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This invention relates to a method of and an 
apparatus for drying. 
One of the principal objects of the present in 

Vention is, to control the circulation of air in the 
dryer in a simple, positive and efficient manner 
during the Various stages of the drying operation 
and more particularly to exhaust or withdraw 
air Or the drying medium from the dryer during 
the charging or loading of articles into the dryer, 
tO. Circulate fresh heated air through the dryer 
for a predetermined period subsequent to the 
Charging of the same to remove the greater por 
tion of the combustible gases or vapors given 
off by the article being dried and thereafter to 
recirculate air or the greater part of the heated 
air during the subsequent drying stages. 
The present application is a continuation of and 

a Substitute for my application for Apparatus for 
Controlling the circulation of air in drying ovens 
and the like, filed March 26, 1930, Serial No. 
439,067. 
While the present invention may be applied to 

Various types of drying Ovens with advantageous 
results, it is particularly, although not necessari 
ly, designed for use in connection with japan 
ning and drying Ovens in which it is desired to 
recirculate heated air through the oven during 
the drying operation. In such instances, it is a 
Well-known fact that the fumes given off from 
the japanned or enameled articles, contain ap 
proximately 70% explosive gases, and therefore 
Where it is desired to effect economy of operation 
by the recirculation of the heated air within 
the dryer, great hazard is encountered and fre 
quent explosions result, as the gases must neces 
Sarily paSS through the heater. Further, in the 
Operation of a dryer of this type, particularly dur 
ing the loading period when the doors are open, 
it is essential to prevent the escape of fumes from 
the oven as the same are dangerous and highly 
injurious to Workmen and others coming in con 
tact With then. 

It is, therefore, a more specific object of the 
present...invention to provide a method of and an 
apparatus for automatically controlling the cir 
culation of air to cause the withdrawal of gases 
from the oven during the loading or discharging 
Operation, and the entrance of fresh air through 
the loading. Or discharging door, Whereby the es-- 
cape of funes is prevented; to cause the circu 
lation of fresh air through the oven for a prede 
termined period. Subsequent to initial charging 
for renoving the greater portion of explosive 

and thereafter effect recirculation of 

(C. 34-19) 
heated air through the Owen to facilitate rapid 
drying with minimum consumption of fuel. 
A further object resides in the provision of an 

apparatus of the foregoing character utilizing 
dampers for controlling the circulation of air 
Within the oven, and the provision of automati 
cally actuated means for correlating the opera 
tion of said danpers to effect the desired circul 
lation. Within the Owen. 
In its broader aspects, the method involved 

in the present invention consists in circulating 
fresh heated air during the initial drying stages 
to: carry off the explosive gases or vapors given 
off by the articles being dried, and thereafter 
recirculating the greater part or all of the air 
or drying medium to facilitate and enhance dry 
ing action. This fundamental method may be 
and preferably is modified, or augmented during 
the loading or charging phases of the operation 
by the step of withdrawing air from the oven 
when the charging door is open, thereby prevent 
ing the escape into the building or room in which 
the drying is located of the gases, heated air Or 
vapors that are or may be in the oven. This 
step is followed by the circulation of fresh heated 
air for a predetermined period and then the final 
recirculation of heated air. By reason of the fact 
that the heavy vapors are at the very beginning 
of the drying operation removed from the oven, 
the articles being dried have a better finish and 
less time is required for the drying. Since leSS 
time is required the fuel consumption is lowered. 
These advantages are in addition to the advan 
tages of preventing explosions and thereby ren 
dering the drying safe in operation. 
With the above and other objects in View, which 

will appear as the description proceeds, the in 
wention resides in the novel construction, combi 
nation and arrangement of parts substantially as 
hereinafter described and more particularly de 
fined by the appended claims, it being understood 
that such changes in the precise embodiment of 
the herein disclosed invention may be made aS 
come within the scope of the claims. 

In the accompanying drawings is shown One 
illustrative example of a physical embodiment of 
the apparatus of the present invention devised 
for the practical-application of the principles and 
the carrying out of the method of the invention. 
In the drawings, which are more or less dia 

grammatical in character, Figure 1 is an eleva 
tion of an oven equipped with the present in 
Wention, parts being broken a Way and in Section 
to more clearly illustrate structural features, the 

10' 

5 

20 

25 

30 

35 

40 

45 

50 

55 



0. 

15 

20 

25 

30 

35 

40 

45 

50 

5 5 

60 

65 

70 

75. 

2 
Various parts being shown in relative position for 
loading or charging of the oven; 

Figure 2 is a similar view illustrating the rela 
tive position of the various parts immediately 
Subsequent to charging of the oven; 

Figure 3 is a similar view illustrating the posi 
tion of the various parts during the subsequent 
drying Operation; and 

Figure 4 is a fragmentary plan view of a modi 
fied structure in which a swinging oven door is 
utilized in place of a sliding door. 

Referring now more particularly to the accom 
panying drawings the numeral designates a 
diagrammatic showing of a conventional japan 
ning or drying oven, provided with a charging 
opening 2, normally closed by a sliding door 3, it 
being understood in practice that the oven may 
be charged or loaded by any suitable mechanism, 
and the closure door automatically operated in 
COOperation with the charging. Also, while the 
invention is illustrated and disclosed in connec 
tion with a sliding oven door, it will be obvious 
that the same may be applied to any type of 
Owen, utilizing either sliding or Swinging doors, 
Without affecting the operation or purpose of the 
present invention. 
Mounted upon the oven is a conventional fan 

or blower casing 4 provided with an intake pipe 5 
Communicating with the interior of the oven . 
The usual Suction fan 6 is mounted within the 
casing 4, which casing is also provided with a 
discharge pipe 7, Which communicates with a 
conventional heating drum or combustion cham 
ber 8, heat for which is supplied by any type of 
ourner (not shown). The combustion chamber 
is in turn provided with a discharge pipe 9 which 
also communicates with the interior of the oven 
A through the Opening 9. Thus, it will be seen 
that in the normal operation of the oven, air will 
be Withdrawn from the same into the fan casing 
and discharged through the heater 8 back to the 
interior of the oven, which operation permits 
continuous recirculation of heated air through 
the oven, thus maintaining the desired tempera 
ture within the Owen, with a minimum consump 
tion of fuel. 
The discharge pipe A, forming a communica 

tion between the fan casing 4 and the heater Or 
combustion chamber 8, is provided with a fresh 
air intake pipe , and an exhaust pipe 2, com 
municating with a suitable flue. (not shown), or 
outside atmosphere. A damper 3, pivotally 
mounted within the exhaust pipe 2, serves to 
control the exhaust of fumes from the oven, as 
will be hereinafter explained, while a damper 4, 
mounted within the discharge pipe 7, between 
the intake and the exhaust 2, controls the 
recirculation of air through the oven. Pivotally 
mounted within the fresh air intake are a pair 
of dampers 5 and 6 positioned above each other 
and equipped for independent operation, as will 
be hereinafter described. 
As set forth in the preceding objects, one of 

the purposes of the present invention is to effect, 
when desired, automatic control of the circula 
tion of air within the oven, and this may be 
accomplished by eliminating manual control of 
the dampers heretofore described, and providing 
mechanical means, actuation of which is con 
trolled by operation of the loading or charging 
door. 
As shown in the drawings, the dampers 3, 4, 
5 and 6 are provided with Suitable actuating 
arms , the arms of the dampers 3 and 6 be 
ing connected to the arm of the damper 4 by 

2,061,259 
links 8. In turn the arm of the damper 4 is 
Connected to a bell crank 9 through a link 20. 
Thus, upon oscillation of the bell crank 9, the 
dampers 3, f4 and 6 are simultaneously ac 
tuated. The bell crank 9 is in turn connected to 
a latch bar 2? having its Outer end connected to 
a weighted lever 22, provided with a roller 23, 
which is operatively engaged by the cam 24 car 
ried by the oven door 3. The damper 5, which 
is operated independently of the damper 6, is 
connected to a bell crank 25 by the link 26, and 
the bell crank is connected in turn to a Second 
weighted cam lever 27, through the link 28. 
The can lever 2i is also actuated by a cam 28 

carried by the oven door 3. Thus, it will be seen 
that as the oven door. 3 is shifted vertically, the 
cams 24 and 29, engaging the rollers 23 on levers 
22 and 27, will automatically effect actuation of 
the dampers 3, 4, 5 and S, to obtain the de 
Siled circulation of air within the oven, as will 
be described in connection with the operation of 
the apparatus. 
Subsequent to the closing of the oven door 3, 

it is desired to maintain the relative position 
of the dampers 3, 4 and 6, assumed upon 
opening the oven door, and therefore a pivotal 
dog 3 is provided to engage the nose 3 pro 
vided on the latch bar 2, which prevents shift 
ing of the latch bar by the weighted lever 22, 
when the can 24 leaves the roller 23, thus main 
taining the relative position of the dampers 3, 
A and 16, until the dog 3 is subsequently tripped 

after a predetermined period by the tripping 
mechanism 32. This mechanism comprises a ro 
tatable arm 33, which, through Suitable reduc 
tion gearing, is rotated by a motor 34. The 
outer end of the arm 33 carries a roller 35, which, 
upon rotation of the arm 33, engages the tail 36 
of the dog 30, causing the nose 3 to be released, 
permitting the weighted lever 22 to shift the 
latch bar 2 to its normal position, which opera 
tion results in returning the damperS 3, 4 and 

to their original position. 
In order to properly control the tripping mech 

anism 32, the motor circuit 35 is provided with 
Switches 36 and 37, respectively, both of which 
comprise Stationary contacts 38 and movable 
contacts 39 and 40. The contact 39, cooperating 
With the Stationary contact 38 of the switch 36, 
is Carried by a pivotal arm 4, connected to and 
OScillated by the shiftable latch bar 2. The 
contact A is Carried by a similar arm 42, con 
nected to and actuated by the link 28. 
Taking up the operation of the present inven 

tion, particular reference will be had to Figure 1, 
in Which the dampers are shown in their relative 
position for loading or charging of the oven. 
During this Operation, the Oven door 3 has been 
raised, and the cams 24 and 29 have rocked 
the cam levers 22 and 27, respectively, to shift 
the dampers to the positions illustrated, in which 
position the damper 3 has completely opened 
the exhaust 2, while the damper 4 has closed 
the discharge pipe 7 and cut off communication 
between the fan and the heater. Also, although 
the damper 6 has been shifted to open position, 
it Will be noted that the damper 5 has been 
closed, thus Shutting off the fresh air intake . 
Obviously, in this position of the dampers, air 
will be withdrawn from the oven by means of 
the blower, and discharged through the exhaust 
2 to a flue or OutSide atmosphere. Inasmuch 
as the fresh air inlet has been cut off, and 
communication between the heater and blower 
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through the opening 2, to replace the exhausted 
air. Thus, during the loading or charging of 
the oven, When the door is open, escape of fumes 
Or gases through the opening 2 is prevented. 
Upon completion of the loading or charging 

operation, the door 3 is closed, as shown in Figure 
2, Which operation permits the Weighted can 
lever 2i to rock to its normal position, opening 
the damper 5 in the fresh air intake . How 
ever, it Will be. noted that the dog 30, engaging 
the latch bar 23, has prevented shifting of the 
dampers A, 3 and 6. Therefore, as the blow 
er continues to exhaust air from the oven, fresh 
air is admitted through the intake , as both 
dampers 5 and 6 are opened. The fresh air 
thus admitted passes through the heater 8 and 
circulates through the oven, which operation is 
maintained for a predetermined period, sufficient 
to carry off and exhaust the greater portion of 
combustible gases given off by the freshly ja 
pained or enameled articles contained. Within the 
OWel. 
...The period of exhausting combustible fumes and 
gases from the oven is timed by the tripping 
mechanism 32, operation of which is initiated 
upon closing the door. 3. As shown in Figure 2, 
in: this position of the latch bar 2i and the link 
28, both switches 36 and 37 are closed, thus com 
pleting the motor circuit, and causing the trip 
arrin 33 to be rotated, until the same engages 
the tail 36 of the dog 30 to effect tripping of 
the latch bar 2, which is then shifted to its nor 
1nal position by the weighted cam lever 22, which 
operation opens the switch 36, thus breaking the 
ractor circuit and stopping operation of the trip 
piing.nechanism. 

Here it Will be noted that the tail 36 of the 
dog 3 , is provided with a nose 36', which, upon 
tripping of the tail by the roller 35, engages an 
auxiliary tooth 3 carried by the latch bar 2, 
thus preventing shifting of the latch bar until 
the arm 3 has passed from under the tail 36, 
which then allows the dog 30 to assume its nor 
rial position for latching. 
After exhausting of the greater portion of Com 

bustible gases from the oven, and completion of 
cpcration of the timed tripping mechanism, the 
atch bar 2 is shifted to its normal position, as 
shown in Figure 3, which shifting movement OS 
ciliates the bell crank 9 and shifts the dampers 
23, 2 g and 6 to the position illustrated in Figure 
3, in which position the communication between 
ine biower and the heater, through the discharge 
pipe, is again obtained, but the fresh air intake 
A is completely closed by the valve 6 and the 
exhaust 2 partially closed by the damper 3. In 
this position of the dampers, obviously, the 
greater portion of air drawn from the Owen Will be 
recircuiated through the heater and oven, thus 
: naintaining the desired temperature within the 
oven, with a minimum consumption of fuel, which 
not, only effects economy of operation, but also 
Yaterially reduces the time required for drying. 

: During the drying operation, it will be noted 
that the exhaust 2 is not completely closed by 
the damper 3 due to the fact that a certain 
annount of air for combustion must enter the 
heater 8, and naturally a sufficient volume of 
air must be exhausted from the System to allow 
its admission. This continuous" exhausting of a 
Sixall portion of air during the drying operation, 
in3S the further advantage of carrying off, con 
bustible gases, which must be continually given 
off during drying of the articles within the oven. 
As heretofore explained, it is contemplated that 

3. 
the present invention may be applied to ovens 
utilizing Swinging doors as well as the sliding 
door illustrated. In this connection, attention is 
directed to the modification illustrated in Figure 
4, in which the weighted levers 22' and 2' are 
mounted upon the shaft 44 and the sleeve 45, re 
Spectively. In this form of the invention the 
SWinging door 3' is provided with a roller 46, 
Which engages the arcuate cams 47 and 48 car 
ried by the shaft 44 and sleeve 45, respectively. 
Upon, Swinging of the door 3, the levers 22' and 
8. Will be rocked by the cams 4 and 48, in the 
Sarne manner as described in connection with the 
leverS 22 and 27, to effect desired operation of 
the dampers, in accordance with the foregoing 
explanation. 
From the preceding description taken in con 

nection with the drawings, it will be apparent 
that a Cornparatively simple and positive mech 
anism has been provided for automatically con 
trolling circulation of air within a drying oven, 
Whereby maximum efficiency is obtained and 
danger of explosion reduced to a minimum. In 
fact, actual tests of the present invention have 
demonstrated that during the recirculation of 
heated air within the oven, the explosive con 
tents of the fumes is reduced from approximately 
70% to 30%, which is considered sufficiently be 
low the danger point to effect a material reduc 
tion...in in Surance rateS. 
exhausting air from the Owen during loading or 
charging of the Sane, to admit air through the 
loading opening to prevent the escape of injurious 
flames, and thereafter drawing off and exhaust 
ing a greater portion of the explosive gases dur 
ing; an initial predetermined period prior to re 
circulation of heated air for the major portion of 
the drying period. 

It is obvious that the apparatus described 
above is adapted for carrying out the method 
involved in the present invention and which con 
sists, as pointed out above, in circulating fresh 
heated aii through the drying Owen for a pre 
determined period or for the initial drying stages 
So as to carry off the explosive gases or vapors 
given off by the articles being dried. As a result 
of this step of the method, the apparatus is not 
Only rendered Safe in that explosions are pre 
Vented but that the articles being dried have a 
better finish. Furthermore, this step shortens 
the entire drying period which means a saving in 
fuel consumption. Following the first step the 
Supply of fresh heated air is cut off or is large 
ly cut off and instead of discharging heated air 
from the Owen into a stack or flue the heated air 
is recirculated through the oven until the dry 
ing is completed. During the time when the 
Oven is being charged with the articles to be dried 
air is withdrawn from the oven but no heated 
air is Supplied thereto and the air supply of the 
Oven during Such interval is dependent upon the 
air flowing through the charging door. To sum 
marize the complete method, that is, the method 
With the Step which has the advantage of pre 
Venting escape of gases or vapors into the room or 
place in which the oven is located, it will be 
seen that the method consists in exhausting air 
and gases directly from the oven to cause a par 
tial vacuum therein when the door is closed car 
rying off the exhausted air and gases when the 
Owen is being loaded, Supplying fresh heated air 
under the influence of said partial vacuum and 
carrying off the exhausted air and gases during 
the early drying stage and recirculating through 

This is accomplished by 
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4. 
the oven the greater part of the heated air dur 
ing the final drying stage. 
The invention claimed is: 
1. In a drying oven having a loading door, a 

fan connected to said oven for drawing air there 
from, a heater having a communication. With Said 
fan, a connection between said heater and the 
interior of said oven, an exhaust outlet in the 
communication between said fan and heater, a 
fresh air intake positioned in said communication 
between said heater and exhaust, damperS COn 
trolling said intake and exhaust, a damper in the 
communication and located between said intake 
and exhaust, and means for actuating all of Said 
dampers upon the opening of said oven door to 
progressively effect exhaust of air from the oven 
and including means actuated by the closing of 
the door for actuating one of said damperS to 
create a circulation of fresh air through the 
heater and oven for a predetermined period. Sub 
sequent to loading of the oven and means for 
actuating the other dampers to recirculate heated 
air through the OVen. 

2. A drying oven having a loading door, a fan 
connected to said Owen for drawing air therefrom, 
a heater having communication. With Said fan, a 
communication between said heater and the inte 
rior of said oven, an exhaust Outlet positioned in 
the communication between said fan and heater, 
a fresh air intake in connection with said heater, 
dampers positioned in said exhaust outlet and 
fresh air intake, a damper positioned in Said Con 
munication between said intake and Said exhaust 
outlet, and means for actuating all of Said damp 
ers to open said exhaust outlet and close the fresh 
air intake and the communication between said 
fan and heater when the oven door is opened and 
including means to retard opening of the damper 
in the communication between said fan and 
heater and a timed mechanism for tripping said 
retarding mechanism at the expiration of a pre 
determined period subsequent to the closing of 
the oven door whereby the damper controlling 
the communication between the fan and heater is 
opened, and the fresh air intake is closed to effect 
recirculation of heated air through the oven. 

3. In a drying oven having a loading door, 
means for admitting fresh air to said drier, means 
for exhausting air from the drier, means for re 
circulating air through said drier, dampers for 
controlling all of Said means, means for actuating 
Said dampers upon the opening of said doors to 
exhaust air from the oven during loading of the 
Sane, means actuated by the closing of said door 
for actuating one of said dampers to provide for 
a circulation of fresh air through the oven, means 
for actuating the other dampers to provide for 
the recirculation of air through the oven after 
the expiration of a predetermined period, and 
means for heating the air circulated through the 
OWen, 

4. A drying oven having an exhaust fan con 
nected to said oven producing a partial vacuum 
therein, a heater through which air is drawn into 
Said Owen, a duct from said fan to said heater, an 
exhaust outlet in said duct between said fan and 
heater and on the outlet or pressure side of said 
fan, an air inlet opening in said duct between said 
exhaust outlet and said heater, dampers for said 
inlet and exhaust openings, a damper in said duct 
between said inlet and exhaust openings, inter 
locking mechanism to operate said dampers in 
predetermined order, and means for actuating 
said interlocking mechanism whereby to effect 
progressive circulation of fresh air through said 
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oven without re-circulation, recirculation of 
heated air through said oven together with a Sup 
ply of fresh air and stoppage of fresh air entry 
through said inlet and simultaneous exhaust of 
air from said oven while loading Same. 

5. A drying oven having an exhaust fan con 
nected to said oven producing a partial vacuum 
therein, a heater through which air is drawn into 
said oven, a duct from said fan to said heater, an 
exhaust outlet in said duct between Said Ian and 
heater and on the outlet or pressure side of Said 
fan, an air inlet opening in said duct between 
said exhaust outlet and said heater, damperS for 
said inlet and exhaust openings, a damper in said 
duct between said inlet and exhaust openings, in 
terlocking mechanism to operate said dampers in 
predetermined order, and automatic means for 
actuating said interlocking mechanism after a 
predetermined time interval, during which fresh 
air is circulated through said Owen, and means 
effecting recirculation of heated air through said 
OWel. 

6. In a drying oven having a loading door, 
means for admitting fresh air to said drying oven, 
means for exhausting air from said drying oven, 
means for recirculating air through Said drying 
oven, dampers for controlling all of Said means, 
means for actuating said dampers upon opening 
of said door to exhaust air from the oven during 
loading of same, means actuated by the closing 
of said door for actuating one of said dampers 
to provide for a circulation of fresh air through 
said oven. 

7. In a drying oven, a fan connected to said 
oven for drawing air therefrom, causing a par 
tial vacuum therein, a heater having a commu 
nication with said fan, a connection between said 
heater and the interior of Said Owen, an exhaust 
outlet in the communication between said fan and 
heater, a fresh air intake positioned in Said Com 
munication between said heater and Said exhaust 
outlet, a pair of dampers in said fresh air intake, 
a damper in said exhaust outlet, interlocking 
means for operating one of said intake dampers 
and the exhaust damper and independent means 
for operating the other intake damper. 

8. In a drying oven having a loading door, 
means for heating and recirculating the heated 
air through the oven, means for interrupting the 
recirculation of heated air, means for supplying 
fresh heated air to the drying oven, means op 
erated by the movement of said door for regulat 
ing the Supply of fresh heated air to the drying 
oven independently of the action of said recir 
culating means, means for exhausting air from 
the oven, and means for regulating the action of 
said air exhausting means. 

9. In an oven for baking materials giving off 
combustible gases, in combination, an outlet pipe 
for Withdrawing gases from said oven, an inlet 
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pipe connected with said outlet pipe for return- . 
ing Said gases to said oven, damper means for 
alternately connecting said outlet pipe With the 
atmosphere and with said inlet pipe, and means 
for causing Said damper means to connect said 
outlet pipe completely with the atmosphere for a 
predetermined period at the beginning of the 
bake. 

10. In an oven for baking materials giving off 
combustible gases, in combination, an outlet pipe 
for withdrawing gases from said oven, an inlet 
pipe connected with said outlet pipe for returning 
said gases to said oven, damper means for alter 
nately connecting said outlet pipe with the atmos 
phere and With said inlet pipe, means for causing 
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said damper means to connect said outlet pipe 
completely with the atmosphere for a predeter 
mined period at the beginning of the bake, and 
means for automatically moving said damper 
means at the end of Said predetermined period. 

11. In an Oven for baking materials giving off 
combustible gases, in combination, an outlet pipe 
for withdrawing gases from said oven, an inlet 
pipe connected With said outlet pipe for return 
ing Said gases to said oven, damper means for 
alternately connecting said outlet pipe with the 
atmosphere and With said inlet pipe, means for 
causing said damper means to connect said outlet 
pipe completely with the atmosphere for a pre 
determined period at the beginning of the bake, 
means for automatically moving said damper 

5 
means at the end of said predetermined period, 
and means for regulating the movement of Said 
damper means. 

12. The method of circulating air in a drying 
oven having a loading door, exhaust outlet and 
intake opening, consisting of exhausting air from 
the oven through said outlet While preventnig air 
from entering said opening When the door is Open, 
exhausting air from the oven through said outlet 
and admitting fresh air through said Opening for 
a predetermined period after said door is closed 
and thereafter recirculating air through said Owen 
without admission of fresh air through said open 
ing until said door is reopened. 
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