture 
are indirectly recorded through changes in the 
master controller output pressure by pen 8, 
which last mentioned changes are proportional 
to changes in the roll pressure and therefore to 
changes in sheet noisture content. 

Fig. 2 illustrates an alternate construction 
wherein the transmitter coil 96 responds to the 
internal temperature of the roll Se instead of to 
the roll pressure as shown in Fig. 1. The roll 
69 to which the steam supply pipe 6i 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 26 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 
f 25 extends into the interior of the roll & and 
is sensitive to changes of temperature therein. 
The operation of the master controller 95 is 

substantially identical to that described in Fig. 
l, wherein the master controller responds to 
changes in the roll pressure. Since the tempera 
ture in the roll Ge varies with the pressure when 
a change in sheet moisture occurs, the same rela 
tively wide band of indication is provided. This 
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 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 69 
which is engaged by the sheet 6, the roll 60 be 
ing connected with the steam inlet conduit 6 
and the discharge pipe 62 as hereinabove de 
scribed. For this purpose a surface tempera 
ture measuring device 3 of ainy Well-known 
suitable construction is employed, preferably a 
measuring device of the type shown and described 
in the application for United States Letters Pat 
ent of Andrew E. Bennett and Daniel S. BioW), 
filed February 16, 1951, under Ser. No. 211,336. 
The measuring device 30 may be mounted On a 
stand 3 at the cylindrical surface of the roll 
68 and at a selected position on that portion of 
the surface which is engaged by the paper sheet. 
A capillary tube 261 which corresponds to the 
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tube 26 in Fig. 2 is connected to a bulb. 2 in 
the measuring device f30, a suitable expansible 
fluid being employed to vary the fluid preSSure in 
the coil 96 in response to changes in the roll Sur 
face temperature. s 

10 
In the operation of the device, the master con 

troller '95 functions in the same way as already 
described. Since a constant steain input is Sup 
plied to the roll 66, 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 
roll surface which is engaged by the paper sheet. 
This will be evident when it is noted that the 
change in sheet moisture initially effects a rela 
tively wide change in the Surface te?iaperature 
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 
moisture change. And it is equally clear that 
the relatively wide change in roll Surface ten 
perature effects a substantially corresponding 
change in roll 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 master controller is respon 
sive to slight changes in sheet moisture and func 
tions immediately to reset proportionally the 
control setting of the instrument 26 to vary the 
heat input to the drying roll Section 9 and main 
tain the sheet moisture content Substantially at 
a selected value. 
While the control mechanism hereinabove de 

scribed functions to maintain the sheet moisture 
content to within extremely close limits, it has 
been found necessary when a break in the sheet 
| 6 occurs and the sheet runs off of the machine, 
for the operator to manually reset the control 
mechanism to such lower pressure as is required 
to prevent overheating during the period when 
the paper sheet is not passing through the Ana 
chine and thereby overheating a considerable 
portion of the sheet when it is again introduced 
to the machine. And the mechanism to be de 
scribed functions with the control mechanisin 
set forth above to change the control from a con 
dition under which the drying machine is op 
erating under a sheet moisture load to a con 
dition under which the machine is operating 
without the sheet moisture load, and thereafter 
to return the control setting to the value re 
quired to provide the proper moisture content 
when the sheet is again passed through the ma 
chine. For this purpose the Solenoid valve 35 
is mounted in the output pressure line 86 from 
the controller 65 to the diaphragm chamber 87 
of the control valve 66. The valve 35 is of the 
three-way solenoid operated type and maybe of 
any well-known construction. As herein illus 
trated it comprises a body having connections 
36 and 3. Which connect with pipe 83 and a 

third connection 38 which connects with the 
output pressure line 881 of the controller 95 by 
means of a pipe 39. Within the valve body a 
double seated valve member 40 cooperates with 
oppositely disposed ports if and 42 and is con 
nected by means of a stem $3 to a core i34 which 
together with a coil 45 constitutes a solenoid 
generally indicated at 46 for actuating the waive 
member. The parts are arranged so that when 
the Solenoid is deemergized by means to be de 
scribed the port 42 is closed and the port 4 is 
open to connect the output pressure line 86 with 
the diaphragm valve 37 of the valve 66. On the 
other hand when the solenoid 48 is energized 
the valve member 49 closes the port ilgi and 
opens the port 42, whereby the output pressure 
line 951 from the controller 95 is connected 
through the pipe 39 with that portion of the 
pipe 86 which leads from the three-way valve 

  



1. 
to the diaphragm chamber 87 of the said valve 
66. Means for energizing the solencid is is 
in the form of an electric gap switch as helrein 
shown, generally indicated at 53, 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 50 is provided with a mercury 

tube 5 which is Secured by means of clipS 32 
(see particularly Fig. 4) to all operating innenber 
53 having a support 54 pivoted at 55 on an 

upright 56 secured to a cover 37 with which a 
bellows casing 58 is provided. The tube 3 
has the usual globule of mercury 59 and is SO 
arranged that when tilted clockwise past its holi 
Zontal position as viewed in Fig. 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 63 having contacts of Within the 
tube together with the coil 45 Surrounding 
the Solenoid core 44 form part of a circuit 
whereby the solenoid may be energized from a 
Source of electric cul'rent not shown. When the 
contacts 6 are surrounded by the mercury S9. 
Means for tilting the tube is is in the form 

of a bellows 62 disposed within the casing 58 
and Sealed to the cover 57 to provide a pressure 
chamber 63 externally of the bellows. Within 
bellows 62 is a compression spring 64 which 
is confined between the cover 5 and the free 
end 65 of the bellows. The casing 58 is pro 
vided with a connection 69 into which a pipe 3 
67 is threaded and communicates With the out 

put pressure line 33 of the master controller 
95. A rod 68, threaded at its Outer end as in 
dicated at 69, extends through an opening in the 
cover 57 and is attached at its inner end to a 
plate 70 which in turn is secured to the inner 
face of the free end 65 of the bellows. A pair 
Of nutS and 2 and lock nuts 3 are 
threaded on rod 68 and are Suitably positioned 
and spaced so that the operating member 53, 
which extends into the Spacing between the 
nuts, will be tilted clockwise by the nut it past 
its horizontal position at a Selected low pres 
Sure in the chamber 63, and Will be tilted coun 
terclockwise by the nut 2 past its horizontal 
position at a Selected high pressure in the said 
chamber, the pivotal connection 55 being pref 
erably provided with sufficient friction, as by a 
friction washer 551, to hold the tube 5 at the 
tilted position to which it has been actuated 
by the nuts 7 and 2. 

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 62 over this range of 
pressure change, and aSSuming further that a 
relatively high output pressure obtains so that 
the tube 5 f is tilted to the position shown in 
Fig. 1, wherein the electric circuit is broken and 
the solenoid 46 is deenergized, the nut T may 
be positioned so that when the output pres 
sure drops to 3 p. S. i. the nut fill has moved 
down to a position to tilt the tube 5 clockwise 
past its horizontal position to the position shown 
in Fig. 4. When this occurs, the mercury 59 
flows to the right, thereby completing the elec 
tric circuit. The nut 72 may also be positioned 
on the rod 68 So that when the pressure in 
creases from 3 p. S. i. to a predetermined value, 
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for example, 9 p.s. i., the nut 2 will be raised 
to a position to tilt the tube 5 counterclock 
wise past its horizontal position, whereup. On 
the mercury will fow 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. i. the Solenoid Will deemergize un 
til the pressure drops to 3 p. S. i. and thereafter 
the Solenoid Will reihain 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 S is passing through the 
machine, that the pleSSu'e Controller 20 is Set 
to maintain a steam pressure on the rolls 0 of 
25 p.s. i., that the valve 99 is set to maintain a 
steam pressure of 20 p.s. i. upstream of the ori 
fice 70, 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 assuming that the 
Output pressure range of the controllers is from 
3 p.s. i. to 15 p. S. i. and that the steam pressure 
obtaining in the indicating roll 60 is approxi 
mately 6 p. s. i., the master controller 95 may 
have its proportioning band 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 
Slire 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 to by the manually operated gear 
34. Again under these conditions the solenoid 
f46 of the valve 35 will be deemergized and the 
rate of flow controller 65 will be governing the 
Steam valve 66 to maintain a constant rate of 
flow through the orifice 70 of 400 pounds per 
hour. Also under these conditions changes in 
sheet moisture will be immediately reflected by 
changes in Steam pressure in the roll 60, 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 
tion 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.s. 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 p's SSule 
operating range is required to maintain the in 
dicating roll pressure well within the aforesaid 
preSSure limitS. 

Let it be assumed that a break in the pace 
sheet 6 Occul's, 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 oe 
cul's, the late of condensation in the indicating 
roll 6 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, 

Whe 
the steam pressure increases to 7 p.s. i., the out 
put pressure in the master controller 95 decreases 
to 3 p. S. i., at which pressure the gap switch 50 
completes the circuit through the conductors 60 
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to energize the solenoid of the valve 35. The 
valve member 39 is therefore raised to open the 
port 2 and close the port 4, whereby the Out 
put pressure from the controller 65 is cut of 
from the diaphragm chamber 87 of the steam 
valve and the output pressure from the master 
controller 25 is connected theiretO. Since the 
output, pressure of the naster controller 35 is at 3 
p.s. i. at this tii:1e, the steam Valve 66 will in 
mediately be actuated towards closed position 
and the sirean pressure in the pipe S below the 
orifice will be immediately increased to the 
pressure of 20 p.s. i. maintained by the valve $5. 
Thus the rate of flowy conticoller 65 Will ha reh 
dered ineffective and the naster controller 95 
will continue to govern the valve 66 until its out 
put pressure again reaches 9 p. S. i. And Since 
the master controlsr 35 is set to inaintain a pres 
sure of 6 p.s. i. on the said roll and the steam 
icy now required to raintain this preSSu'e is 
relatively Small, being just enough to take care 
of the gondansation caused by the heat trailsfer 
occasioned by a felt when employed and herein 
not shown, and ey the atmosphere, the outpit 
pressure in the naster controller will be just 
enough above the pressure of 3 p. S. i. for the 
purpose and will be well below the mid pressure 
of 9 p.s. i. Therefore the solenoid waive 35 will 
remain energized and the stean valve 6 Will coin 
tinue to be governed by the naster controller 95. 

In the meantine the drop in output preSSui'e (f 
the master controller will also function to actiti 
ate the pneumatic set 26 of the pressure cotti'oiler 
29 to 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 a point to close the steam Valve 2 until 
the excess heat, in the 'olls has been renoved by 
condensation resulting firon the transfer of heat 
occasioned by atmospheric conditions and, when 
a felt is enployed, by the moisture content of tile 
feit. After the excess heat has thus been 's- 
moved, the continued transfer of heat causes the 
pressure in the indicating roll to drop below 7 
g. S. i., thereby increasing the output preSSure of 
the master controller 95 Suficiently to open the 
waives SS and 2 and provide the proper annount 
of heat, to meet the aforesaid conditions. There 
after the control will continue to function in this 
nanner until the sheet is again passed througil 
the machine. When tilis occurs, as the noist 
sheet passes over the indicating rol. 68, the stea3. 
condenses more rapidly and the preSSure Starts to 
drop to the setting of 6 p. S. i. The Output preS 
sure froin the master controller 95 thereupon in 
creases from its fol'inner pressure, and When the 
pressure reacies 9 p. s. i., the Solenoid valve is 
again deemergized. Shus the master controllier is 
cut of from the chancer 8 of the valve 35 aid 
the waive is again governed by the late of CW 
controle S5. By this ineans a constant Steaia 
input to the indicating roll of 400 pounds per 
hour is again provided and the pneumatic Set 
mechanis; in 25 of the pressure controller again 
varies the pressure Setting on the main drying 
section around the nanual set point of 25 p. S. i. 

Referring to Fig. 5, there is shown a modified 
arrangement, wherein the apparatuS eniodyin 
this invention is illustrated as applied tig Sheet 
moisture control mechanism of the type which 
varies the control setting of a controller for valry 
ing the heat value to a main drying Section of 
the machine by responding to chainges in the rate 
of flow of Stean to the indicating drying Section. 
In this arrangement the pressure controlier 25 
is of similar construction to that shown in Fig, i. 
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It comprises the spiral coil 22, the proportioning 
device 25, the nozzle and flapper 23-24, and the 
pneumatic reset mechanism 26. The controller 
2 functions together with the valve 2 to rnail 
tain a set pressure in the header 2 as provided 
by the manual set mechanism 55-2 and by the 
reset mechanism 26 in a manner to be described. 
Means for resetting the contio point of the 

controller 20 in response to changes in the rate 
of steam condensation in the indicating roll 6 
is in the form of the raté of flow ineasuring in 
Struinent wherein the parts are shown in the 
reverse position from that illustrated in Fig. 1. 
This ingludes the niercury inanometer 6 suit. 
ably filled with mercury 68 supporting the float 
2 which is in operative connection with the flap 
per 78 by means of thé lever 76. The flapper 8 
is pivotaly Coirected at 79 to the proportioning 
device and cooperatés With the nozzle 32 Willich 
receives a regulated fluid pressure through the 
restriction 33 in a pipe 86. Which in turn connects 
with the nozzle line 83 and with the pipe 38 con 
municating with the iiiterioi of the bellows 83 
of the proportioning device 8 . The mainoinete 
6i is connected with the conduit 6 leading to 
the indicating Foll 63 by means of the pipes S3 
and i , but in this case the pipe 59 is connected 
with the conduit 63 downstream of the orifice 
is and the pipe is connected with the conduit, 
;Stieain of the Said Grifice. Thus the action of 

the instrument 5 is reversed from that shown 
in Fig. 1. An increase in flow in the conduit 6 
irovides a proportional increase in the pressure 

drop across the orifice, thereby raising the float 
i8 and moving the fiapper 78 towards the nozzle 
32 to provide a proportional increase in output 
pressure in the line 83. On the other hand, a 
eduction in flow in the conduit 5 decreases the 
pressure drop across the orifice {, thereby caus 
ing the float 2 to move down and raise the flap 
per 8, whereby a proportional reduction in out 
put pressure in the line 83 occurs. The output, 
pressure line 83 communicates with the interiol's 
Of the output preSSure bellows 9 of the pile-- 
Anatic reset device 25 by means of a pipe 2. 
Which includes the Solenoid operated three-way 
Waive: 35 of similai construction to the waive. 
heretofoie described, and notinally providing a 
paSSage for iilid through the pipe 286. i he con-. 
duit S is provided with the reducing Valve 9 
Which Isaintains a COEstaint Steam pressure up. 
Stear of the Orifice , and is also provided 
downstream of Said Grifice with the waive 88, to be 
govered in a manner to be described. 

In Operation, an increase in moisture in the 
sheet passing over the roll causes a propor 
tional increase in the rate of Steam condensa 
tion in the Said roll, thereby resulting in an in 
crease in the rate of flow through the orifice . 
The increase in flow creates an increased pres 
Sure drop across the orifice, thereby raising the 
float 2 and providing a proportional increase in 
output pressure in the line 33, in the pipe 23, 
and in the bellows of the reset device 26, 
The bellows thereupon expands and moves 
the flapper 24 towards the nozzle 23. And Since 
the coil 22 turns the airn 3 clockwise to raise 
the flapper 25 on an increase of pressure on the 
header 2, a higher preSSure in the header is 
required to bring the fiapper into a throttling re 
lation with the nozzle 23, Thus the pressure set 
ting of the controller 2 is raised 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 moisture. It will be 
inderstood that On a deGrease-ii sheet moisture 
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the rate of steam condensation decreases propor 
tionally thereto, and accordingly the reduced 
pressure differential across the orifice 70 results 
in a proportional decrease in output preSSure of 
the controller 65 and in the reset bellows 0 of 
the controle 2). Thus the bellows 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 6 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 9 in a manner to gov 
ern the moisture content of the Sheet passing 
through the machine. While this form of con 
trol is less sensitive than the preferred form of 
imechanism 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 6 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 foW instrument 65 as shown in Fig. 1, 
the valve is governed by the controller 95 which 
is of Similar construction to that shown in Fig. 
1. As in Fig. 1, the coil 96 of the controller 95 
is responsive to changes in pressure in the con 
duit 6 f downstream of the Valve 66 by means of 
the pipe 99. And as therein described, an in 
crease in pressure in the roll 69 causes the coil 
96 to unwind and move the flapper 0 away from 
the nozzle O2. Since the nozzle 02 is supplied 
with fluid by the pipe OS through the restriction 
f 97, a proportional decrease in nozzle pressure 
results in the output pressure pipe O6. In the 
arrangement herein shown, the output pressure of 
the controller 95 in the pipe C6 is connected 
with the diaphragm chamber 87 of the reverse 
acting valve 66 by means of a pipe 20. Thus 
an increase in pressure in the roll 60 results in a 
proportional decrease in output pressure in the 
diaphragm chamber 8, thereby causing the valve 
6G 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 
trollier 95 governs the valve 68 to maintain the 
pressure in the indicating roll 60 substantially at 
a value established by the controller set mecha 
nism 98. As in the preferred construction, I com 
municate the fluid pressure in the output pres 
sure line is with the connection 38 of the 
three-way valve 35. For this purpose a pipe 
201 is employed which connects the pipe 29 
with the valve. The three-way valve 35 is op 
elated by the gap switch 59 but instead of re 
sponding to changes in output pressure in the 
pipe 961 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 describing the operation of the device, let it 
be 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 60 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 steami 
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. i., 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 70 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 95 to 
3 p. S. i. and closing the valve 66. Thus the 
flow through the orifice TO 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 44 of the three-Way valve 
35 at this pressure, the reset bellows O will 
be disconnected from the instrument 65 and Will 
be connected with the pipe 20 which communi 
cates with the output pressure line f361 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 
2S will function to close the main steam valve 2. 
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 50 to deenergize 
the Solenoid of the three-Way valve f35 on the 
aSSumption that a Suitable pressure such as 9 
p.s. i. 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 50 
will deemergize 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 95 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 
Scribed in connection with Figs, 2 and 3. 

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

1. In a control rechanism for govering the 
eat input to a sheet material drying inachine 

to maintain the moisture content of sheet ina 
terial passing therethrough at a selected value 
and to reduce the heat input to a selected value 
during a 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, 
a conduit having a Source of Stean Supply and 
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 of Steain 
condensation 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 ineans 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 mechanism 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 otheir 
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 a 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 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 Stearn flow through Said re 
striction, Said changes being in proportional 
-relation to changes in the rate of Stearn con 
densation in the indicating Section, a Wave in 

, the conduit downstream of said restriction, third 
means responsive to changes in the rate of stealin 
condensation in the indicating section, one 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 stealin 
condensation, and at least one of Said Second and 
third-means being in operative connection with 
said valve, and rechanisin responsive propor 
tionally 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 froin one of Said 
second and third means to the other of said 
Second and third means to reduce the heat 

... value of the main drying Section to Said selected 
value. 

-3. 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 and to 
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reduce the heat input to a selected value during 
a period when the material is off the machine, 
said machine including a main drying section 
having a source of heat Supply and a sheet nois 
ture indicating section, first means for varying 
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 Steann flow through said restriction, 
said changes being in proportional relation to 
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 upstrean 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 responsive 
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 predetermined 
value to transfer the control from one of said 
second and third means to the other of said sec 
ond and third means to reduce the heat value of 
the main drying section to said selected value. 

4. 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 for varying 
heat from a 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 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 proportionally to said changes in the rate of 
heat transfer and activated when the said rate 
of heat transfer drops below a predetermined 
value to limit the control to said third means for 
varying the heat input during a period when the 

deterimined value. 
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said rate of heat transfer remains below a pre 

5. 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 transferrelation 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 in said main section in 
proportional relation to said changes in...the-rate 
of heat transfer, and mechanism responsive pro 

75 
portionally to changes in the said rate of heat 
transfer and in operative association with 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 operative 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 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 input to a sheet material drying machine to 
maintain the moisture content of sheet matelial 
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 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 noisture 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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20 
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 of 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 controller 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 
condensation drops below a predetermined value 
to govern the rate of steam input to Said sheet 
moisture indicating Section. 

9. In a pneumatic control mechanism for gov 
elining 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 
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 
preSSule 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. 
preSSule 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, 
a. Second controllier 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 
preSSule 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 
tional relation thereto, a fluid connection from 
the output pressure of Said third controller to the 
element of Said control point setting mechanism 

  



2,629,939. 
21. 

for varying the controller setting in proportional 
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 said: 
Second valve means, a third Wave nearl S. govelih 
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 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 condensation drops below a 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 indicating 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 means responsive to 
changes in the rate of heat transfer 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 to 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 Stean 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 
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 
flow 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 Connection 
With one of said second and third Valves to Walry 
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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22 
ly connecting either 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 second controller with the first controller 

O 
drops below a predetermined value to operatively 
connect the said third controller with the said 

and when the said rate of Steam condensation 

first controller. 
12. 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 for governing the heat input 
from a source of supply to the main drying sec 
tion, a Conduit connecting a source of steam stip 
ply to the moisture indicating section, a 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 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 device governing the control setting 
of the first control means, a first fuid 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 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 fluid line, 
and mechanism 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 condensation drops below a predeter 
mined value to actuate said valve means to open 
E. Second fluid line and close the first fluid 

6. 
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 for 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, a 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 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, a 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 nois 
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 Said 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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