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i

‘This invention relates to drying apparatus, and
more particularly to a drying apparatus of the
hot air automatic type.

A main object of the invention is to provide a
novel and improved drying apparatus which is
simple in construction, automatic in operation,
‘and which is very reliable in performance.

A further object of the invention is to provide
an improved drying system of the hot air auto-
matic type wherein the moisture content of the
‘air leaving the drying chamber is compared
with that of the atmosphere and wherein the
source of drying heat is automatically controlled
in accordance with the results of such compari-
son, whereby no human supervision of the heat
source is required and whereby uniformity of
drying of the material to be dehydrated is ob-
tained. : )

A -still further object of the invention is to
provide an ‘improved automatic drying system
of the hot air type employing the principle of
comparing the moisture content of a sample of
the air leaving the drying chamber with that
of atmospheric air at a common temperature,
and wherein means are provided for preventing
condensation of the moisture in the sample of
air leaving the drying chamber, whereby inac-
curate operation of the system due to such con-

densation is prevented, and whereby the reli-.

ability of operation of the system is greatly in-
creased.

A still further object of the invention is to
provide an improved automatic drying system
of the hot air type wherein a sample of the air
leaving the drying chamber is compared as
to moisture content with atmospheric air at a
common temperature and wherein automatic
means are provided for mixing the hot air sample
with atmospheric air and maintaining the mix-
ture at all times in a condition below satura-
‘tion as to moisture content, whereby condensa-
tion in the system is prevented and whereby in-
accurate operation of the system is avoided.

Further objects and advantages of the inven-
tion will become apparent from the following
description and claims, and from the accompany-
ing drawings, wherein:

Figure 1 is a schematic drawing illustrating the
conduit connections of an automatic drying sys-
tem constructed in accordance with the present
invention.

Figure 2 is a schematic wiring diagram show-
ing the electrical connections of one form of
sutomatic drying system constructed in accord-
ance with the present invention.
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Figure 3 is a schematic wiring diagram illus-
trating the electrical connections of a second
form of the invention wherein control of the
system in terms of the absolute moisture con-
tent of the material being dried is obtained.

Referring to the drawings, ! designates a
suitable chamber or oven in which the articles
to be dried are placed. Chamber [{ is provided
with an air intake section 12 in which is mount-
ed an eclectric heater i3 or other electrically
controlled heater. Said heater may be equipped
with a conventional blower unit {4 for moving
air past the heating coils of heater {3 into the
drying chamber Il. Designated at 15 is the
air intake duct which communicates with the
atmosphere. The exhaust duct leading from
drying chamber (I is shown at i6. A conven-
tional exhaust blower {1 may be mounted with-
in exhaust duct {8 if so desired.

At its connection to drying chamber il the
exhaust duct 16 is formed with an enlarged por-
tion 18, and projecting into said enlarged por-
tion through its wall is an air sampling conduit
{9. Designated at 28 is an air intake conduit
which also extends through the wall of said
enlarged portion #8 adjacent conduit {8 and con-

mnects with conduit 19 inside said enlarged por-
‘tion. Pivoted within conduit {9 at its junction
‘with conduit 28 is a flap valve 21i.

Valve 2i
may be rotated from a normal position, wherein
the upper portion of conduit i9 is closed off and
conduit 29 connects the remainder of conduit
19 to atmosphere, toward a position wherein
conduit Z8 is closed off with respect to conduit
{9 and the upper portion of conduit 18 is in
unrestricted communication with the lower por-
tion of conduit {9, Flap valve 21 is connected
in.a suitable manner to the shaft of an external
motor 22 so that when motor 22 is energized
the valve 21 is rotated from its normal position,
shown in Figure 1, toward the position wherein
the conduit 20 is closed off with respect to con-
duit {8 and conduit {9 is unrestricted. During
such periods wherein flap valve 21 is in an inter-
mediate position, the lower portion of conduit
19 may receive air from both the drying cham-
ber { { and from the atmosphere.

As shown in Figures 2 and 3, the shaft of motor
22, shown at 23, is connected to the shaft of flap
valve 21, shown at 24, through a speed reducing
unit 2% and a friction coupling 26. Friction cou-
pling 2§ transmits driving torque to shaft 24 in
one direction but allows shaft 24 to be rotated in
the opposite direction without requiring motor 22
to be reversed. This reversal of shaft 24 may be
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accomplished by means of a reset solenoid, shown
at 21, whose plunger is connected by a link 28 to
an arm 29 secured to shaft 24. The winding of
solenoid 27 is connected by conductors 30 and 34
to the power lines, shown respectively at 82 and
33. A normally open push button reset switch 34
is interposed in conductor 30, whereby solenoid
27 is normally deenergized.

Designated at 35 is a suitable tank or container
having liquid 36 therein maintained by suitable
thermostatic means 38 at a substantially con-
stant temperature. The precise value of this
temperature is unimportant except that it must
be above the ambient temperature of the atmos-
phere and below the maximum operating tem-
perature within the drying chamber. For prac-
tical reasons, a preferred value would be within
the range between 100° and 130° Fahrenheit,
since this would place the measured relative hu-
midity within the working range of present rela-
tive humidity measuring equipment.

The lower portion of conduit {9 is formed with
coils 37 which are immersed in the temperature-
controlled liquid 36. From the coils 37 the con-
duit extends to a blower housing 39 which is con-
nected to a discharge duct 40. Housing 39 con-
tains a conventional exhaust blower 49’. - Pre-
ceding housing 39, conduit 19 is formed with an
enlarged portion 41 containing a humidity sens-
ing element 42 of the bifilar type, such as is dis-
closed in United States Patent No. 2,285,421 to
Francis W. Dunmore, issued June 9, 1942, or any
other suitable humidity sensing element of the
current-modifying type.

Designated at 43 is a conduit formed with coils
44 which are immersed in the temperature-con-
trolled liquid 36 adjacent coils 37. One end of
conduit 43 is open to the atmosphere. The other
end of said conduit is connected through a blower
housing 45 to a discharge duct 46. Housing 45
contains a conventional exhaust blower 41. Pre-
ceding housing 45, conduit 43 is formed with an
enlarged portion 48 containing a humidity sens-
ing element 49 similar to element 42.

From Figure 1 it will be apparent that humid-
ity sensing element 42 is exposed to the air ex-
hausting from conduit 19 after passing through
the coils 371. Similarly, humidity sensing ele-
ment 49 is exposed to the atmospheric air ex-
hausting from conduit 43 after passing through
the coils 44. Since coils 37 and 44 are main-
tained at the same temperature by liquid 36, the
air engaging element 42 is at the same tempera-
ture as the air engaging element 49, whereby the
relative resistanceg of elements 42 and 49 provide
a direct comparison of the percentage moisture
content of the air exhausting from conduit 19
and the atmospheric air exhausting from conduit
43, without requiring any correction for differ-
ence in temperature.

Designated at 50 is a control unit containing
various electrical components, shown schemati-
cally in Figure 2. Referring now to Figure 2, it
will be seen that control unit 58 includes the re-
spective constant voltage transformers 5i and 52,
respective full-wave rectifiers 53 and 54, an am-
meter-relay 55, a motor control relay 56, and the
respective resistors shown at 57, 58, 59, 60 and 61.
The primary of transformer 51 is connected to
the line wires 32 and 33 by respective wires 62
and 63. One secondary terminal of transformer
51 is connected to one terminal of humidity sens-
ing element 42 by a wire 64. The other terminal
of the transformer secondary is connected by a
wire 65 to one side of the full wave bridge recti-
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fier 53 at 65. The opposite side of the rectifier
is connected through the current-limiting resis-
tor 57 to the remaining terminal of element 42
by a wire 61. The elements of the bridge rectifier
53 are arranged so that the output terminal
shown at 68 will be positive in polarity and the
output terminal shown at 69 will be negative.
Positive terminal 68 is connected by a wire TU
through the resistor 68 to a wire Ti, which in turn
is connected to the positive terminal of the am-
meter-relay 55. The negative terminal 69 is con-
nected by a wire 72 to a wire 73 connected to the
negative terminal of ammeter-relay 55. The
elements of bridge rectifier 54 are arranged so
that the output terminal shown at T4 will be neg-
ative and the output terminal shown at 75 will
be positive in polarity. Terminal 74 is connected
by a wire 16 through resistor 61 to wire Tl. Ter-
minal 75 is connected by a wire 77 to one station-
ary contact 78 of a normally open push button
switch 18 located adjacent motor 22, The other
stationary contact of the switch, shown at 80, is
connected to the wire 13.

The primary of constant voltage transformer
52 is connected by respective wires 8i and 82 to
the wires 62 and 63. - One terminal of the sec-
ondary of said transformer is connected by a wire
£3 to one side of rectifier 54. The other second-
ary terminal is connected by a wire 84 to one ter-
minal of humidity sensing element 49. The re-
maining terminal of element 49 is connected by a
wire 85 through current limiting resistor 58 to
the opposite side of rectifier 54.

Ammeter-relay 55 is provided with a pivoted
pointer 86 swingable over an arcuate scale 87 in
response to a flow of current through the ener-
gizing coil of the ammeter-relay. As will be sub~
sequently explained, such a flow of current takes
place when an appreciable potential exists across
the output terminals of rectifier 53 with switch
719 open, or when switch 79 is closed and the hu-
midity of the air sample from the drying oven
contacting the moisture sensing element 42 is
greater than the humidity of the atmospheric air
adjacent the oven sampled at humidity sensing
element 489.

Pointer 86 is connected by a wire 88 through
current limiting resistor 59 to the wire 62. Am-
meter-relay 55 is provided on scale 87 with a
first adjustable stationary contact 89, located
adjacent the zero end of the scale, and with
a second adjustable stationary contact 90 lo-
cated adjacent the high end of the scale. The
pointer 86 is engageable with the respective con-
tacts 89 and 90 as said pointer swings over the
scale. Contact 90 is connected by a wire 81 to
one terminal of the winding of relay 56. The
other terminal of said winding is connected by
a wire §2 to wire 63. Relay 56 has an armature
83 normally engaging a stationary contact 94.
Armature 93 is connected by a wire 95 to wire
62. Contact 94 is connected by a wire 86 to one
terminal of motor 22. The other terminal of
the motor is connected by a wire 97 to one sta-
tionary contact of a normally closed push but-
ton switch 98 located adjacent said motor. The
other stationary contact of said switch 98 is
connected by a wire 99 to wire 63. It will be
seen from Figures 2 and 3, that motor 22 is
normally energized by a circuit comprising wire
32, wire 62, wire 95, armature 93, contact 94,
wire 86, the motor winding, wire 97, normally
closed switch 98, wire 99, wire 63, and wire 33,
assuming the main control switch, shown at 100,
to be closed.
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:Also located adjacent motor 22 is another nor-
“mally open push button switch {8{. One of the
stationary contacts of switch 181 is connected
by:a wire 102 to the contact 8% of the ammeter-
relay §8. The other stationary contact of said
switch is connected by a wire {83 to one ter-
minal of the winding of a relay 194. The other
terminal of said relay winding is connected to
wire 99.

Relay {184 has two armatures, shown respec-
tively at 105 and 166. Both of said armatures
are connected to wire 83. Armature (0% nor-
mally engages a contact {87 which is connected
by 'a wire 188 to one terminal of the fan and
heater unit 4. The other terminal of szid fan
and heater unit is connected to the wire $2.
From Figures 2 and 3, it will be seen that the
fan and heater unit is normally energized
through 'a circuit comprising wire 33, wire 83,
‘armature i85, contact {87, wire (08, the fan
and heater unit, wire 6%, and wire 32. The fan
;and heater unit becomes deenergized when ar-
mature {85 is lifted out of engagement with
contact (07 responsive to the energization of
relay 104. Designated at {i8 is a contact en-
‘gaged by armature 186 when relay {84 becomes
energized. Contact {418 is connected by a wire
189 to one terminal of a signal lamp 1i8. The
other terminal of ‘said signal lamp is connected
by a wire (41 to wire 82. When relay i8£ be-
comes energized, lamp I1§ becomes energized
by a circuit comprising wire 32, wire ‘62, wire
tii, the signal lamp, wire 189, contact {8, ar-
mature 108, wire 83, and wire 33.

Arm 29 carries a bar 112 which.simultaneously
engages. the push buttons.of the three switches
19, 18! and 98 as vane 2| reaches a position
closing off conduit 2§ with respect to conduit
i8. This opens switch 28 and closes switches
78 and 181.

The automatic mixing eontrol device compris-
ing the motor 22 and its associated -elements
functions to prevent condensation in the sam-~
pling conduit 19. If this control device were
not provided, condensation would occur when
the sampled exhaust air had a dewpoint higher
than the temperature of the piping and/or the
bath 38. The effect of condensation would be
to cause inaccurate and unreliable response un-
ti1 all of the condensate had evaporated. The
automatic mixing control device mixes the sam-
ple of air exhausted from the drying chamber
with -atmospheric air 50 ‘as to always keep the
moisture content of the air in conduit 19 below
‘saturation.

PFigure 1 illustrates the starting position of
the mixing control vane 2{. In this position,
conduit {8 is fully open for aimospheric air and
fully -closed for 'drying chamber exhaust air.
As soon as the system is placed in-operation, as
by closing switch {88, motor 22 becomes ener-
gized and starts driving vane Z{ toward a posi-
tion wherein conduit (9 is fully clesed for at-
mospheric air and fully open for drying cham-
ber exhaust air. The vane is driven at a very
low speed because of the speed reducer 23.

In the starting position of the system, both
of the moisture sensing elements 42 and 49
are contacted by atmospheric air whose fem-
perature is equalized by the bath 35. The volt-
age across the output terminals of vectifier 53
will therefore have a value corresponding to the
percentage moisture content - of -atmospheric air
at the temperature of -equalization, this value
being substantially below saturation. Pointer 88

[~
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6
will therefore swing to a relatively low ‘reading
on scale 87.

The motor continues to drive vane 2{, grad-~
ually admitting more and more exhaust air from
the drying chamber into conduit 8. Since this
exhaust air contains an appreciable amount of
moisture at the beginning of the drying eyele,
pointer 86 begins to swing further up on the
scale 87 until it reaches a point corresponding
to just below saturation. At this point, pointer
86 engages contact 98. Relay 56 becomes en-

-ergized through a circuit comprising wire 32,

wire €2, resistor 59, wire 88, pointer 86, contact
99, wire 81, the winding of relay 58, wire 92,
wire 82, and wire 33. This raises armature 93
and opens the energizing circuit of motor 22 at
contact 84. The motor stops, and remains de-
energized until the moisture content of the air
mixture in conduit {8 drops kelow the scale value
at which contact €9 is Iocated, due to the drying
of -the product in the chamber {{. As pointer
88 retreats from this scale value, it disengagzes
from contact 88, causing relay 5§ to become ‘de-
energized, and allowing armabture 83 ‘to re-en-
gage contact 84, whereby the motor 22 again
becomes ‘energized. The motor starts driving
again and opens vane 2{ further, to allow a
greater percentage of exhaust air from drying
chamber {{ to be present in conduit 9. As the
percentage of moisture in the air contacting sens-
ing element 42 reaches the scale value -corre-
sponding to the location of contact 98, nointer
86 again engages sald contact, stopping the
motor. This procedure is repeated over and over
again until vane 2¢ is fully closed for atmos-
pheric air and fully open for drying chamber ex~
haust air. At this point, bar (12 engages the
push buttons of the switches 88, 18{ and 72.
Switch 98 is thereby opened, breaking the motor
circuit and stopping the motor. As akove ex-
plained, switches 79 and 181 are now closed.
The closure of switch 79 connects the output
of rectifier 54 across the ferminals of ammeter-
relay §3 in opposition to the output of rectifier
Since the output voltage of rectifier 54 is
controlled by the percentage moisture contens
in the atmospheric air contacting humidity sens-
ing element 49 at the equalization temperature
of bath 38, the position of pointer .88 on scale

87 will show a comparison of or difference be-

tween the moisture content of the subsequent
samples of air from the drying chamber with
respect to the moisture content of atmospheric
air,

The drying of the product continues until the
moisture contents of the two air samples respec-
tively contacting the sensing elements 42 and 49
are equal or have a specified difference. At this
time, pointer 8% engages contact 88. This ener-
gizes relay {04 through a circuit comprising wire

82, wire 82, resistor 59, wire 88, pointer &6, contact

89, wire 102, switch {01 in its closed position, wire
193, the winding of relay 104, wire 89, wire 53,
and wire 33. Armature 185 is therefore lifted

5 out of engagement with contact i07, deenergizing
the fan and heater unit. At the same time, arma-

ture {06 engages contact (18, causing the signal
lamp #10 to be energized and signalling that the
drying cycle is at an end.

To reset the system for the next run, reset
switch 34 is closed, energizing reset solenoid 27,
and causing the plunger of the solenoid, acting
through link 28 and arm 29, to return shaft 24
and vane 2{ to the starting position. Bar 112 is
disengaged from the push buttons of switches.$8,
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101 and 79, allowing switch 98 to close and
switches 101 and 79 to open.

The values of resistances 57 and 58 are pref-
erably of the order of | megohm. These re-
sistances are employed to limit the amount of cur-
rent flowing in the circuits of the respective
sensing elements 42 and 49 to very small values.
Resistor §9 is employed to limit the amount of
current flowing through the windings of the re-
spective relays 56 and (04 and through the con-
tacts 89 and 98. Resistor 61 is employed to pre-
vent rectifier 54 from acting as a shunt across
ammeter 55 when switch 79 closes. Similarly,
resistor 68 is employed to prevent rectifier 53
from acting as a shunt across ammeter 55 with
respect to the potential available at the output
terminals of rectifier 54. Resistors 60 and 61 are
preferably of the order of 10,000 ohms.

It should be noted that the system is arranged
so that neither of the humidity sensing elements
42 or 49 may be contacted by saturated air at any
time. This prevents damage to the hygroscopic
coatings on the elements and substantially re-
duces the possibility of inadvertently changing
the calibrations of these elements.

Figure 3 shows schematically a simplified form
of the invention wherein the apparatus is adapted
to dry a product in terms of its absolute moisture
content. The modified form shown in Figure 3
employs substantially the same arrangement of
elements shown in Figures 1 and 2, except that
the structure whereby a comparison with mois-
ture content in the atmosphere is obtained is
eliminated, that is, the conduit 43, coil 44, sensing
element 49, exhaust blower 41, etc., are omitted.
The control unit, shown at 50’ in Figure 3, in-
cludes the constant voltage transformer 51, the
full wave rectifier 53, the ammeter-relay 55, the
relay 56, and the respective resistors 57, 59 and
60, connected in the manner as in Figure 2.
Since no comparison switch is required in the
system of Figure 3, only the limit switch 98 and
the cycle end switch 101 are provided adjacent
motor 22. The moisture sensing element 42 is
located in the sampling conduit 19 in the same
manner as illustrated in Figure 1.

In the starting position of the apparatus of
Figure 3, conduit 19 is fully open for atmospheric
air and fully closed for drying chamber exhaust
air. As soon as the system is placed in opera-
tion, as by closing switch 100, motor 22 becomes
energized and starts driving vane 21 toward a
position wherein conduit 19 is fully closed for
atmospheric air and fully open for drying cham-
ber exhaust air. Moisture sensing element 42 is
contacted by atmospheric air taken in through
conduit 26. Pointer 86 will therefore swing to a
relatively low reading on scale 87.

As the motor continues to drive vane 21, more
and more exhaust air from the drying chamber
is admitted into conduit 19. Since this exhaust
air contains an appreciable amount of moisture
at the beginning of the drying cycle, pointer 86
begins to swing further up on the scale 87 until
it engages contact 90. Relay 56 becomes ener-
gized and opens the energizing circuit of motor
22 at contact 94. The motor stops, and remains
deenergized until the moisture content of the air
mixture in conduit (9 drops due to drying of the
product. Pointer 86 disengages from contact 99,
deenergizing relay 56, whereby motor 22 again
becomes energized, allowing g greater percentage
of exhaust air from the drying chamber to be
present in conduit 19. As pointer 88 again en-
gages contact 90, the motor is again stopped.
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This procedure is repeated over and over again
until vane 21 is fully closed for atmospheric air
and fully open for drying chamber exhaust air.
At this point bar 112 engages the push buttons
of switches 98 and 10f. Switch 98 is thereby
opened, breaking the motor circuit and stopping
the motor. Switch 101 is now closed.

From this point on, pointer 86 indicates on
scale 87 the absolute moisture content of the sub-
sequent samples of air from the drying chamber
at the temperature of the bath 36.

The drying of the product continues until the
moisture content of the exhaust air decreases to a
specified value (determined by test and depending
upon the size of the product, the material thereof,
the air velocity, efe.) corresponding to the posi-
tion of contact 89 on scale 81. At this value,
pointer 86 engages contact 89, energizing relay
104 and causing the fan and heater unit to be de-
energized by the raising of armature 105. At the
same time, signal lamp (10 becomes energized
by the engagement of armature (06 with contact
i 18, signalling that the drying cycle is at an end.

To reset the system for the next run, reset
switch 34 is closed, energizing solenoid 2T and
causing vane 21 and bar {2 to return to their
starting positions.

It will be apparent that in either of the sys-
tems illustrated in Figures 2 and 3, a moist article
may be automatically dehydrated to a desired de-
gree of dryness by placing same in the drying
chamber {i, closing the main power switch 100,
and setting vane 21 to starting position by means
of push button switch 34. In the latter stages of
the drying cycle, the moisture content of the air
leaving the drying chamber will be indicated by
pointer 86 on the scale 81 of the ammeter-relay
55. As soon as the article reaches the desired de-
gree of dryness, the fan and heater unit will be
automatically deenergized and the signal lamp
110 will become energized, indicating that the
article is ready to be removed from the drying
chamber.

While certain specific embodiments of auto-
matic drying systems have been disclosed in the
foregoing description, it will be understood that
various modifications within the spirit of the
invention may occur to those skilled in the art.
Therefore it is intended that no limitations be
placed on the invention except as defined by the
scope of the appended claims.

What is claimed is:

1. An automatic drying system comprising a
chamber, a source of heated air connected to said
chamber, a sampling conduit connected to said
chamber, an atmospheric air intake duct con-
nected to said sampling conduit, valve means at
the connection of said duct to said conduit regu-
lating the amount of atmospheric air admitted
into said conduit, a moisture-sensitive element
in said sampling conduit, a control device con-
nected to said source, and a control circuit con-
nected to said control device, said control circuit
including the moisture-sensitive element.

2. An automatic drying system comprising a
chamber, a source of heated air connected to said
chamber, an exhaust conduit connected to said
chamber, a sampling conduit connected to said
exhaust conduit, an atmospheric air intake duct
connected to said sampling conduit, valve means
at the connection of said duct to said sampling
conduit regulating the amount of atmospheric
air admitted into said sampling conduit, a mois-
ture-sensitive element in said sampling conduit,
a control device connected to said source, and
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& control circuit connected to said control device
and said valve means; said control circuit in-
cluding the moisture-sensitive element.

3. An automatic drying system comprising a
chamber, a source of heated air connected to said
chamber, a sampling conduit connected to said
chamber, an atmospheric air intake duct con-
nected to- said sampling conduit, valve means
regulating the amount of atmospheric air ad-
mitted into said sampling conduit from said in-
take duct, a moisture-sensitive: element in said
sampling conduit beyond the connection of the
air intake duct thereto, means regulating said
valve means in accordance with the response of
said moisture-sensitive element, conirol means
for the source, and means operating said conirol
means in response to the movement of the valve
means to a predetermined position.

4. An automatic drying system comprising a
chamber, a source of heated air connected to said
chamber, an exhaust conduit connected to said
chamber, a sampling conduit connected to said
exhaust conduit, an atmospheric air intake duct
connected to said sampling conduit; electrically
operated valve means at the connection of said
duct to said sampling conduit regulating the
amount of atmospheric air admitted into said
sampling conduit, a current-responsive control
device, & moisfure-sensitive resistance element in
said sampling conduit, a control cireuit including
said- resistance element connected to said cur-
rent-responsive control device, first switch nmieans
associated with said current-responsive deviee,
circuit means connecting said electrically oper-
ated: valve means to said. first switch means, a
control eircuit associated with said source, sec-
ond switch means asscciated with said current-
responsive control device, and circuit means con-
necting said second switch means to said latter
control cireuit.

5. An automatic drying system comprising a
chamber, a source of heated air connected to said
chamber; an exhaust conduit connected to said
chamber, a sampling conduit connected to said
exhaust conduit, an atmospherie air intake duct
connected to said sampling conduit, electrically
operated valve means at the connection of said
duct to said sampling conduit regulating the
amount of atmospheric. air admitted into said
sampling. conduit, a current-responsive control
device, a moisture-sensitive resistance element
in said sampling eonduit, a control circuit in-
cluding said resistance element connected to said
current-responsive control -device, first switeh
means operated by said current résponsive device
in response to a relatively high current therein,
circuit: means connecting said electrically oper-
ated valve means to said first switch means, a
control circuit associated with said source, second
switeh means operated by said current-respon-
sive device In response to a relatively low cur-
rent therein, and circuit means controlled by
said electrically operated valve means at times
connecting said second switch means to said lat-
ter conftrol circuit.

6. An automatic drying system comprising a
chamber, a source of heated air connected to
said chamber, an exhaust conduit connected to
said chamber, a sampling conduit connected to
said exhaust conduit, an atmospheric air intake
duct connected to said sampling conduit, elec-
trically operated valve means at the connection
of said duct to said sampling conduit, means con-
trolling the temperature of said sampling con-
duit, a current-responsive control device, a mois-
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ture-sensitive resistance element in said sampling
conduit, a control circuit including said resist-
ance element connected to said current-respon-
sive control device, first switch means operated
by said eurrent-responsive device in response to
a relatively high current therein, circuit means
connecting said electrically operated valve means
to said first switch means, a control circuit as-
sociated with said source, second switch means
operated by said current-responsive device in re-
sponse to a relatively low current therein, and
circuit- means controlled by said electrically oper-
ated valve means at times conneeting said second
switch means to said latter control circuit.

7. An automatic drying system comprising a
chamber; a source of heated air connected to
said chamber, an exhaust conduit connected to
said chamber, a sampling conduit connected to
said exhaust conduit, an atmospheric air intake
duct connected to said sampling conduit, elec-
trically operated valve means at the connection
of said duct to said sampling conduit regulating
the amount of atmospheric air admitted into
said sampling conduit, a  current-responsive con-
trol device, a first moisture-sensitive resistance
element in said sampling conduit, a second mois-
ture-sensitive resistance element exposed to at-
mospheric air adjacent said chamber, respective
energizing circuits including the respective mois-
ture-sensitive elements connected in opposition
to said current-responsive control device, means
agsociated with said valve means controlling the
energizing circuit containing the second resist-
ance element, first switch means operated by said
current-responsive device in response to a rela-
tively high current therein, circuit means con-
necting- said: electrically’ operated valve means
to said first switch means, a control circuit asso-
ciated with said source, second switch means op-
erated by said current-responsive control device
in response to a relatively low current therein,
and circuit means controlled by said electrically
operated  valve means at times connecting said
second switch means to said:latter control cir=
cuit.

8. The structure of claim 10, and wherein an
additional atmospheric air duct is provided ad-
jacent the chamber, the second moisture-sensi-
tive element being located within said additional
atmospheric air duct; and wherein means are
provided maintaining the sampling conduit and
said additional atmospheric air duct at a cora-
mon temperature.

9. An automatic drying system comprising a
chamber, a source of heated air connected to
said chamber, an exhaust conduit connected to
said chamber, a sampling conduit connected to
said exhaust conduit, an atmospheric air intake
duct connected to said sampling conduit, 4 con-
stant temperature: bath, a portion of the sam-
pling conduit beyond the connection thereof to
said atmospheric air intake duet being immersed
in said bath, electrically operated valve means
at the connection of said duct to said sampling
conduit regulating the amount of atmospheric
air admitted into said sampling conduit, a cur-
rent-responsive control device, .a first moisture-
sensitive resistance element in said sampling
conduit beyond the portion immersed in the bath,
an additional atmospheric air duet. also having
a portion thereof immersed in the bath, a second
moisture-sensitive resistance element in said ad-
ditional duct beyond the immersed portion there-
of, respective energizing ecircuits ineluding the
respective moisture-sensitive resistance elements




2,643,464

11

connected in opposition to said current-respon-
sive control device, means associated with said
valve means controlling the energizing circuib
containing the second resistance element, first
switeh means operated by said current-respon-
sive device in response to a relatively high cur-
rent therein, circuit means connecting said elec-
trically operated valve means to said first switch
means, a control circuit associated with said
source, second switch means operated by said
current-responsive control device in response to
a relatively low current therein, and circuit
means controlled by said electrically operated
valve means at times connecting said second
switch means to said latter control circuit.

10. An automatic drying system comprising a
chamber, a source of heated air connected to
said chamber, an outlet conduit connected to
said chamber, a constant-temperature bath, a
sampling conduit connected to said outlet con-
duit, a substantial portion of said sampling con-
duit being immersed in said bath, a moisture-
sensitive element in said sampling conduit, a
control device connected to said source, and a
control circuit connected to said control device,
said control circuit including the moisture-sensi-
tive element.

11. In an automatic drying system, the com-
bination of a chamber, a source of heated air-
connected to said chamber, an exhaust conduit
communicating with the atmosphere and con-
nected to said chamber, a relatively small sam-
pling conduit connected to said exhaust conduit,
an atmospheric air intake duct communicating
with the atmosphere and connected directly to
said sampling conduit, a moisture-sensitive ele-
ment in said sampling conduit beyond the con-
nection of the air intake duct thereto, and means
regulating the amount of atmospheric air ad-
mitted into said sampling conduit in accordance
with the response of said moisture-sensitive ele-
ment.

12, In an automatic drying system, the com-
bination of a chamber, a source of heated air
connected to said chamber, an exhaust conduit
communicating with the atmosphere and con-
nected to said chamber, a relatively small sam-
pling conduit connected to said exhaust con-
duit, means controlling the temperature of said
sampling conduit, an atmospheric air intake duct
communicating with the atmosphere and con-
nected directly to said sampling conduit, a mois~
ture-sensitive element in said sampling conduit
beyond the connection of the air intake duct

thereto, and means regulating the amount of &

atmospheric air admitted into said sampling con-
duit in accordance with the response of said
moisture-sensitive element.

13. In an automatic drying system, the com-
bination of a chamber, a source of heated air
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connected to said chamber, an outlet conduit
connected to said chamber, a sampling conduit
connected to said outlet conduit, a constant-
temperature bath, a substantial portion of said
sampling conduit being immersed in said bath,
an atmospheric air intake duct connected di-
rectly to said sampling conduit ahead of said
constant-temperature bath, a moisture-sensitive
element in said sampling conduit beyond the
connection of the air intake duct thereto, and
means regulating the amount of atmospheric
air admitted into said sampling conduit in ac-
cordance with the response of said moisture-
sensitive element.

14. In an automatic drying system, the com-
bination of a chamber, a source of heated air
connected to said chamber, an exhaust duct com- -
municating with the atmosphere and connected
to said chamber, a sampling conduit connected
to said exhaust duct, an atmospheric air intake
duct communicating with the atmosphere and
connected directly to said sampling conduit, a
moisture-sensitive element in said sampling con-
duit beyond the connection of the air intake duct
thereto, and means regulating the amount of
atmospheric air admitted into said sampling con-
duit in accordance with the response of said
moisture-sensitive element.

15. In an automatic drying system, the com-
bination of a chamber, a source of heated air
connected to said chamber, an exhaust conduit
communicating with the atmosphere and con-
nected to said chamber, a sampling conduit con-
nected to said exhaust conduit, an atmospheric
air infake duct ecommunicating with the atmos-
phere and connected directly to said sampling
conduit, valve means regulating the amount of
atmospheric air admitted into said sampling con-
duit from said duct, a moisture-sensitive ele-
ment in said sampling conduit beyond the con-
nection of the air intake duct thereto, and
means operating said valve means in accordance
with the response of said moisture-sensitive ele-
ment.
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