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The present invention relates to the drying of
material following a treating, washing or other
wet process during the transformation of that

material into finished ,form, and relates more

particularly to the drying of yarn in package
form. ]

In the drying of wet material it has heretofore
been proposed to control the drying apparatus by
the varying humidity of the drying medium, such
as air, which surrounds and circulates about the
material. Another method has been to employ a
mechanism which is responsive to the change in
weight of the mass of material as it dries.
Neither of these methods has been entirely satis-
factory and have inherent disadvantages. By
reason of the fact that material of substantial
thickness does not dry uniformly it is essential
that drying temperatures, such as follow the use
of humidity or weight controls," must be kept
below a safe temperature so as not to damage
that portion of the material which has dried first.
In thus maintaining a safe temperature the time
for complete drying is far longer than would be
required were it possible to use the required high
temperatures.
into added cost of production.

Some of the objects of the present invention
are to provide a drying apparatus in which the
foregoing disadvantages are eliminated; to pro-

vide a drying apparatus arranged to ensure -

uniform drying of a yarn package or a relatively
thick piece of material; to provide means for so
controlling the drying of material that the effi-
ciency due to high drying temperatures can be

maintained without damage to the material; to !

provide a drying apparatus capable of compen-
sating the drying time relative to the texture of
the material, since heavy yarns, for example,
require a different drying time than do fine yarns;
to provide a control means whereby an average
drying temperature can be secured for a plurality
of yarn packages; and to provide other improve-
ments as will hereinafter appear.

In the accompanying drawings Pig. 1 repre-
sents diagrammatically a sectional elevation of
a package drying apparatus embodying one form
of the present invention; Fig. 2 represents a
fragmentary side elevation showing the heat ex-
change unit; Fig. 3 is a diagram of one system of
circuits used for contro! purposes in the inven-
tion; Fig. 4 represents a diagram of a modified
form of drying control. '

Referring to the drawing, one form of the
present invention is sixown as arranged for use
with yarn packages 10, mounted upon a carriage
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type of carrier {i which can be wheeled into and
out of a door controlled cabinet 2. In this type
of carrier, a chamber {3 is formed by a casing
{4 and serves to distribute heated air to the in-
terior of the packages 0 by way of holes 15
which communicate respectively with the ends of
the channeled spindles (6. The tubular per-
forated tubes carrying the packages are mounted
respectively upon these spindles 16, as is well
known in the art and thus heated air enters the
axis of each package and travels radially out-
ward to dry the packages.

As shown by way of example the inner end
wall of the casing 14 is provided with an inlet
opening 11 so located as to register with the
outlet 18 of a heat exchange unit when the car-
rier is in operative association with the cabinet
{2. This unit consists of a box 21, having an
air inlet 22, and steam coils 23 located between
the inlet 22 and outlet 18. The heating medium,
preferably steam, is supplied by a pipe 24 from
a suitable source, while air is supplied to the box
21 from a blower 2% driven by an electric motor
26. An interlocking connection, such as a clamp-
ing latch 21, serves to anchor the carrier to the
cabinet with a leak proof joint about the outlet
from the transfer unit.

From this construction it will be seen that the
packages are dehumidified and dried by heated
air passing through them from the inside to the
outside, or vice versa. Circulation of the air
within the cabinet 12 is maintained by one or
more overhead fans 28 driven respectively from
the exterior of the cabinet by an electric motor
or motors 30. It should be kept in mind, how-
ever, that this described apparatus is but one
example of an apparatus suitable for use with
the invention, so that the particular manner in
which the packages are heated is of minor im-
portance as compared to the direct control of
yarn package drying. ’

For the purpose of shutting off the supply of
steam to the heating coils 23 a thermal type of
valve 31 is located in the steam supply pipe 24
and is arranged to cut off the steam when the
electric circuit of conductors 32 and 33 is closed.
It is believed unnecessary to describe this valve
structure in detail because it is a well known
valve having an enclosed bulb containing a heat
responsive medium to develop sufficient pressure
under the radiated heat of a coil to close tne
valve. The conductors 32 and 33 are in a circuit
including a main switch 34, a source of current
supply L!L? and a relay switch 36, this last being
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normally open so that the control thermal valve
31 is open.

In order to close the relay switch 36 when the
temperature within a package {0 reaches a pre-
determined maximum, the magnet coil 31, for
the switch 36, is in an electric circuit including
conductors 38 and 39, the main switch 34, and a
control element in the form of a circuit closing
thermometer 40 of a size and shape to be read-
ily inserted endwise of a yarn package. The
terminals of the conductors 38 and 39 are led
through the glass wall of the thermometer body
in such spaced relation that at the selected
maximum temperature the expanding mercury
column 4{ will bridge such terminals and close
the circuit of relay coil 31 to thereby close the
switch 36 and energize the steam valve 31 as re-
quired to cut.off the steam supply.

For notifying the operator that the switch 36
has closed the control circuit, a visual signal, in
the form of a lamp 42, and an audible sigral in
the form of an electric bell 43 are arranged in
parallel in the control circuit so that both are
energized as the steam is cut off. 'This indicates
to the operator that the package temperature
has reached the desired maximum, and the pack-
age is ready to be removed.

Since it is advisable to have the steam shut
off when access is to be had to the cabinet, a
double pole two way switch 44 is shown in shunt
relation across the switch 36 and has its contac-
tor 45 under the pressure of a spring 46 to move
it in the direction to close the thermal valve cir-
cuit by way of conductors 47 and 48. A plunger
45a is connected to the contactor 45 and is ar-
ranged to be pressed inwardly by the closing of
the door or other closure of the cabinet to over-
come the action of the spring 46 so that the valve
circuit is open and the parallel circuit for the
signals set to respond to the closing of the switch

For controlling the blower motor 26, a three
phase current is supplied by conductors 48, 50
and 50a under -control of a magnetic contactor
unit 51 of well known commercial form, Briefly,
three switches 52, 53 and 54 are located in the re-
spective conductors 49, 50 and 50a and have con-
tactors §5, 56 and 57 arranged to be simultane-
ously opencd or closed by the action of the arma-
ture of magnet or solenoid coil 58. A maintain-
ing switch contactor 60 is also operated by the
solenoid coil 58. )

A source of current L!L2I3 supplies the three
phase current to the conductors 49, 50 and §0a
when the magnetic contactor switches are closed.
The maintaining switch contactor 60 electrically

connects contacts 62 and 63 when the solenoid

coil §8 is energized to keep the solenoid circuit
closed as will later appear.

As & means to start and stop the blower motor
26, a well known type of switch unit 64 is pro-
vided having a starting push button contactor
65, which is normally spring-held to break a cir-
cuit between contacts 66 and &7, and a stop push
button contactor 68 normally spring-held to
electrically connect contacts 78 and Ti. The
contacts 66 and 10 are connected by a conductor
12 to the contact 62, while contact 87 is connect-
ed by a conductor 13 to both the contact §3 and
the coil 58. Contact 11 is connected by 8 con-
tuctor 74 to the current supply line 1!. The re-
turn conductor 15 of the coil §8 leads through a
pair of overload switches 16 to the line 1.2 by way
of a normally closed relay switch 17.

In order to control the operation of the fan
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motors 38, a magnetic contactor unit 80, similar
to the contactor unit 5i, is connected in parallel
with that unit to the sotirce of current LiILZL?
and is under the control of a starting and stop-
ping unit 81, like the unit 64 plus a maintaining
switch 82 like switch 60. The two contactor units
§1 and 80 have the respective solenoid circuits
supplied from the source LiL2? and include com-
mon return conductor 15 which is normally
closed by the switch T1. It is believed unneces-
sary to describe the units 80 and 81 in detail, as
each should be understood from the description
of the units 5{ and 64.

For the purpose of breaking the circuits of the
contactor units 51 and 80 to stop the blower 25
and fans 30 when the selected package tempera-

" ture has been attained the normally closed
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switch 17 is provided under the control of a re-
lay magnet 83 in the circuit of conductors 38 and
39. Thus when the thermometer contacts close
the circuit to energize the relay magnet 31, the
relay magnet 83 is also energized. The former
therefore closes the circuit to cut off the steam,
while the latter opens the circuit for the blower
and fans. ’

In the operation of the apparatus the control
element 40 is set to close the circuit 38 and 39
at a predetermined temperature at which the
dryer is to be automatically shut down and, with
the control element inserted into the package as
shown, the apparatus is then ready to function.
The doors of the cabinet are closed and this ac-
tion maoves the door switch 45 to break the cir-
cuit 47 and 48 including the valve 31 and at the
same time partially closes the circuit for the bell
and lamp signals. Since the valve 31 is now de-
energized it opens and allows steam to be deliv-
ered to the heat exchange coils and, therefore,
the blower and fans are ready to be started.
Since the two separate magnetic contactors and
starting buttons operate exactly alike but on dif-
ferent motors, the starting circuits will be con-
fined to but one of these as the other will be
merely & repetition. The starting push button
65 closes the circuit between the contacts 66 and
61 thereby permitting current to flow by way of
conductor 13 to the magnet coil 58 and return

_by conductor 15 and conductor 11 to the other
- side of the supply line.

The energizing of the
magnet coil 58 shifts the solenoid contactor to
not only close the contactors 55, 56 and 87 of
the several line switches but also throws the
contactor 60 across the contact 62 and §3 where-
by the circuit is maintained closed and the start-
ing push button short circuited. The blower
motor is thus in operation and upon a like push
button closing of the unit 81 a similar circuit
closing takes place and the fan motors 30 are in
operation.

Heated air is now circulating from the inside
of the packages to the outside and when the tem-~
perature of the package used as a control reaches’
that predetermined one, the mercury column &4
closes the circuit 38 and 39 which results in relay
83 being energized to open switch at contactor 17
and to energize relay 31 to close contactor 38.
The opening of the switch formed by contactor 11
breaks the circuit to the two magnetic contactor
coils and thus brings both the blower motor and
fan motors to rest. The closing of the switch
formed by contactor 36 closes the circuit to the
thermal. valve 3! which is thus heated and
brought to a closed position cutting off steam to
the heating coils. Also closing the contactor 36

results in energizing the hell and lamp circuits
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and hence the visual and audible signals give
warning to the operator that the proper temper-
ature has been. reached. The signals will operate
until the door of the cabinet is opened when the
spring 46 throws the door switch to its other posi- §
tion to open the signal eircuits bub close the cir-
cuit which includes the thermal valve 31 so that
this last element is held closed as long as the door
is open. ’

The blower motor 26 is ~ontrolied by the de-
energizing of the magnet coil §8 which opens the
three circuits at the contactors 58, 56 and 81, Si-
multaneously the maintaining switch 68 is opened
so that restarting can only take place by operating
the starting button §5.

The fan motors 30 are controlled by a separate
magnetic contactor unit 80 of like construction to
the unit 54, in that it includes three switches 52a,
§3a, and 54, for controlling the respective ¢on-
ductors to the fan motors 30, and which switches
have contactors 55¢, B6a and 57« arranged to he
closed by the energization of a magnet coll 58¢ by
a circuit in parallel! with the circuit of magnet
coil 58. ‘This coil 58a also serves to close the cir-
cuit maintaining switch 82 afier the starting push
button 85« is operated. Since the stopping push
buttons 68 and 68a for the respective units 51 and
80 are normally in circuit closing position, either
eircuit can be opened by pushing its starting buf-
ton to open circuit position,

In the form of the invention shown in Fig. 4,
provision is made for ohtaining uniform -drying
of & plurality of yarn packages which are being
simultaneously subjected to a heating medium,
It is to be understood that the yarn packages 8%,
shown diagrammatically, are contained within &
drying cabinet, such as heretofore described, and
circulation of heated air is from the inside to the
outside of the packages. Steam from a supply
pipe 85 supplies the heating medium to the sev- 4
eral banks of heating pipes 23 and 23’°, which are
the pipes heretofore described as associated with
the heat exchange box 21, except in this instance
the pipe bank 22" is separately controlled by an
automatic thermal valve 88, while all of the pipe
bhanks ave controlled by an automatic thermal
valve 86’ in the steam supply main 8%,

For controlling the electrically operated ther-
mal valve 86, it is included In an electrical circuit
of conductor 81, current source Lt and LA and
conductor 88, the last having a normsally open
switch 90 therein controlled by a relay magnet
8. This relay 81 is arranged to be energized by
the closing of & circuit including the conductors
85 and 88, current source 1 and LA, and any one
of a number of circuit-branches 87 and-98, each
of ‘which latter is open at contacts {08 and 0
within a thermometer (62, the mercury column
of which serves as a coniactor 183 to close the
eontacts 108 and 101, The circult branches 87
and 98 are all in parallel with the circuit of relay
91, so that when any one of the thermometer 162
closes its circuit the relay 81 will be energized to
operate the thermal valve 88 to cut off the steam
from the pipe coils 23’. As shown these ther-
mometers are inserted in the respective packages
84 in close proximity to the core of the package,
and all are so set as to close thelr contacis at the
same predetermined temperature.

For controlling the electrically controlled ther-
mal valve 887, it is included in an electrical circuit
of current source IAL2, conductor $2, normally
open switch 88, conductor 82, and common retwn
conductor 88. The switch 93 is arranged to be
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mometers 182 are inserted in the respective pack-
ages 84 in close preximiby to the outlside surface
of the package, and all are 50 g5t 23 o close thelr
contacts at the same predetermined temperature,

In the foregoing modificstion it is alse proposed
to employ o door switeh 41, lamp (12 and bell

113 signals, which are operated and controlled as
explained in connection with the description of
circuits in PFig. 3.

- In this form of the invention the thermometers
102 are set 1o close any condrol circuit in whi
the temperature near the core of any
age approaches the danger lne where
may be done to the yarn, Thus 2 magin
temperature is selected which will cauge &k
responsive device of any package to close & oiv-
cuit through the therma] steam wvalve to cause
that valve to partially closs and thus reduce she
amount of steam being supplied to the heating
medium, which in this case is the heat il
unit. When this happens he air continues
to travel through the pockeges snd Anslly the
temperature in the packages aediscent the cuter
layers thereof reaches the sslected maximuwm and
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may bz finished cold while others may be finished
hot; different kinds of dyes; different diameters
of packages; and the density of the wind. Be-
cause of these variations all packages do not dry
with the same speed. Heretofore it has been
cusicmary to manually remove a number of
packages from the drier and weigh them in order
to obtain an average from which it is determined
whether or not all the packages are dry. Obvi-
ously this is not only a crude method but an
unpleasant and uncertain one because the oper-

tor facing a hot chamber naturally grabs out
those packages most conveniently located and
hence does not obtain a true average conditicn.

By the present invention these disadvantages
and uncertainties are eliminated because the in-
strumente are precisely located at widely sepa-
rated peints and hence a real average condition
is indicated automatically and no sample pack-
ages have to be removed.

Having thus described our invention, we claim:

1. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
- ing unit for said air supplied from a source of
heat, means for circulating said air over said
unit, and means responsive to the internal tem-
perature of said package for regulating the sup-
ply of heat to said unit.

2. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
ing unit for said air supplied from a source of
heat, means for circulating said air over said
unit, and means responsive to a predetermined
temperature within said package for lowering
the temperature of said unit.

3. In a drying apparatus, the combination of
means to introduce air into a.yarn package to
travel therethrough for drying purposes, a heat-
ing unit for said air supplied from & source of
heat, means for circulating said air over said
unit, and means including & thermal responsive
Instrument inserted in said package for lowering
the temperature of said unit when a prede-
termined temperature is reached within said
package.

4. In a drying apparatus, the combination of
means to introduce air into a yarn package to

travel therethrough for drying purposes, a heat- :

ing unit for said air supplied from a source of
heat, means for circulating said air over said
unit, a pipe from said source to said unit, a valve
in said pipe, and means responsive to a prede-
termined temperature within said package for
opearating said valve. .

3. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
ing unit for said air supplied from a source of
heat, means for. circulating said air over said
unit, means including a normally open electric
circuit for controlling the temperature of the
heat supply to said unit, and a thermal respon-
sive instrument in said package arranged to close
said circuit at a predetermined temperature to
lower the temperature of the heat supply to said
unit.

6. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drving purposes, a heating
unit for said air supplied from a source of heat,
means for circulating said air over said unit
means including an electric circuit for control-
ling the temperature of the heat supply tc said
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unit, and a thermometer in sald package ar-
ranged to control said circuit at a predetermined
temperature to lower the temperature of the
heat supply to said unit.

7. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
ing unit for said air supplied from a source of
heat, a pipe from said source to said unit, a
valve in said pipe, a blower for circulating said
air over said heating unit, electrical means for
operating said blower, and means responsive to
a predetermined temperature within said pack-
age for closing said valve and also rendering
said blower operating means ineffective.

8. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
Ing unit for said air supplied from a source of
heat, a blower for circulating said air over said
heating unit, electrical means for operating said
blower, and means responsive to a predetermined
temperature within said package for rendering
said blower operating means ineffective.

8. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
ing unit for said air supplied from a source of
heat, means for circulating said air over said
unit, a motor driven fan for circulating air about
the outside of said paclkage, and means respon-
sive to a predetermined temperature within said
package for stopping said fan.

10. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
ing unit for said air supplied from a source of
heat, means for circulating said air over said
unit, and means located respectively at different
places in a yarn package and responsive to the
temperature at said places for independently low-
ering the temperature of the heat supply to sald
heating unit.

11. In a drying apparatus, the combination of
means to introduce air into a yarn package to
travel therethrough for drying purposes, a heat-
ing unit for said air supplied from a source of
heat, means for circulating said air over said
unit, means including a thermometer located
within and adjacent the core of said package
for reducing the temperature of the heat supply
to said heating unit at a predetermined yarn
temperature, and means including a thermom-
eter located within and adjacent the outer layer
of said package for also reducing the tempera-
ture of the heat supply to said heating unit
at a predetermined yarn temperature.

12. In a drying apparatus, the combination
of means to introduce air into a yarn package
to travel therethrough for drying purposes, a
heating unit for said air supplied from & source
of heat, means for circulating said air over said
unit, means responsive to a predetermined tem-
perature within and adjacent the outer layer
of said yarn package for reducing the tempera-
ture of she heat supply to said heating unit, and
means operating on said heating unit to prevent
the temperature adjacent the core of said pack-
age from rising above a predetermined tempera-
ture.

13. In & drying apparatus, the combination
of means to introduce air simultaneously into
a plurality of yarn packages to travel there-
through for drying purposes, a heating unit for
said air supplied from a source of heat, means
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for circulating said alr over said unit, and means,
including temperature responsive devices respec-
tively in a plurality of said packages, for reduc-
ing the temperature of the heat supply to said
heating unit when the femperature in any one
of said yarn packages rises to a predetermined
maximum.

14. In a drying apparatus, the combination

of means to introduce alr simultaneously into
a plurality of yarn packages to travel there-
through for dirying purposes, a heating unit for
said air supplied from a source of heat, means
for circulating sald air over sald unit, and means,
including temperature responsive devices in a
plurality of sald packages for reducing the tem-
perature of the heat supply to said heating unit
when the temperature of all of said yarn pack-
ages rises to a predetermined maximum,

15. In a drying apparatus, the combination of

[

10

5

means to introduce air simultaneously into a plu-
rality of yarn packages to travel therethrough
for drying purposes, & heating unit for said air
supplied from a source of heat, means for cir-
culating said air over said unit, means including
temperature responsive devices located respec-
tively in said packages adjacent the cores thereof
for reducing the temperature of the heat supply
to said heating unit when the temperature adja-
cent the core of any one of said packages rises
to a predetermined maximum, and means, in-
cluding temperature responsive devices operative
to further reduce the temperature of the heat
supply to said heating unit when the temperature
adjacent the outer layer of all of said packages
rises to a predetermined maximum.

HARRY S, DRUM.
WILLIAM C. DODSON.




