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To all whom- it may concern: 
Be it known that I, THOMAS F. PINDER, a 

citizen of the United States, residing at 
Ardmore, in the county of Montgomery, 
State of Pennsylvania, have invented cer 
tain new and useful Improvements in Dry 
ino- Machines; and I do hereby declare the 
foIlowing to be a full, clear, and exact de 
scription of the invention, such as will en 
able others skilled in the art to which it ap 
pertains to make and use the same. _ 
My invention is an improvement in drying 

machines’, and relates especially to an im 
proved machine for drying paper and the 
like as it passes from the wet end of a paper 
making machine, as for instance a Four 
drinier machine. In machines of the char 
acter in question, now in use, the formed 
web is drawn over heated cylinders to dry 
the same, the opposite faces of the web be 
ing alternately engaged with the cylinders. 
When the web is in contact with the cylin 
ders, the moisture is evaporated rapidly, 
and‘ is in part condensed by the cooler air 
at the opposite face of the Web, and at por 
tions of the Web adjacent to the cylinder, but 
out of contact therewith. Thus the opposite 
faces of the web are exposed in alternation to 
high temperatures with low humidity, and 
tolower temperatures with high humidity, 
that is to periods of intense drying, alter 
nating with periods of cooling and moisten 
mg. 
The object of the present invention is to 

provide a machine of the character speci?ed, 
by means of which the opposite faces of the 
web may be dried at a substantially uni 
form temperature, in an atmosphere having 
a substantially constant moisture content, 
regardless of the quantity evaporated from 
the web, and wherein the drying action is 
steadily progressive from the inlet to the 
outlet end of the machine. 
Another object is to provide a dryer com 

posed of sections, independently heated, 
each having means for circulating dry air 
along the faces of the web in the opposite 
direction to its travel, to remove the vapor 
as it forms, and wherein the section at the 
dry end of the machine is heated by electri 
cally controlled units, so arranged that the 
temperature of the section may be nicely 
controlled in accordance with conditions. 
Another object is to provide means in 

connection with the dryer for pressing and 

Serial No. 475,795. 

ironing the web during the drying thereof, 
to impart to the dried web a semi-?nish, a 
plurality of such means being provided, 
and arranged to act upon the web as it passes 
from one dryenunitlto another. 
In the drawings; ‘ 
Figures 1 and 2, taken together, consti 

tute a diagrammatic view of the improved 
machine, with parts in section, 

Figure 3 is a section on the line 3—3 of 
Figure 2. 

Figi'lt is a transverse section of a unit 
casing. 
In the embodiment of the invention shown 

in the drawings the improved dryer is com 
posed of two sections, that adjacent to the 
wet end of the paper making machine indi 
cated at 1 being steam controlled, while that 
remote from the paper machine and adja 
cent to the. calender rolls indicated at 2, is 
electrically controlled. The sections of the 
machine shown in Figure 1 is composed of a 
series of dryer units, three in the present 
instance, each consistingof a closed casing 
3 having in its ends passages for permitting 
the entrance and exit of the paper web to be 
dried, indicated at 4. 
The web is supported and guided through 

the machine in any suitable manner, as for 
instance by an endless belt 5 of foraminous 
material, of the character shown and de 
scribed in application, Serial No. 434.231, 
?led December 31, 1920. The upper run of 
the belt passes through the casing, at ap 
proximately the center. being supported by 
rollers 52‘ and the rollers are so arranged 
that an arched formation, longitudinally of 
the casing, is imparted to the web, as it 
passes through the casing. Outside the eas 
mg the belt is supported by rollers 6, 7 and 
8, the rollers 6 being at the ends of the cas 
ings and in alinement with the inlet and 
outlet passages, while the rollers 7 are be 
neath the casing, near the ends thereof. 
The rollers 8 are tension rollers, being sup 
ported by swingably mounted arms, the said 
rollers resting by gravity on the belt to ten 
sion, the same. The units of the sections 
are arranged one above the other, as shown 
in Figure 1, and the web to be dried passes 
through the casings in the same direction, 
namely from left to right. From the paper 
making machine 1, which may be a Four 
drinier, machine, the web passes through 
the ?rst unit of the section. 
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As it emerges from this unit, the web pass 
es between a pair of pressin and ironing 
rollers 9, and thence over gui e rollers 10 to 
airs of rollers 11, arranged between the 

?rst unit of the series and the succeeding 
unit. The web passes between the members 
of the pairs, and these rollers assist in ?nish 
ing the web, and they may also be heated if 
desired, to assist in drying the web. After 
the Web leaves the rollers 11, it passes over 
guide rollers 12, and between another pair 
of pressing and ironing rollers 13, similar to 
the rollers 9. The succeeding units are pre 
cisely like the ?rst unit, pressing and ironing 
rollers 9 being arranged at the outlet ends of 
the casings, while pressing and ironing roll 
ers 13 are arranged at the inlet ends. Each 
unit has a supporting belt for the web, and 
heating means indicated at 14 are arranged 
in the casings, the said heating means being 
steam pipes in the present instance. It Wlll 
be noticed that a heating means is arranged 
at each face of the web, one of the said 
means being above the web and one below 
the web, and the said means are at that end 
of the casing having the outlet for the paper 
web. The heating pipes in the present in 
stance extend from the said end approxi 
mately two-thirds the length of the unit, 
and at the opposite end there is arranged 
means for withdrawing the vapor from the 
casing as it forms, to insure a circulation of 
dr air through the unit. 
The means for withdrawing the air com 

prises nozzles 15, the said nozzles being ar 
ranged above and below the web, and each 
nozzle is connected by a valved pipe 16, 
with a collector pipe 17 at the end of the 
section. Dry air is supplied to the units at 
the opposite ends from. the nozzles by a 
header pipe 18, which communicates with 
the casings above and below the web, by 
means of valved controlled branch pipes 19. 
The vapor laden air is withdrawn from the 
units, and dry air is supplied thereto, by 
means of fans or pumps 20 and 21, the pump 
20 being connected with the collector pi e 
17, while the pum 21 is connected with t e 
header pipe 18. ry air may be preheated 
by the vapor laden air, by the mechanism 
indicated generally at 22, and shown in de 
tail in Figures 2 and 3. 
The section shown in Figure 2, is also com 

posed of a series of units, three in the present 
instance, closely resembling those of Figure 
1. Each unit consists of a casing 23, having 
at one end an inlet passage for the web 4, 
and at the other an outlet passage, and the 
web is supported in its passage by a belt 24 
of foraniinous material, similar to the’ belts 
5, and similarly supported. The vapor laden 
air is withdrawn from the units by means 
of nozzles 25, communicating by valved 
pipes 26, with a collector pipe 27, and dry 
air is supplied by a header pipe 28, com 
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municating with the units by valved branch 
pipes 29. The nozzles 25 are arranged above 
and below the web, as are also the branches 
29, the arrangement of the support for the 
belt, and the means for withdrawing and 
sup-plying air being recisely the same as 
shown in Figure 1. 'llhe heaters of the dry 
er units are electrically controlled. A series 
of heating units 14a is arranged at each face 
of the web, one series being above the web 
and the other below. The units are of the 
character shown in application, Serial No. 
434,231, ?led December 31, 1920, and may 
be similarly supported in the casing. They 
are connected to the circuit in such manner, 
that the heat may be nicely regulated, and 
the units are grouped at the inlet end of the 
casing, corresponding in arrangement to that 
of the heating pipes in Figure 1. Pairs of 
pressing and ironing rollers 30 and 31 are 
arranged adjacent to each unit, the rollers 
30 being at the inlet ends of the units, while 
the rollers 31 are at the outlet ends. Be 
tween the casings the web is supported b 
pairs of rollers 32, correspondin to the rol - 
ers 11 of Figure 1, and the web 1s guided by 
direction elements 33, in the form of rollers, 
corresponding to the rollers 10 and 12 of 
Figure 1. In Figure 1 the web enters ?rst 
the topmost dryer unit, and passes through 
the units in succession. In Figure 2, the web 
enters the lowermost unit, this unit being in 
substantial alinement with the lowermost 
unit of Figure 1, from which the web 
emerges. From the topmost unit of Figure 
2,-the web passes to the calendering mecha 
nism 2. Fans or pumps 20 and 21 are con 
nected with the pipes 27 and 28, and. if de 
sired mechanism ‘for preheating the fresh air 
by means of the vapor laden air withdrawn 
maybe connected with either or both sec 
tions. 
Such mechanism is shown in Fi res 2 

and 3, wherein the preheater comprises the 
casing 22 having one end open, and the other 
end funnel shaped, and communicating with 
the fan 21 at its axis. A series of coils 34 
is arranged in the casing 22, the said coils 
being U shaped as shown, and communicat~ 
ing at their lower ends with an auxiliary 
casin 35 in the casing 22. The vapor laden 
air discharged by the fan 20, passes by way 
of a pipe 36 into the auxiliary casing 35. 
This casing has a longitudinally extending 
partition 37 dividing it into two compart 
ments, and the arms of the coils 34 communi 
cate with the compartments, one arm of 
each coil connecting with a compartment. 
The pipe 36 is connected with one of the 
compartments, and a fan or pump 38 is con 
nected with the other. The air discharged 
by the fan 20 passes into one compartment, 
through the COIlS to the other compartment, 
and is withdrawn by the fan or pump 38. 
The air entering the casing 22 passes over 
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the coils heated by the vapor laden air, and 
is preheated and dried before being deliv 
ered to the heater units. The .fans 20, 21 
and 38 may be driven in any suitable or de 
sired manner. 
In operation, the material to be dried, 

which is usually in the form of a continuous 
web, and may be of paper, felt, or the like, 
passes from the web forming mechanism to’ 
the topmost unit of the ?rst section. The 
heated air within the casing, heated by the 
steam coils, has free access to both faces of 
the web, and this air is continuously chang 
ing. being withdrawn as it becomes vapor 
laden, to be replaced by fresh, dry, preheated 
air. As the web leaves the unit, it is sub 
jected to the pressing and ironing action of 
the rollers 9, and of the rollers 11. The web 
now enters the second unit, and the process 
is repeated. As many units may be used in 
each section as may be desired, or found nec 
essary, and as the web leaves the last unit, it 
passes to the second section, which has elec 
trically controlled heating units, permitting 
a more accurate, uniform and closer control~ 
of the temperature. The formed and par 
tially dried web enters the lowermost unit in 
the second section, and the drying, pressing 
and ironing of the web is continued through 
out the series of units. The dried and semi 
?nished web then passes to the calendering 
mechanism. In each unit both faces of the 
web are subjected to the action of dry. heat 
ed air, constantly changing, and there is no 
recond'ensation of the moisture evaporated 
from the web. The heating mechanism is 
within the dryer units, and the air is heated 
as it enters the units, passing longitudinally 
of the units to be withdrawn as it becomes 
laden with vapor. 
I claim. 
1. A paper drying machine, comprising a 

plurality of sections, each composed of a plu 
rality of dryer units, means for supporting 
and guidin the web to be dried through the 
units of t e sections in succession, and 
means for circulating a current of dry air 
through the units of the sections in the oppo 

, site direction to the travel of the web, to re 
.move the vapor as it forms. 

2. A paper drying machine, comprising a 
plurality of sections, each composed of a 
plurality of dryer units, means for support 
ing and guiding the web to be dried through 
the units of the sections in succession, and 
means for._circulating a current of dry and 
preheated air through the units of the sec 
tions in the opposite direction to the travel 
of the web, to remove the vapor as it forms. 

3. A paper drying machine. comprising 
a plurality of sections, each composed of a 
plurality ofdryer units. means for sup 
porting and guiding the web to be dried 
through the units of the sections in succes 
sion, and means for circulating a current of 

83 

dry air through the units of the sections in 
the opposite direction to the travel of the 
web, to remove the vapor as it forms, the 
units of the last section having electrically 
controlled heating units. 

4. A paper drying machine, comprising a 
plurality of sections, each composed of a 
plurality of dryer units, means for support 
ing and guiding the web to be dried through 
the units of the sections in succession, and 
means for circulating a current of dry air 
through the units of the sections in the op 
posite direction to the travel of the web, to 
remove the vapor as it forms. the heating 
means of the units being at the inlet ends 
thereof. 

5. A paper drying machine, comprising a 
plurality of sections, each composed of a plu 
rality of dryer units, means for supporting 
and guidin the web to be dried through 
the units of the sections in succession, and 
means for circulating a current of dry air 
through the units of the sections in the oppo 
site direction to the travel of the web, to 
fremove the vapor as it forms, and means be 
tween the adjacent units for pressing the 
web to impart a semi-?nish- thereto when dry. 

6. A paper drying machine, comprising 
a plurality of sections, each composed of a 
plurality of dryer units, means for support 
ing and guiding the web to be dried through 
the units of' the sections in succession, and 
means for circulating a current of dry air 
through the units of the sections in the oppo 
site direction to the travel of the web, to re 
move the vapor as it forms, and means be 
tween the units for imparting a semi-?nish 
to the dry web. ' 

7. A drying machine comprisin a plu 
rality of sections, each composed 0% a series 
of dryer units, means for supporting and 
guiding a web to be dried through the units 
in succession. means for circulating a cur 
rent of dry air through the units at the op 
posite faces of the web, and in the opposite 
direction to the travel of the web, and heat 
ing means for the units grouped near the 
inlet end for the air. 

8. A drying machine comprising a plu 
rality of sections, each composed of a series 
of dryer units, means for supporting and 
guiding a web to be dried through the units 
in succession, means for circulating a current 
of dry air through the units at the opposite 
faces of the web and in the opposite direc 
tion to the travel of the web, heating means 
for the units grouped near the inlet end for 
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the air, and means heated by the vapor re- = 
moved from the machine for drying and pre 
heating the incoming air. 

9. A drying machine 
rality of sections, each composed of a series 
of dryer units. means for supporting and 
guiding a web to be dried through the units 
in succession, means for circulating a cur 

comprising a plu 
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rent of dry air through the units at the op 
posite faces of the web and in the opposite 
direction to the travel of the web, and heat 
ing means for the units grouped near the in 
letv end for the air, the section of the dryer 
at the dry end of the machine having elec 
trically controlled heating units. 

10. In a paper drying machine. a dryer 
unit comprising a casing. means for support 
ing and guiding a web to be dried through 
the casing. means for circulating a current 
of dry air through the casing in the opposite 
direction to. the travel of the web. and means 

. near the inlet end of the casing and at the 
15 

20 

25 

opposite faces of the web for heating the air. 
11. In a machine for drying a formed 

web. a series of dryer units, means for sup 
porting and guiding the web through the 
units in succession, and means between ad 
jacent units for imparting a semi-?nish to 
the dried web. 

12. In a machine for drying a formed 
web, a series of dryer units, means for sup 
porting and guiding the Web through the 
units in succession, and means between ad 
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jacent units for imparting a'semi-?nish to 
the dried web, said means comprising pairs 
of pressing and ironing rollers between 
which the web passes. 

13. A drying machine comprising a plu 
rality of sections each composed of a series 
of units, means for supporting and guiding 
the web to be dried through the units in suc 
cession, electrically controlled heating means 
for the units of one section, and vapor con 
trolled heating means for the units of the 
other section. 

14. A drying machine comprising a plu 
rality of sections each composed of a series 
of units, means for supporting and guiding 
the web to be dried through the units in suc 
cession, electrically controlled heating means 
for the units of one section, and vapor con 
trolled, heating means for the units of the 
other section, the section having the vapor 
controlled heating means being in advance 
of the section having the electrically con 
trolled heating means. 
In testimony whereof I a?ix m si ature. 
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