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11 Claims.

My invention is concerned with a process and
apparatus for carrying out kiln drying, particu-
larly the kiln drying of lumber; and it is my
object to improve, accelerate, and lower the cost

5 of kiln drying of lumber, and to provide a sim-

‘ple apparatus for controlling the drying process.

It has long been recognized that the proper
kiln drying of lumber necessitates the control of
both humidity and temperature of the air with-

10 in the kiln. In my prior Patents No. 1,490,569,
issued April 15, 1924, and No. 1,513,727, issued
October 28, 1924, T disclosed a process and appa-
ratus by the use of which lumber could be dried
more satisfactorily and in less time than by the

15 use of previously known processes. The process
contemplated in my two prior patents embodied
the repeated raising and lowering of the relative
humidity between wide limits, the lower limits
being below the value which would be safe for

2p the material if continued. Each cycle of the
process embodied two steps: First, a gradual de-
crease in relative humidity; and second, an in-
crease, desirably relatively abrupt. The pre-
ferred apparatus contemplated in my two prior

o;. patents included wet-bulb and dry-bulb ther-
mometers. The relative humidity was controlled
on one of three ways—i. e., by means controlled
jointly by wet-bulb and dry-bulb temperatures,
by means responsive to wet-bulb temperatures

30 alone, or by means responsive to dry-bulb tem-
peratures alone. In any of these modifications,
the mean dry-bulb temperature might be in-
creased and relative humidity decreased as the
drying process proceeded.

That process, together with the apparatus by
means of which it was carried out, had the ad-
vantages noted in my prior patents. It acceler-
ated the drying and largely eliminated from the
lumber dried such defects as cracking, splitting,
. 40 and case-hardening. - The repeated lowering of

the relative humidity to a point which would be
dangerous if continued was most effective in re-
moving moisture from the wood and more par-
ticularly from the surface of the wood, while the

45 repeated raising of the relative humidity softened
the surface of the wood and kept the surface in
condition to permit the passage of moisture from
the interior to the outer portions of the lumber.

I have now found that the process described in

50 my prior patents can be improved, that the ap-

paratus necessary for the control of the drying
process can be simplified, and that the total time
required for drying may be materially lowered
by modifying the process disclosed in my prior
patents. My improved process comprises sub-
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(CL 34—24)

jecting the lumber to repetitions of a three-
step cycle instead of, although including, the
simple two-step cycle shown in my prior patents.
My new process involves the following steps:

1. Raising the temperature and the relative hu-
midity;

2. Lowering the relative humidity by produc-
ing a further rise in temperature, this step con-
tinuing either for a predetermined time or until
a predetermined temperature is reached;

3. Permitting the temperature to drop; and
repeating this cycle until the lumber is dry.

My process can be carried out by differen* types
of apparatus among which may be manually
controlled apparatus, time-controlled apparatus,
automatic apparatus controlled by temperature-
responsive means, or by the combination of time
and temperature-responsive means. I prefer the
last.

The accompanying drawings illustrate appa- o

ratus by means of which my process can be effec-
tually carried out: Fig. 1 is a transverse section
through a lumber-drying kiln, the control appa-
ratus being illustrated diagrammatically; Fig. 2
is an illustration of one form of a thermostatically
controlled switch suitable for incorporation with
the control apparatus; Fig. 3 is a somewhat dia-
grammatic illustration of a time-controlled
switch also embcdied in the control apparatus;
Fig. 4 is a somewhat diagrammatic illustration
of one of several motor units which are employed
in operating the valves that conirol the supply
of steam to the kiln; Fig. 5 is an elevation of one
of such steam-control valves illustrating the
manner in which it is connected to the motor
unit; Fig. 6 is a horizontal section through a
forced-draft type of kiln showing my control
apparatus arranged to control temperature and
humidity conditions within such kiln; Figs. 7
and 8 are vertical sections on the lines 7—7 and
8—8 respectively of Fig. 6; Fig. 9 is a vertical
section on the line 9—9 of Fig. 8; Figs. 10 and 11
are diagrammatic illustrations of modified ar-
rangements of electrical connections of the con-
trol apparatus; Fig. 12 is a chart in which curves
of somewhat idealized form are used to illus-
trate the variations in dry-bulb temperature and
relative humidity during the drying process; and
Fig. 13 is an illustration showing the motor mem-
ber of the thermostatically-controlled switch lo-
cated within a sample of the wood to be dried in
the kiln. .

In Fig. 1, the kiln 10 may be of any desired con-
struction, and embodies heating means i1 and air-
humidifying means 12. I may provide also some
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suitable means such as the tracks i3 for support-
ing trucks carrying the lumber or other material
which is to be dried. The nature of the heating
means and the air-humidifying means, and also
the precise arrangement of these elements rela-
tive to the kiln 10 and tracks 13, is immaterial.
I prefer, however, to provide heating means in
the form of steam coils and to locate such heat-
ing means below the tracks 13. I prefer also
that the humidifying means 12 consist of steam-
spray pipes. The steam for the heating coils
i1 and for the air-humidifying means is con-
veniently supplied from two pipes 16 and (1
which lead respectively to the heating coils and
the air-humidifying means. In the pipes 16 and
11, I provide automatically controlled valves {8
and 19 respectively, which will be described in
detail hereinafter.

Although it is not essential, I may provide the
kiln with ventilating means. As illustrated in
the drawings, this means takes the form of ver-
tical ducts 21 located in the walls of the kiln
and provided with openings 22 through which
they communicate with the interior of the kiln.
Near their upper ends, the ducts 21 are provided
with outlet openings 23. Air-flow through the
ducts is controlled by valves or dampers 24 which
may take any desired form. As illustrated in the
drawings, the dampers 24 are in the form of
butterfly valves each of which carries a pulley
or sprocket 25. A chain or other flexible ele-
ment 26 passes over the sprockets 25, and may
be moved in one direction by a weight 2T which
tends to maintain the dampers 24 in open posi-
tion. The dampers may be closed by moving
the chain 26 to raise the weight 21. One or more
air-inlet openings 28 may be provided near the
bottom of the kiln, these openings being con-
veniently controlled by dampers 30 arranged to
be operated simultaneously with the outlet
dampers 24.

Desirably, the dampers are controlled auto-
matically along with the valve 18 which con-
trols the supply of heating steam and the valve
19 which controls the supply of humidifying
steam.

My invention is not limited to any particular
form of control apparatus, as many different
kinds of control apparatus may be used. In its
broader aspects, my invention is not even lim-
ited to the use of automatic control apparatus
as my process may be carried out under manual
control. .

In the automatic control apparatus illustrated
in the drawings, I employ electric motor units of
the well-known Honeywell type. One of such
units is illustrated somewhat diagrammatically
in Fig. 4. It comprises an electric motor 3%
adapted to be connected through the primary of
a transformer 36 to a source of alternating cur-
rent. The motor 35 may be mounted in a casing
37 through which there extends a shaft 38 oper-
atively connected with the motor 35 through some
form of speed-reducing gearing. Within the
casing 37, the shaft 38 has mounted for rotation
with it a contact arm 40 which co-operates with
a stationary commutator having two diametri-
cally opposite control contacts 41 and 42 and two
holding-circuit contacts 43. One end of the sec-
ondary of the transformer 36 is connected to
the contact arm 40, and the other end is con-
nected to the two holding-contacts 43 and to a
terminal 45. The two control contacts 41 and
42 are connected respectively to two other termi-
nals 48 and 41.

1,997,826

Normally, the shaft 38 is at rest with the con-
tact-arm 40 engaging one of the control contacts

41 or 42, there is no electrical connection be-.

tween the terminal 45 and either of the terminals
46 and 41, and the secondary circuit of the trans-
former 36 is therefore open. Since no current
flows through the transformer-secondary, the
primary acts as a choke coil and prevents a sup-
ply of current to the motor 35. As shown in
Fig. 4, the contact arm 40 is in engagement with
the control contact 41, and it will remain in this
position until a circuit is completed between the
terminals 45 and 46. Thereupon, the secondary
of the transformer 36 will be short-circuited
through the contact arm 40, contact 41, and the
terminals 46 and 45. This short-circuiting of
the transformer secondary permits the flow of
current to the motor 35, which begins to rotate
the shaft 38. As the shaft 38 rotates, the con-
tact arm 40 passes into engagement with one
of the holding-circuit contacts 43, and the sec-
ondary of the transformer 36 remains short-cir-
cuited through such contact 43 and the contact
arm 49 until the contact arm passes out of en-
gagement with such holding-circuit contact and
into engagement with the control contact 42.
Unless a circuit is completed between the termi-
nals 45 and 41, the secondary of the transformer
36 is thus open-circuited and the motor 35 stops.
‘When a circuit is completed between the termi-
nals 45 and 47, the transformer-secondary is
again short-circuited, and the shaft 38 makes
another half-revolution to return the contact
arm 40 into engagement with the control con-
tact 41. .

In the arrangement of control apparatus illus-
trated in Fig. 1 there are three of the motor units
such as have just been described. One of these,
here indicated as 50, operates the steam valve
I8 which controls the supply of steam to the
heating coils 1. Another unit, here indicated
as 51, operates the valve 19 which controls the
supply of steam to the humidifying pipes {2.
The third motor unit 52 controls the ventilating
dampers 24 and 30. It will be evident that if the
kiln is not provided with dampers there will be
no necessity for the third motor unit 52.

One arrangement by which the motor units 50
and 51 control the valves 18 and {9 is illustrated
in detail in Figs. 4 and 5. As shown, the shaft
38 projects outwardly beyond the sides of the cas-
ing 37 and has mounted for rotation with it two
eccentrics 55. Eccentric rods 56 are connected
to these two eccentrics and extend downward
through a cross-head 57 carried by the stem 58
of the valve 18, which may be an ordinary globe
valve. The rods 56 are loosely received within
holes in the cross-head 57, and compression
springs 59 act oppositely between the cross-head
and spring-abutments 60 on each of the rods
56. When the two eccentrics 55 are in their
lowermost position, the valve 18 is held closed,
the upper springs 59 being compressed. When
the shaft 38 rotates through one-half revolution,
however, the eccentrics 55 will raise the cross-
head 57 and the valve stem 58 to open the valve.
The lower pair of springs 59 -are provided to pre-
vent any injury which might result should the
valve stem or cross-head encounter any obstruc-
tion to upward movement before the eccentrics
55 have reached their uppermost position.

In the motor unit 52, which controls the
dampers 24, I may mount on the projecting end
of the shaft 38 a crank 62 to the end of which
the chain 26 is connected. Durihg one half
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revolution of the crank 62, it will move the chain
26 to close the dampers 24 and 30 and raise the
weight 271; and during the next half-revolution,
the crank will permit the weight 21 to drop and
open the dampers,

The three motor units 50, §1, and 52 are under
the joint control of a thermostatic switch 65
and a time-controlled switch 66. These switches
operate to open and close circuits between the
terminal 45 and the terminals 48 and 47 of each
of the motor units, and thereby control the posi-
tion of the shafts 38 of the motor units.

One form of temperature-responsive switch 65
which is suitable for use in carrying out my in-
vention is illustrated in Fig. 2. It comprises a

_pivotally mounted contact finger 10 adapted to

be swung about its axis under the control of a
Bourdon tube Tl which is connected through a
tube 712 with a fluid-pressure bulb 73 located
within the kiln.

Co-operating with the contact arm 10 are three
adjustable but normally stationary contacts 15,
18, and 11. As shown in Fig. 2, the contact arm
70 is at the leftward limit of its movement and in
engagement with the contact 75. As the tem-
perature within the kiln increases, the contact
arm is moved to the right to engage first the con-
tact 16, and then the contact 71. In the par-
ticular form of switch 65 illustrated in the draw-
ings, the intermediate contact 76 is mounted upon
a pivoted arm 76’ biased toward the left as by
means of a spring 18. For the purpose of limiting
leftward movement of the arm 76’, there is pro-
vided an adjusting arm 19 which carries an abut-
ment 19’ that engages the arm 76’ and limits its
movement under the influence of the spring 18.
Upon a decrease in kiln temperature, the contact
finger moves toward the left, the contact-bearing
arm 16’ moving with it until the abutment 79’
is engaged, whereupon leftward movement of the
contact 16 and its supporting arm 16’ ceases, and
the contact arm 70 continues on toward the low-
temperature contact 15.

-The time-controlled switch 66 may be of any
desired construction, Fig. 3 being merely g dia-
grammatic illustration of one form of suitable
switch. This switch comprises a fixed contact 80
and a movable contact 81, the latter being mount-
ed on an arm 82 which is movable to cause en-
gagement and disengagement of the two con-
tacts. The arm 82 is biased, as by means of a
spring 83, toward a position in which the con-
tacts 80 and 8! will engage. Normally, the arm
82 is held away from this position by means of
a rotatable disk 84, the periphery of which is en-
gaged by the end of the arm 82. At suitable
angular intervals, the periphery of the disk 84 is
notched as at 85 in such a manner that the arm
82 will be permitted to carry the contact 81 into
engagement with the contact 80 whenever one
of the notches 85 comes into alinement with the
end of the arm 82,

Any convenient means may be employed for
rotating the disk 84 at the desired speed. As illus-
trated in Fig. 3 this means comprises a synchro-
nous motor 86 adapted to be connected to a source
of alternating current and arranged to drive the
disk 84 through suitable speed-reducing gearing.

The electrical connections between the motor
units 50, 51, and 52 and the switches 65 and 66 are
illustrated in Fiig. 1. The three terminals 45 of the
motor units are connected together and to thecon-
tact arm 10 of the switch 65. The three contacts
4€ of the motor units are also connected together
and. to the low-temperature contact 15 of the

switch 68. The terminal 47 of the motor unit 50 is
connected to the high temperature contact 17 of
the temperature-controlled switch, and the termi-
nals 47 of the two motor units 5§/ and 52 are con-
nected together and to the intermediate-tempera-
ture contact 18 of the switch 68. In addition, the
time-controlled switch 66 is connected between
the terminals 48 and 47 of the motor unit 50,

‘and is thus in parallel with the contact arm 70

and contact 171 of the thermostatic switch 68.

In Fig. 1, the various parts of the control ap-
paratus are illustrated in the positions they oc-
cupy during the cooling period. The valve 18
controlling the heating system and the valve 19
controlling the humidifying steam are both closed,
and the dampers 24 are open. During this period,
the temperature within the kiln is gradually drop-
ping, and the contact arm 70 of the thermo-
statically controlled switch 65 is moving to the
left toward the contact 15. When it reaches this
contact, the cooling period is terminated and the
humidifying period begun. -

The engagement of the contact arm 70 with
the contact 15 short-circuits the secondaries of
the transformers in each of the motor units 50
and 81, and also 82 if ventilation control is pro-
vided, thus causing all the shafts 38 to make a

one-half revolution. This operation of the motor:

units opens the valves 18 and 19 and closes the
dampers 24 and 30. 'The resultant supply of
steam to the heating coils 11 and to the spray
pipes 12 rapidly increases the temperature and
relative humidity within the kiln; and as a re-
sult of the rise in the kiln temperature, the con-
tact arm 10 of the temperature-responsive switch
moves to the right toward the intermediate con-
tact 16.

‘When the contact arm 10 engages the contact
16, the secondary of the transformer associated
with the motor unit 51 is short-circuited to cause
the shaft 38 of such motor unit to make a one-
half revolution to close the steam-~spray valve 8.
At the same time, if damper control is provided,
the secondary of the transformer associated with
the motor 52 is also short-circuited; and the re-
sultant one-half revolution of the crank 62 opens
the dampers 24 and 30, and provides for the cir-
culation of air through the kiln.

The operations which have just been described
terminate the spraying period and initiate the
heating period, as the valve I8, which controls
the supply of steam to the heating coils {1, re-
mains open. Due to the rise in temperature, and
the ventilation desirably provided by the opening
of the dampers 24 and 30, if they are used, the
relative humidity of the air in the kiln gradually
decreases as the heating period progresses. The
heating period continues until terminated either
by the thermostatic switch 65 or by the time-
controlled switch 66. If the heating period is
terminated by the thermostatic switch, the
steam-supply valve 18 remains open until the
contact arm 710 engages the contact 11 as
a result of the continued rise of tempera-
ture in the kiln, Wh:n this occurs, the
motor unit 50 is energized to close the valve 18.
In certain instances, however, the time-controlled
switch 66 may close the secondary circuit of the
transformer in the motor unit 50 before the tem-
perature of the kiln has risen sufficiently to cause
the contact arm 10 to engage the high-tempera-
ture contact 17. In such an event, the closing
of the time-controlled switch results in the clos-
ing of the steam-supply valve 8. In either event,
the supply of heating steam to the kiln is cut off,
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and the Kkiln, temperature gradually drops, the
various parts of the control apparatus during the
cooling period occupymg the positiors illustrated
in Fig, 1. When the tempera.ture has dropped
sufficiently to.bring the contact arm 710 into en-
gagement with the low—temperature contact 15, a
new cycle is initiated.

My process and control apparatus are not lim-
ited to use in connéction with, the more common
type of dry kiln. ;llustratgd in FLg 1, as they may
also be employed in a fpréed- dJ;aft klln, a par-
ticular type of which, 1s 11‘1ustrated in Fjgs 6 to
9 inclusive. The fofced- d,ra,ft kiln shown'in Figs.
6 to.9.is a reversible, c1rcu;lation klln ‘but the re-
versible circulation feature per .se is not my in-
vention. This type of klln 1s known and need be
but briefly descr 1bed here.. .

In such a klln ‘the. Walls are provxded with air
ducts 100 which commumcate with the interior
of the kiln through a mulmplmlty of openings 101
well distributed over the mner face of the wall.
Extending longltudmally of the kiln near the
center ther:of is a parftitioy. whlch has a similar
duet 102 extehding throughif, this duct also com~
municates, with, the .interior of the kiln through
opehings {03. 51m11ar to the openings 101,

At the enid of tHe kil there are two transverse-
ly extending chambers 105 and (06 separated by
a horizontal partition 107. ‘The upper chamb:r
{06 communicates with the two ducts 100 in the
side walls of the kiln, while the lower chamber
{05 communicates with the duct 102 in the cen-
tral kim-partition.

The circulation of air through the kiln is ob-
tained by means of a fan or blower {08 (Figs. 6
and 8) driven by any suitable means such as the
electric motor 109. The blower 108 has a
branched air-inlet, the two branches 110 and (14
of which communicate respectively with the two
chambers (05 and 106. The discharge conduit
of the fan is also branched, the two discharge
branches 112 and {i3 also communicating re-
spectively with the chambers 105 and 106. Air
flow through the four branches is controlled re-
spectively by means of dampers {14, {15, (16, and
{11. The two dampers {14 and 115 are desirably
mechanically interconnected in such a way that
when one of them is opened the other is closed.
The two dampers ({5 and 11T are similarly ar-

50. ranged; and in addition the damper {i4 is ar-

-1
[}

ranged to be open when the damper (16 is closed.
In practice, the positions of each of the four
dampers is periodically reverssd, as by means of
electric motors {20 which may be time-controlled.

With the dampers arranged as in PFigs. 7, and
8, air is drawn out of the kiln through the cen-
tral kiln-partition conduit 102, the chamber {05,
and the branch {18 of the inlet conduit. 'The air
discharged from the fan passes through the
branch {13 of the discharge conduit into the
chamber 106, and thence into the ducts 100 in
the side walls of the kiln. Upon a reversal in
the positions of the four dampers (14, 15, (18,
and {11, the direction of air flow in the kiln is
reversed, the air passing out from the kiln
through the side-wall ducts 100, through the fan,
and back to the kiln through the duct 102.

In such a kiln, the relative humidity may be
increased by means of steam-spray pipes 12, as
in the kiln illustrated in Fig. 1. The heating
means, however, is not located directly in the kiln,
but instead comprises a series of steam coils 122
located in the discHarge conduit of the fan 108
and adapted to heat the air discharged from such
fan before it enters the kiln,

" and cooling periods.

In the inlet and the discharge conduits of the
fan 107, there are respectively located ventilation
conduits (25 and 126, air-flow through which is
controlled respectlvgly by dampers 121 and 128.
During the spraying period, these dampers are
closed, and they preferably remain closed through
the heating period also. When they are closed,
no fresh air is admitted to the kiln itself or to the
inlét or discharge conduit of the fan 108. When
the dampers 127 and 128 are open, however, some
fresh air is drawn into the fan and displaces some
of the air in the circulating system, the displaced
air escaping through the conduit 126.

"The control apparatus employed in automati-
cally controlling temperdture and humidity con-
ditions in the kiln shown in Figs. 6 to 9 inclusive
may be substantially the same as that illustrated
in connection with the common type of kiln
shown in Fig. 1. 'The motor unit 50 operates the
valve 18 which controls the supply of steam to
the heating coils 122; the motor unit 51 operates
the steam-spray valve 18, and the motor unit 52
controls the ventilating dampers 121 and 128,

In addition, I prefer to provide a control for
the fan motor 109 in order that the fan may be
rendered inoperative during the spraying pe-
riod. This control may conveniently take the
form of a switch 130 which is associated with the
steam-spray valve 19 or the motor unit 51 and
which opens the supply circuit to the fan motor
when the steam-spray valve 18 is opened and
which closes the motor supply circuit when the
valve (9 is closed. )

The control apparatus illustrated in Fig. 6 op-
erates in a manner analogous to that of the con-
trol apparatus associated with the kiln shown in
Fig. 1. During the cooling period, the valves 18
and 19 are closed, the dampers 127 and 128 open,
and the fan is running. Upon the termination of
the cooling period, the valves I8 and {9 are
ocpened and the dampers 12T and 128 closed to
initiate the spraying period. Due to the opening
of the valve 19, the switch 139 is opzned and the
fan 108 is stopped, and there is no circulation of
air through the kiln. When the temperature
within the kiln has reached a value sufficient to
terminate the spraying period under the control
of the switch 65, the steam-spray valve 19 is
closed. This operation of the valve 18 also closes
the switch 130, and the fan (08 is started to insti-
tute the heating period, which continues until
terminated either by the switch 65 or by the time-
controlled switch 66. Upon the termination of
the heating period, the valve 18 is closed, the fan
108 continues to operate, and the temperature
within the kiln gradually drops until it reaches
the value at which the thermostatic switch 65
institutes a new spraying period.

The dampers 12T and (28 may be controlled in
a manner analogous to the dampers 24 and 30
shown in Fig. 1—i. e., they may be closed during
the spraying period and open during the heating
I prefer, however, to op-
erate them in such a manner that they will be
closed during the spraying and heating periods
and open only during the cooling period. This
result is easily accomplished by rearranging the
connections of the motor units as shown in Fig.
10. The terminal 47 of the motor unit 52 is dis-
connected from the corresponding terminal of the
motor unit 5f and connected to the terminal 47
of the motor unit 50. If this is done, the dampers
127 and 128 will operate with the steam valve 18,
being closed when such valve is open and open
when such valve is closed.
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In both forms of kiln which have been illus-
trated and described, it will be noted that steam
is supplied to the heating coils during the spraying
period. While I regard this as desirable, it is not
essential, however, ag I may delay the opening of
the valve I8 until the termination of the spraying
period. The electrical connections between the
motor units 50, 51, and 52 may be changed as in-
dictated in Fig. 11 to accomplish this mode of op-
eration. In Fig. 11, the connections are the same
as those shown in Fig. 1 except that the terminal
47 of the motor unit 60, which terminal controls
the opening of the heating-steam valve 18, is con-
nected - to the intermediate contact 76 of the
switch 65 instead of to the low-temperature con-
tact 75. As a result, the valve is not opened until
the spraying period is terminated.

As stated above, the heating period may be
terminated either by the temperature-responsive
switch 65 or by the time-controlled switch 66

which is closed for a short time at definite inter~

vals. The infervals between successive closings
of the switch 66 may vary with the kind and size
of lumber being dried, but I have found a four-
hour interval satisfactory for most lumber.
This places a maximum time limit of four hours
on each heating period during the drying process;
and except in rare instances limits the duration
of the whole cycle to four hours.

The apparatus which has been described is but
one example of a control means by which my
process may be carried out. The drying process
can be practiced by manual control or by any
form of automatic control which provides repe-
titions of the three-step cycle comprising a hu-
midifying period, a heating period, and a cooling
period.

As an example of dry-bulb temperatures at
which the three steps of the drying cycle can be
begun or terminated, I may note here one set of
kiln temperatures which have been satisfactorily
utilized in the drying of two-inch maple lumber.
When such lumber is being dried, I may set the
low-temperature contact 15 of the temperature-
controlled switch 65 so that it is engaged by the
contact arm 70 when the dry-bulb temperature
within the kiln is approximately 135° F; I set the

- intermediate contact 76 in such a position that it

will be engaged by the contact arm 70 when the
dry-bulb temperature within the kiln is approxi-
mately 154° F.; and the high-temperature con-
tact 17 is arranged to be engaged by the contact
arm 10 when a dry-bulb temperature of 170° F.
exists in the kiln. The time-controlled switch 66
closes momentarily at four-hour intervals.

With the apparatus described, with the elec-
trical connections arranged as in Fig. 1 whereby
both the steam-spray valve {9 and the heating-
steam valve 18 open at the termination of a cool-
ing period, and with the contacts 15, 76, and 77 of
the temperature-controlled switch 65 adjusted as
just set forth, the normal cycle comprises the fol-
lowing steps, beginning with a kiln temperature of
approximately 135° F.:

1. The valves {8 and {9 open, the steam sup-
plied to the kiln in the form of a spray causes a
rapid rise in relative humidity, and such steam,
supplemented by the steam supplied to the heat-
ing coils, causes a rise of temperature to 154° F

2. Following the closing of the steam-spray
valve 19, a gradual lowering of the relative hu-
midity and a gradual increase in dry-bulb tem-
perature occur, until ‘the heating period is ter-
minated either by the action of the thermostatic

switch 685 or by that of the time-dbntrolled
switch 66.
3. Upon the termination of the heating period,

the temperature within the kiln gradually drops’

to 135° F., whereupon the cooling périod is ter-
minated and & new cycle instituted. The relative
humidity during the cooling period depends upon
ventilation and the condition of the outside at-
mosphere, and any change in relative humidity
during the cooling period is usua,lly relatively
slight,.

Should the electrical connections be arranged
as shown in Fig, 10, whereby the heating system
is not turned on until the spraying period is ter-

‘minated, the cycle will be substantially the same

except that the spraying period may be slightly
longer; for under such circumstances the rise in
kiln temperature from 135° to 154° F. is caused
solely by the steam spray without the aid of any
heating steam in the coils (1.

In my prior patents, I contemplated that the
average relative humidity during the drying proc-
ess might be gradually lowered as the drying
proeess proceeded, and I also contemplated that
the maximum dry-bulb temperatures might be
gradually increased during the drying process.
In those patents, one of several control devices
was shown as arranged to accomplish these re-
sults. In my present process, however, I have
found that no special provision need be made to
effect the lowering of average relative humidity
and the raising of average dry-bulb temperature
as the drying process progresses.

Thus, the wood as first placed in the kiln is
relatively cool and absorbs a relatively large
amount of heat during the humidifying period.
In order to raise the dry-bulb temperature within
the kiln to the point where the steam-spray is
shut off, therefore, more steam and hence more
moisture must be introduced into the kiln than
at later stages in the drying process when the
lumber is relatively warm. As a result, the rela-
tive humidity at the end of a steaming period
near the beginning of the drying process is some-
what higher than it is at the end of a steaming
period later on in the drying process. In the spe-
cific example of controlling temperatures set
forth above as suitable for the drying of two-
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inch maple lumber, the relative humidity near -

the end of a steaming period early in the drying
process may reach or exceed 90%:; whereas, at
the end of a steaming period near the end of the
drying process, it will be approximately 75%.

Further, early in the drying process, when the
lumber is relatively wet and cold, it will absorb
a larger amount of heat than it would if warmer
and drier; and as a result of this, the heating
period is terminated during these early stages by
the operation of the time-controlled switch 66
before the maximum dry-bulb temperature pro-
vided by the thermostatic switch is reached.
Later in the drying process sich maximum tem-
perature will usually be reached and the supply
of heating steam cut off by the action of the tem-
perature-controlled switch 50 before the heating
period is terminated by the time-controlled
switch 51.

During the earlier stages of the process, when
the wood is relatively cool and wet, the cooling
cycle is much shorter than it is at later stages
when the wood has become relatively dry and
warm. This fact aids materially in the satisfac-
tory conditioning of the lumber; for as the drying
process proceeds the need for efficient transfer-
ence of moisture from the interior of the wood to
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the surface-becomes greater, and the longer cool-
ing period from the higher temperature is more
effective in producing this moisture transfer-
ence. - :

In order to make clear the changes in dry-bulb
temperatures and in relative humidities during
the drying process, I have shown in Fig. 12, mere-
ly by way of example, a chart in which dry-bulb
temperature and relative humidity curves are
plotted againgt time. The vertical lines on this
chart are spaced at four-hour intervals, and cor-
respond to the closing of the time-controlled

-switch €6. Dry-bulb temperatures are indicated

by the upper full-line curve, and relative humidi-
ties by the lower full-line curve. The controlling
temperatures are those mentioned above; namely,
135°, 154°, and 170° F. These curves, which are
somewhat idealized, show the increase in both
temperature and relative humidity during the
spraying period, the decrease in relative humidity
and the continued increase of temperature dur-
ing the heating period, and the decrease in tem-
perature during the cooling period.

Superposed on the temperature and relative
humidity curves, I have shown dotted-line curves
which represent respectively mean dry-bulb tem-
perature and mean relative humidity. From
these dotted line curves, it will be apparent that
the mean temperature rises and the mean relative
humidity falls as the drying process continues.
The areas between the full-line curve represent-
ing changes in relative humidity and the dotted-
line -curve representing mean relative humidity
have been shaded to show that the total of the
time-humidity areas below the mean-humidity
line is much larger than the total of the corre-
sponding areas above the line. This indicates the
effectiveness of my new process in removing
moisture from the wood.

The fact that the time-humidity areas below
the mean humidity line are in the aggregate much
larger than the time-humidity areas above such
line is due to the drop in relative humidity dur-
ing the second period of each cycle and to the
practically unchanging humidity during the cool-
ing period. The drop in relative humidity dur-
ing the heating period is caused by the continued
rise in Kiln temperature which follows the ter-
mination of the humidifying period.

It will be noted that during the early cycles
the heating period is terminated at four-hour in-
tervals by the action of the time-controlled
switch 66. As drying continues, however, the
temperature reached at the end of each heating
périod becomes higher; and eventually, here
shown as in the ninth cycle, the kiln tempera-
ture has reached such a point that the heating
pericd is terminated by the action of the ther-
mostatic switch 65 instead of by the action of the
time-controlled switch 66.

The time-controlled switch 66, however, con-
tinues to close periodically; so that rather infre-
quently there may occur a cycle such as is indi-
cated at A, in which the time-controlled switch
66 closes during the spraying period. When this
gccurs, the supply of heating steam to the kiln is
shut off, but the steam-spray continues until
the kiln has reached the temperature at which
the spraying period terminates. 'Thereupon, the
kiln and its contents cool until the minimum tem-
perature is reached, and a new cycle is then in-
stituted. Such an abnormal cycle, which as
stated occurs infrequently, has no harmful ef-
fect; as it results merely in the addition of a
slightly greater quantity of moisture.

"6 1,997,826

It is also possible that after several cycles dur-
ing which the heating periods have heen ter-
minated by the thermostatic switch there may
oceur a cycle, such as B, in which the time-con-
trolled switch closes early in the heating period.
Such an event likewise has no harmful effect, as
that particular cycle is merely shortened; and
following it, normal cycles again occur.

The temperatures set forth ahove as exam-
ples—namely 135° F., 154° P,, and 170° P.—as
marking termination of the various steps of the
cycles in the drying process are suitable for the
kind of lumber under consideration—that is, two-
inch maple lumber. As in my prior patents, the
low relative humidity value attained during each
cycle is below that which would be safe for the
Iumber if continued. The controiling tempera-
tures, as will be readily understood by those skilled
in the art, should vary with the character and
size of the lumber being dried. In general, it may
be noted that higher temperatures and lower rel-
ative humidities will be used in drying thin, soft
woods, and vice versa. The relative humidity is
determined chiefly by the temperature at which
the spraying period terminates—that is, by the
location of the intermediate-temperature con-
tact 76.of the switch 65. If higher relative hu-

midities are desired this intermediate-tempera- .

ture contact is moved to the right to raise the

temperature at which it is engaged by the con- 3

tact arm 70 and thereby to lengthen the spray-
ing period. If lower relative humidities are de-
sired the intermediate-temperature contact is
moved to the left in order that it will be engaged
by the contact arm 10 at a lower tecmperature.
The improved process disclosed in this appli-
cation has several advantages over the simple
process set forth in my prior patents. In the
first place, lumber can be dried with a saving of
from 15 to 25 percent in drying time, even over
the shortened drying time the simple process of
my said prior patent provided, and in some in-
stances the saving is even greater., In the sec-
ond place, my improved process effects a marked
decrease in the amount of steam used for hu-
midifying. In some instances this = decrease
amounts to over 60 percent. This appears to be
due to the fact that the cooling period which has
been introduced in each cycle by my present in-

vention has the effect of transfusing moisture

from the interior of the lumber towards the sur-
face, and the lumber thereby becomes less absorb-
ent during the spraying cycle which follows.

My present process can be carried out by sim-
prle temperature-responsive mechanism respon-
sive to dry-bulb temperatures within the kiln,
and no wet-bulb control with its complications
need be used. Further, by my present process I
am enabled, without providing any special appa-
ratus therefor, to obtain lower average relative
humidities and higher average dry-bulb tem-
peratures as the drying process proceeds.

It may be of advantage in certain circum-
stances to control the drying cycle in accordance
with the temperature existing in the interior of
the Iumber being dried rather than in accord-
ance with the temperature of the air in the kiln.
This may readily be done by mounting the fluid
pressure motor member 73 within a sample piece
of lumber of the same kind and size as the lum-
ber being dried, as shown in Fig. 13. This meth-
od of control will necessitate a re-setting of the
contacts 15, 76, and 7T of the thermostatic switch
65, since the range of temperature variation with-

in the lumber will be smaller than that of the
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air in the kiln. It has an advantage, however,
in that one setting of the contacts 15, 16, and 11
may serve in controlling the drying of a wide
variety of sizes and kinds of lumber.

If the drying process is controlled in accordance
with temperatures in the interior of a sample

board, such sample board should be located in

the kiln at a point where conditions of air-cir-
culation and air temperature approximate the
average for the kiln,

I believe that this arrangement for controlling

" the thermostatic switch is broadly new whether
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applied to the process of this applica,tion or to
other drying processes.

I claim as my invention:

1. The method of drying wood, which consists

in exposing it to air, and subjecting such air to

variations of temperature and relative humidity
in repetitions of a cycle including a period in
which temperature and relative humidity are
raised, a second period in which temperature is
further raised and relative humidity lowered, and
a third period in which temperature is decreased.

2. The method of drying wood, which consists
in exposing it to air in a kiln, repeatedly alter-
nately raising and lowering the temperature of
such air, and terminating each temperature-
raising upon the first~occurring of two events,
one of which is the attaining of a predetermined
temperature and the other of which is the ex-
piration of a predetermined time, the termina-
tion of each temperature-raising by the occur-
rence of a predetermined temperature being in-
dependent of time, and the termination of each
temperature-raising - after the expiration of a
predetermined time being independent of tem-
perature.

3. The method of drying wood which consists
in exposing it to air and subjecting such air to

. variations of temperature and relative humidity

in repetitions of a cycle including the following
steps; first, a period in which the temperature
and relative humidity are increased, such period
being terminated independently of humidity con-
ditions when a predetermined dry-bulb tempera-
ture is reached; second, a period in which the
temperature is further raised and relative hu-
midity decreased; and third, a period in which
dry-bulb temperature is decreased until a second
predetermined dry-bulb temperature is reached.

4. The method of drying wood set forth in claim
3 with the addition of terminating the second
step of each cycle near the end of the drying
process when a predetermined dry-bulb tempera-
ture exists in the kiln.

5. The method of drying wood, which consists
in exposing it to air in a kiln, repeatedly alter-
nately raising and lowering temperature and rela-
tive humidity within the kiln by varying the sup-
ply of heat and moisture to the kiln, and con-
trolling the supply of heat and moisture to the

7

kiln during at least a portion of the drying proc-
ess solely in accordance with dry-bulb tempera-
ture therein. .

6. The method of dry-kiln operation, which
consists in exposing to air in the kiln the ma-
terial to be dried, and subjecting it to variations
of temperature and relative humidity in repeti-
tions of a cycle including a period in which tem-
perature and relative humidity are raised, a sec-
ond period in which temperature is further raised
and relative humidity lowered, and a third period
in which temperature is decreased.

7. The method of dry-kiln operation, which
consists in exposing to air in the kiln the ma-
terial to be dried, and subjecting such air to
variations of temperature and relative humidity
in repetitions of a cycle including the following
steps; first, a period in which the temperature
and relative humidity are increased until a pre-
determined dry-bulb temperature is reached;
second, a period in which the temperature is fur-
ther raised and relative humidity decreased; and
third, a period in which dry-bulb temperature is
decreased until a second predetermined dry-bulb
temperature is reached.

8. The method of dry-kiln operation set forth
in claim 7 with the addition of terminating the
second step of each cycle near the end of the dry-
ing process when a predetermined dry-bulb tem-
perature exists in the kiln.

9. The method of dry-kiln operation which
consists in exposing to air in the kiln the material
to be dried, cyclically raising and lowering the
temperature and relative humidity of such air by
varying the supply of heat and moisture to the
kiln, and controlling the supply of heat and mois-
ture to the kiln at least during some cycles solely
in accordance with the dry-bulb temperature
therein.

10. The method of dry-kiln operation which
consists in exposing to air in the kiln the material
to be dried, repeatedly alternately raising and
lowering the temperature of such air, and ter-
minating each temperature-raising upon the first-
occurring of two events, one of which is the at-
taining of a predetermined temperature and the
other of which is the expiration of a predeter-
mined time, the termination of each temperature-
raising by the occurrence of a predetermined
temperature being independent of time, and the
termination of each temperature-raising after
the expiration of a predetermined time being in-
dependent of temperature. '

11. The method of drying lumber, which con-

sists in exposing it to air in a kiln and, during !

at least a large part of the drying process, con-
trolling the supply of heat and moisture to the
kiln solely in accordance with dry-bulb tempera-
ture.

ARTHUR E. KRICK.
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