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Patented Aug. 8, 1944 

UNITED STATES 

2,355,391 

PATENT OFFICE 
2,355,391 

PAPERMAKNG METOD AND APPARATUS 

Robert F. Nelson, Ardmore, and John N. Tuttle, 
Philadelphia, Pa., assignors to The Glassine 
Paper Company, West Conshohocken, Pa., a 
corportion of Delaware 
Application July 27, 1940, Serial No. 34,866 

(C. 34-4) 9 Claims, 

This invention relates to paper making meth 
ods and apparatus and has particular reference 
to an improved method and apparatus for Se 
curing uniform WebS Of paper. 
In conventional practice, the paper, after leav 

ing the second press, is carried about steam 
heated rolls of large diameter to effect evapora 
tion of moisture therefrom and the production of 
the finished, relatively dry web. The paper is 
held in close contact with these rolls by Cotton 
or cotton and asbestos belts, usually referred 
to as dryer felts. Generally, additional drying 
rollers are provided about which the dryer felts 
pass to effect drying of the felts, so that they 
will cooperate to effect the drying of the paper, 
The drying of the paper web is largely de 

pendent upon the removal of the Water vapor 
which is formed in the drying operation, and 
this is also true of the drying of the dryer feltS. 
In view of the compact natures of the dryer sec 
tions of paper machines, the removal of water 
vapor is considerably more rapid at the sides of 
the machine than in the interior portions thereof, 
and consequently it is common to find that the 
paper web and the dryer felts may be quite con 
siderably more moist in some parts of their width, 
generally the central parts, than at their edges. 
To avoid this result, Special appliances are SOme 
times provided for removing the water vapor, for 
recirculating air, or for applying heated air in 
the central portions of the apparatuS. 

In forming Some types of paper, this variation 
of moisture content acroSS the sheet is not par 
ticularly material. In other cases, however, the 
variation in moisture content is quite material, 
as, for example, in the production of glassine 
paper where the initial web formed is a sheet of 
sulphite coniferous stock. In the transformation 
of such sheet to glassine by Supercalendering, 
variations of transparency may occur acroSS the 
final sheet, which variations are quite objection 
able and lower the value of the product. 
The detrimental effects of irregular drying are 

particularly noteworthy in the case of the prac 
tice of the method described in the patent to 
Robert F. Nelson, No. 2,211,348, dated August 13, 
1940. In accordance with the method of this 
patent, the initial sheeted web is dried only par 
tially, as compared with the usual greaseproof 
webs produced in the initial stage of the manu 
facture of glassine. Then, without additional 
moistening in the conventional fashion, this 
moist web is supercalendered to produce glassine. 
While with quite careful control on conventional 
machines substantial unifornity of moisture 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

across a relatively narrow web can be obtained, 
this becomes quite difficult in the handing of 
wide webs, and special control of the moisture 
content is desirably effected in accordance with 
the present invention. 

Briefly stated, the present invention relates to 
the control of moisture content by the proper 
selective, and most desirably automatic, control 
of the moisture content of the dryer felts of the 
machine by directing thereupon intense radiant 
energy of from about 6500 to 14,000 Angstrom 
units. This radiation is produced by lamps selec 
tively controlled so as to heat more effectively the 
portions of the dryer felts tending to retain excess 
moisture, with the resulting production of a 
sheet having uniform moisture content across 
its width. It is found that the use of radiation 
of this type produced by so-called infra-red lamps 
is highly effective to produce proper drying of 
the drier felts, apparently acting to produce a 
more thorough removal of noisture from the 
innermost portions of the belts than is produced 
by a mere heating locally of one or both surfaces 
of the belts. The radiation apparently penetrates 
the belts in such fashion as to produce great 
unifornity of result. 
While for some purposes a Selective but non 

automatic control is Suficient, where, for ex 
ample, the machine is producing a finished sheet 
the final moisture content of which may be satis 
factorily Subject to considerable variation, it is 
desirable, when a more critically controlled prod 
luct is desired, as for example, in the production 
of the sheet to be Supercalendered in accordance 
with the method of said Nelson patent, to pro 
vide automatic control for the radiation produc 
ing means to Secure quite complete uniformity of 
moisture content across the Web within narrow 
limits. This result may be secured by having the 
radiating lamps Subject to control by means re 
sponsive continuously to the moisture content 
of the web as it passes through the machine. 
The above indicated objects of the invention, 

and other objects relating particularly to details, 
will become apparent from the following descrip 
tion, read in conjunction with the accompanying 
drawings, in which: 

Figure 1 is a diagrammatic Side elevation of 
the rear portion of the dryer Section of a paper 
machine; 

Figure 2 is a diagrammatic elevation of the 
upper rear portion of the machine showing the 
infra-red ray producing lamps for effecting dry 
ing of the top dryer felt; 
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Figure 3 is a wiring diagram showing the Con 

trol means for the lamps; and 
Figure 4 is a diagram of an alternative radia 

tion control means. 
There is illustrated in Figure 1 at 2 the rear 

most portion of the final dryer section of a con 
ventional paper machine comprising primarily 
the conventional elements of such machine. In 
the portion of the machine illustrated, there are 
shown the steam heated drums 4, , and 
constituting the end members of a large group of 
such drums about which the paper web is passed 
to be dried. About intermediate guiding rollers 
indicated at 2, 4, , and , and about steam 
heated felt drying rollers, and take-up rollers 
indicated at 2, 22, 24, 2, 2, 0, 2 and 4, the 
top and bottom dryer felts and 38, respectively, 
are trained, serving to press the paper web 4 
against the paper drying drums. Each of these 
dryer felts generally extends throughout its sec 
tion of the machine (the machines generally hav 
ing several sections), and the drying of the felts 
largely occurs in their idle passes respectively 
above and below the machine. 
In accordance with the present invention, 

banks of lamps are provided at the rearmost por 
tions of the felts at the delivery end of the na 
chine for directing on the felts radiation of from 
6500 to 14,000 Angstron units. These lamps are 
of conventional carbon or tungsten flament type 
used for therapeutic or other applications. The 
lamps are preferably arranged in each bank as 
illustrated in Figure 2 for the upper bank. They 
are there illustrated as arranged in three hori 
zontal rows carrying the letters A, B and C and 
in diagonal groups designated by Subscript nu 
merals. With the arrangement illustrated, and 
with the provision of reflectors, which are, for 
best eficiency, desirably gold plated, the zones 
of radiation fron each lamp Overlap to such ex 
tent as to cover the felt throughout its entire 
width and over a substantial area. In order to 
prevent damage due to vibration of the machine, 
the lamps are desirably resiliently mounted by 
spring or rubber means. 

If manual control is acceptable, the lamps may 
be controlled individually or in groups, for ex 
ample, in the groups illustrated bearing the same 
numeral SubscriptS. In such case, observation 
of the results from time to time will generally 
indicate quite clearly the lamps which should be 
used to secure the desired uniformity. Generally, 
though not necessarily, it will be evident that 
without the lamps the central portion of the 
web will contain a greater proportion of moisture 
than the edges, and the same will be true, gen 
erally speaking, of the dryer felts. Under such 
conditions, only the central lamps of the banks 
may be used, which may effect a lower moisture 
content of the central portions of the felt than 
of the edges. The lamps selected will then re 
sult in a substantial uniformity of the moisture 
content across the paper Web. 
Where closer control is desired, however, the 

lamps are subject to automatic control by means 
responsive to the moisture content of the Web. 
This may be done most conveniently by the use 
of means responsive to the electrical resistance 
of the web which is a good measure of the mois 
ture content when, as is commonly the case, the 
soluble mineral content of the web is substan 
tially constant throughout extensive periods of 
operation. For this purpose, the web as it leaves 
the last dryer felt passes over a conducting roller 
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a,355,801 
the locations of which are indicated in gure 2, 
these rollers corresponding to the lamp groups 
bearing similar subscript numerals. In the adop 
tion of an arrangement of this sort, it is desirable 
that some particular portion of the web should 
form the basis of reference, the other drying por 
tions of the machine being adjusted to bring this 
portion of the web to the desired moisture con 
tent. The control of the lamps is then effected 
to produce throughout the web the correspond 
ing moisture content. This may be effected 
through the use of the electrical control arrange 
ment illustrated in Figure 3. 
As illustrated therein, the roller Do is con 

nected to a resistance Ro, which may be of fixed 
value across, a supply line of either alternating 
or direct current, indicated at L. The web pass 
ing from the machine passes between the rollers 
Do and E. 

Similarly connected across the line L are the 
combinations of the rollers D1 and Da, etc., with 
and adjustable resistances R1, Ra, etc. It will 

be evident from Figure 3 that if the resistance of 
the paper web between Do and is regarded as a 
fixed resistance, or at any rate, a standard of 
resistance, there is provided a Wheatstone bridge 
comprising Do and in one arm, Ro in a sec 
ond, D and E in a third and R in the fourth for 
the detecting roller D1. A similar arrangernent 
is provided in the case of each of the other rollers 
Da, D3, etc. Unbalance of each such Wheatstone 
bridge will accordingly produce a voltage dif 
ference between the points of junction of Ra 
and Do and of R1 and D1, etc. The voltage thus 
produced may be used to control, for example, 
through an amplifler S1 of conventional vacuum 
tube type, and a relay T1, the current to the lamps 
Al, B; and C1 of the upper bank and the lamps 
Au', B1' and C1' of the lower bank. Similar con 
trol of each of the other groups is effected. 
The lamps Bo, Co, Bo' and Co' are preferably 

subject to control by means of a rheostat r. 
These may be set initially to secure the desired 
moisture content at the particular portion of 
the sheet used for reference purposes, here illus 
trated as the edge corresponding to Do. The 
intermittent control of the lamps is satisfactory 
to secure a uniform product, since the action of 
drying or permitting the felt to acquire moisture 
is a gradual One, i. e., the correction of the mois 
ture content is not effected by any rapid imme 
diate action, but, since the change of moisture 
content in a detrimental direction is also quite 
gradual, the gradual correction is quite satis 
factory. 
While normally a uniform moisture content 

across the web is desirable, if a graduated non 
uniformity is desired, that also may be accom 
plished by proper relative adjustments of the 
resistances. For example, in some cases the dry 
ing actions of Supercalenders are not uniforn 
across the sheet and hence those portions of the 
web which will be subject to less drying in the 
supercalender may be selectively over-dried in 
the apparatus described. 

Alternatively, and adapted for even finer con 
trol than that effected by the arrangement of 
Figure 3, there may be used the control devices 
of Figure 4, in which S' represents an amplifier 
corresponding to any one of the amplifiers of 
Figure 3 and similarly connected to the Wheat 
stone bridge resistance arrangement of that 
figure. The output of this amplifier is fed to an 
automatic potentiometer P of which it may, of E and beneath a series of conducting rollers D, 75 course, be an integral part. Such a potentiometer 
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is provided with a power driven arm or the like 
for recording purposes, and in the present in 
stance, an extension of such arm, indicated at a, 
carries a contact c, riding over a rheostat d in 
circuit with the lamps of the particular group to 
be controlled through the amplifier. The ar 
rangement is such that if the web at the location 
of the corresponding contact roller D is too Wet, 
the potentiometer Will automatically Operate to 
cut out some resistance from the lamp bank cir 
cuit, thereby increasing the dryness of the por 
tion of the felt passing thereunder. Such auto 
matic potentiometers are standard articles of 
commerce and need not be further described. 

It will be evident that the control arrangement, 
of Figure 4 may also be adapted to shift laterally 
banks of infra-red lamps in Olunted on tracks 
transverse to the direction of movement of the 
felt, thereby to control Selectively the moisture 
content of transverse portions thereof. 
While response to the moisture content of the 

paper Web has been illustrated and described as 
effected by measurement of its resistivity, it will 
be evident that the noisture content may be de 
termined in Other fashions, for example, by the 
Se of a Series of Sensitive hygrometers adjacent 

the travelling Web in essentially the positions 
of the rollers D, the responses of which may be 
translated into potential or current variations 
to effect control through means illustrated in 
Figures 3 and 4. Alternatively, the transparency 
of the sheet to infra-red radiation may be used 
as the control, since this varies with the moisture 
contents. 

It will be noted that the drying effected by 
the use of the infra-red lamps is only a small 
percentage of the total drying involved in the 
machine. The selective drying by the lamps 
merely serves for the correction of a few per 
cent. Of the noisture content of the web, and 
despite the Substantially higher cost of electrical 
energy for drying than that of the steam used 
for the major part of the drying, the results se 
cured render the method satisfactory. In view 
of the higher cost of the electrical energy in gen 
eral, it is desirable, despite the presence of the 
lamps to take the usual precautions to secure, 
by the conventional elements of the machine, 
as even and proper drying as possible, so that the 
auxiliary means carries a minimum of the bur 
den. 
What I claim and desire to protect by Letters 

Patent is: 
1. A paper making machine comprising a dry 

ing Section having heated drums and at least one 
felt for pressing a paper web against the drums, 
and means for Subjecting said felt to infra-red 
radiation Substantially in the range of 6500 to 
14,000 Angstron units to effect drying thereof. 

2. A paper making machine comprising a dry 
ing Section having heated drums and at least 
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3 
one felt for pressing a paper Web against the 
drums, and adjustable means for subjecting said 
felt to infra-red radiation substantially in the 
range of 6500 to 14,000 Angstrom units to effect 
Selective drying thereof tranSVersely of its length. 

3. A paper making machine comprising a dry 
ing section having heated drums and at least 
one felt for pressing a paper Web against the 
drums, means for subjecting Said felt to infra 
red radiation to effect drying thereof, and means 
responsive to the moisture content Of the paper 
web for controlling the application of said infra 
red radiation to Said felt. 

4. A paper making machine comprising a 
drying section having heated drums and at least 
One felt for pressing a paper Web against the 
drums, means for Subjecting Said felt to infra 
red radiation to effect drying thereof, and means 
responsive to the electrical resistivity of the 
paper Web for controlling the application of said 
infra-red radiation to Said felt. 

5. The method of making paper comprising 
drying a Sheeted Web of paper by paSSage between 
heated drums and at least one felt, and Subject 
ing Said felt to infra-red radiation to Substan 
tially in the range of 6500 to 14,000 Angstrom 
units to effect drying thereof. 

6. The method of making paper comprising 
drying a sheeted Web of paper by passage be 
tWeen heated drums and at least one felt, and 
Subjecting said felt to adjustable infra-red ra 
diation to substantially in the range of 6500 to 
14,000 Angstrom units to effect selective drying 
thereof transversely of its length. 

7. The method of making paper comprising 
drying a Sheeted Web of paper by passage be 
tWeen heated drums and at least one felt, and 
Subjecting said felt to infra-red radiation sub 
Stantially in the range of 6500 to 14,000 Ang 
Stron unitS to effect selective drying thereof in 
accordance With the moisture content of the 
finished Web. 

8. A paper making machine comprising a dry 
ing Section having heated drums and at least 
One felt for pressing a paper web against the 
drums, means for subjecting said felt to infra 
red radiation Substantially in the range of 6500 
to 14,000 Angstron units to effect drying there 
of, and means for controlling the last mentioned 
means to Vary the intensity of said radiation 
tranSVersely of the felt. 

9. The method of making paper comprising 
drying a sheeted Web of paper by passage be 
tween heated drums and at least one felt, and 
Subjecting said felt to adjustable infra-red ra 
diation Substantially in the range of 6500 to 
14,000 Angstrom units to effect selective drying 
thereof, said radiation varying in intensity trans 
versely of the felt. 

ROBERT F, NELSON. 
JOHN N. TUTTLE. 


