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(57) Abrege/Abstract:

An air dryer having a heater element associated with its valves to prevent freezing at cold tem
temperature sensor and an electronic controller that reads the temperature sensor during norir

peratures. The air dryer includes a
al operations and selectively opens
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(57) Abrege(suite)/Abstract(continued):

and closes certain of the valves when the temperature falls below a predetermined threshold to enter a safe mode that avoids
freezing of the valves during operation. If an exhaust valve Is open when safe mode Is entered, the corresponding inlet valve Is
closed, both of the exhaust valves are closed, and the other Inlet valve If opened. If an exhaust valve Iis not open, both inlet valves
are opened and both exhaust valves are closed.
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(57) Abstract: An air dryer having a heater element associated with its valves to
prevent freezing at cold temperatures. The air dryer includes a temperature sensor and
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an electronic controller that reads the temperature sensor during normal operations
and selectively opens and closes certain of the valves when the temperature falls
below a predetermined threshold to enter a sate mode that avoids freezing of the
valves during operation. If an exhaust valve 1s open when sate mode 1s entered, the
corresponding inlet valve is closed, both of the exhaust valves are closed, and the
96 other inlet valve 1t opened. If an exhaust valve 1s not open, both mlet valves are
opened and both exhaust valves are closed.
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TITLE

SMART HEATER CONTROL FOR AN AIR DRYER
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
[0001] The present invention relates to railway air system air dryers and, more
particularly, to an air dryer having a heating control system for preventing freezing of valves.
2. DESCRIPTION OF THE RELATED ART
[0002] A typical “twin-tower” desiccant-type air dryer includes two drying circuits
that are controlled by valves. Wet inlet air flows through one circuit to remove water vapor,
while dry product air counter flows through the other circuit to remove the accumulated water
and regenerate the desiccant. Inlet and exhaust valves for each pneumatic circuit are
responsive to controlling electronics to switch the air flow between the two circuits so that
one circuit 1s always drying while the other 1s regenerating. For example, when inlet A 1s
open, exhaust A 1s closed, inlet B 1s closed, and exhaust B 1s open for the duration of the
regeneration cycle, but otherwise closed. Likewise, when inlet B 1s open, exhaust B 1s
closed, inlet A 1s closed, and exhaust A 1s open for the duration of the regeneration cycle, but
otherwise closed.
[0003] The air dryer valves are constantly subjected to wet air and thus prone to
freezing at low temperatures. Because the two sets of inlet and exhaust valves are
independently controlled, 1t 1s possible for an inlet valve and an exhaust valve 1n the same
circuit to be simultaneously open if either or both of the inlet and exhaust valves freeze open.
When the inlet and exhaust valves are simultaneously open, the main locomotive reservoir
will vent and the locomotive air compressor will have insufficient capacity to overcome the
air loss. In a second scenari0, although the inlet valves are normally open (no power), it 1s
possible that one or both of these valves might freeze closed. If both inlet valves are
simultaneously closed, then all flow through the dryer 1s blocked.
[0004] In order to counteract this problem, a heater element may be provided to warm
the valves sufficiently to prevent freezing. At start-up, a controller determines the
temperature of the valve block. If the valve block temperature 1s less than a predetermined
temperature, such as 5 degrees C, then the controller turns on the heater and delays powering
of any of the two sets of the normally open inlet valves and the normally closed exhaust
valves until such time that the valve block temperature 1s equal to or greater than the
predetermined temperature. In a conventional approach, this evaluation only occurs at initial

start-up and 1t 1s therefore assumed that the heater and controller will maintain the valve
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block temperature above the predetermined temperature and freezing will not occur. In
practice, however, the heater may not have enough power to maintain the valve block above
the predetermined temperature when ambient temperatures are very and the air high flow rate
1s high due to the substantial heat loss to the cold inlet air flow through the dryer. As a result,
even though the heater may successfully warm the valve block at a cold temperature start-up,
the valve block may drop below freezing during high flow operations so that the inlet and
exhaust valves can freeze and resulting 1n the problems described above. Accordingly, there
1S a need for a heater control system that can address the problem of conditions that cause
freezing of the valves after initial start-up based on subsequent operating condition.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention includes an air dryer having an inlet for receiving
compressed air, a pair of inlet valves and a corresponding pair of exhaust valves positioned 1n
a valve block for controlling the movement of the compressed air through a corresponding
pair of desiccant towers, a heater configured to warm the valve block, a temperature sensor
for outputting a signal indicating the temperature of at least a portion of the air dryer; and a
controller piloting the series of valves. The controller 1s programmed to determine whether
one of the pair of exhaust valves 1s open when the temperature falls below a predetermined
threshold and 1f so, to close the corresponding one of the pair of inlet valves, close both of the
exhaust valves, and open the other of the pair of inlet valves. The controller 1s also
programmed to open both inlet valves and close both exhaust valves i1f one of the pair of
exhaust valves 1s not open when the temperature falls below the predetermined threshold.
The air dryer may include a drain valve associated with a pre-filtration stage and, 1f so, the
controller 1s programmed to close the drain valve when the temperature falls below the
predetermined threshold.

[0006] The present invention also includes a method of preventing frozen air dryer
valves for an air dryer having an inlet for receiving compressed air, a pair of inlet valves and
a corresponding pair of exhaust valves positioned in a valve block for controlling the
movement of the compressed air through a corresponding pair of desiccant towers, a heater
configured to warm the valve block, a temperature sensor for outputting a signal indicating
the temperature of at least a portion of the air dryer, and a controller piloting the series of
valves. The method involves receiving the signal 1ndicating the temperature of the air dryer
from the temperature sensor, determining whether the temperature of the air dryer has fallen
below a predetermined threshold, determining whether one of the pair of exhaust valves 1s

open when the temperature falls below a predetermined threshold, and closing the
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corresponding one of the pair of inlet valves, closing both of the exhaust valves, and opening
the other of the pair of inlet valves 1f one of the pair of exhaust valves 1s open when the
temperature falls below a predetermined threshold. The method may further include the step
of opening both 1nlet valves and closing both exhaust valves 1f one of the pair of exhaust
valves 1s not open when the temperature falls below the predetermined threshold. If the air
dryer includes a drain valve associated with a pre-filtration stage, the method may include the
step of closing the drain valve when the temperature falls below the predetermined threshold.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0007] The present invention will be more fully understood and appreciated by
reading the following Detailed Description in conjunction with the accompanying drawings,
1n which:

[0008] FIG. 1 1s a schematic of a locomotive air supply system having an air dryer
having a heated valve block according to the present invention;

[0009] FIG. 2 1s a schematic of an air dryer with integral pre-filtration stage and a
heated valve block according to the present invention;

[0010] FIG. 3 1s a schematic of a heated valve block of an air dryer with pre-filtration
state according to the present invention;

[0011] FIG. 4 1s a tflowchart of a start-up heater control process for an air dryer
having a heated valve block; and

[0012] FIG. 5 1s a flowchart of a normal operation heater control process according to
the present invention for an air dryer having a heated valve block.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Referring now to the drawings, wherein like reference numerals refer to like
parts throughout, there 1s seen in FIG. 1 a locomotive air system 10 having an air compressor
12, aftercooler 14, first and second main reservoirs MR1 and MR2, and a two-tower
desiccant air dryer 16 having heater control according to the present invention, as more fully
described below. Second main reservoir MR2 1s coupled to the braking system 18 and a
check valve 20 1s positioned between the first and second main reservoirs MR1 and MR2. A
pre-filtration stage 22 1s associated with air dryer 16 and includes a drain valve 24 that 1s
operated according to a drain valve purge cycle time.

[0014] Referring to FIG. 2, two-tower desiccant air dryer 16 comprises an inlet 28 for
receiving air from first main reservoir MR 1. Inlet 28 1s in communication with pre-filtration
stage 30, shown as comprising a water separator 32, a coarse coalescer 34, and a fine

coalescer 36. Any accumulated liquids 1n water separator 32, coarse coalescer 34, and fine
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coalescer 36 are expelled through drain valve 24. A pair of inlet valves 42 and 44 are
positioned downstream of pre-filtration stage 30 for diverting incoming air between one of
two pathways, each of which 1s associated with one of two desiccant towers 46 and 48. A
temperature sensor 50 1s positioned upstream of inlet valves 42 and 44 and downstream of
pre-filtration stage 30. Optionally, the temperature, or a second temperature sensor may be
located 1n the valve block housing the series of valves. The first pathway downstream of first
inlet valve 42 leads to an exhaust valve 52 and first desiccant tower 46. The second pathway
downstream of second inlet valve 44 leads to a second exhaust valve 54 and second desiccant
tower 48. The first pathway further includes a first check valve 58 and first bypass orifice 62
downstream of first desiccant tower 46, and the second pathway further includes a second
check valve 60 and bypass orifice 64 downstream of second desiccant tower 48. A single
outlet 66 1s coupled to the end of the first and second pathways, and a humidity sensor 68 1s
positioned upstream of outlet 66. Inlet valves 42 and 44 and exhaust valves 52 and 54 are
piloted by controller 40. Controller 40 operates inlet valves 42 and 44 and exhaust valves 52
and 54 so that compressed air provided at inlet 28 1s directed through one of desiccant towers
46 or 48 for drying. The other of desiccant towers 46 or 28 may be regenerated by allowing
dried air to reflow through bypass orifice 62 or 64 and out of exhaust valve 52 or 54 as
needed. Controller 40 1s also 1n communication with temperature sensor 50 and humidity
sensor 68. A heating element 70 may also be coupled to controller 40 and positioned 1n air
dryer 16 to warm drain valve 24, inlet valves 42 and 44 and exhaust valves 52 and 54 if the
temperature 1S below freezing,

[0015] As seen 1n FIG. 3, the air dryer pathways seen in FIG. 1 are arranged so that
drain valve 24, inlet valves 42 and 44, and exhaust valves 52 and 54 are commonly located
along with heater element 70 1n a valve block 72. As explained above, air dryer 16 includes
temperature sensor 50 for determining the approximate temperature of valve block 72 and
thus drain valve 24, inlet valves 42 and 44, and exhaust valves 52 and 54. Temperature
sensor 76 1s shown as being positioned to detect the temperature of air passing through air
dryer 16, but may be positioned to detect the temperature of valve block 72, the temperature
of the inlet air, the temperature of ambient air, or some combination of the above.

[0016] Referring to FIG. 4, air dryer controller 40 1s programmed to implement a
start-up heater control process 80 to ensure that valve block 72 1s sufficiently heated to a
temperature that avoids the likelihood that drain valve 24, inlet valves 42 and 44, or exhaust
valves 52 and 54 can become frozen. First, controller 40 reads the temperature 82 such as by

using temperature 76 positioned 1n valve block 72. Next, a check 84 1s performed to
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determine whether the temperature 1s below freezing (or any other predetermined temperature
selected to be indicative of a risk that drain valve 24, inlet valves 42 and 44, or exhaust valves
52 and 54 will become frozen). If the temperature 1s below the threshold at check 84,
controller 40 1nhibits valve operation 86, such as by inhibiting the operation of drain valve
24, 1nlet valves 42 and 44, and/or exhaust valves 52 and 54 until such time as the temperature
has risen above the threshold. Thus, 1f air dryer 16 1s turned on after an extended cold soak at
low temperature, controller 40 will atfirmatively inhibit actuation of drain valve 24, inlet
valves 42 and 44, and/or exhaust valves 52 and 54 until heater element 70 has warmed valve
block 72 sufficiently to prevent any of drain valve 24, inlet valves 42 and 44, and exhaust
valves 52 and 54 from freezing in an open position and causing an undesired venting of
compressed air from locomotive air supply system 10. Preferably, inlet valves 42 and 44 are
normally open and exhaust valves 52 and 54 are normally closed 1n the unpowered state, so
that compressed air may flow through air dryer 16 to MR2 when all valves are in an
unpowered state. By using closed loop temperature feedback control to inhibit the operation
of the series of valves, the start-up time for a cold air dryer 1s proportional to the starting
temperature. Alternatively, a simple system which uses a fixed time delay calculated to allow
the valve block to warm to above freezing for the worst case condition may be provided.
[0017] The same sensor and controller may be used to turn off the heater, when the
temperature of the valve block 1s at or above the target temperature, thus regulating the
temperature of the valve block to a temperature above freezing when the ambient temperature
1S below freezing; and turning the heater off completely when the ambient temperature, as
indicated by the temperature of the valve block, 1s above freezing.

[0018] Referring to FIG. 5, air dryer controller 40 1s programmed to implement a
normal operations heater control process 90 after initial start-up to address the potential for
freezing during normal air dryer operations. Process 90 1s designed to prevent air dryer 16
from freezing in an unsafe state, such as when inlet valve 42 or 44 and corresponding exhaust
valve 52 or 54 in the same circuit are simultaneously open or when both inlet valves 42 and
44 are stmultaneously closed. This unsafe state 1s more likely to occur when the valve block
temperature drops below a predetermined threshold temperature indicating a risk of freezing
(such as 5 degrees C), as might occur when there 1s a high flow of very cold air through dryer
16 that exceeds the ability of heater 70 or if there 1s a failure of heater 70.

[0019] Process 90 begins when air dryer 16 has been in normal mode 92 after a
successful start-up (valve block temperature 1s above the predetermined threshold as

explained above). A check 94 1s performed to determine whether the valve block
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temperature has dropped below drops the predetermined threshold. If not, air dryer remains
1n normal operational mode and control returns. If so, process 90 places air dryer 16 1into a
safe mode 96 as described herein. Once sate mode 96 1s entered, a check 98 1s made to
determine whether one of the exhaust valves 52 or 54 1s open. If so, the corresponding inlet
valve 42 or 44 1s closed, exhaust valves are closed, pre-filtration drain valve 24 1s closed, and
the other inlet valve 42 or 44 1s opened at step 100. In normal operations, for example, 1f
initially inlet 1 1s open, exhaust 1 1s closed, inlet 2 1s closed and exhaust 2 1s open. If
controller 40 enters safe mode from this state, controller 40 will cause inlet 1 1s stay open,
exhaust 1 to stay closed, inlet 2 to stay closed and exhaust 2 to close. Even if exhaust 2 has
frozen open, the relevant circuit 1s closed by keeping inlet 2 closed. It should be recognized
that, as seen 1n FIG. 2, inlet valves 42 and 44 are normally open and thus energized by
controller 40 to close, and exhaust valves 52 and 54 are normally closed and thus energized
by controller 40 to open. If check 98 determines that neither exhaust valve 52 nor 54 1s open,
then both 1nlet valves 42 and 44 are opened, exhaust valves 52 and 54 are closed, and pre-
filtration drain valve 24 1s closed. Air may thus flow through both pneumatic circuits,
minimizing the possibility that air flow through air dryer 16 1s blocked due to 1ce buildup.
[0020] After the appropriate valves have been opened or closed at step 100 or 102, a
check 106 1s performed to 1dentify whether valve block 72 has warmed above the
predetermined threshold temperature. If not, air dryer 16 stays in safe mode 96. If so, safe
mode 96 1s exited and normal mode 92 restored. Normal mode 92 operations may be
dependent on the circumstances of check 98. For example, 1f air dryer 16 entered safe mode
96 with one exhaust valve open (as determined at step 98), when the temperature of valve
block 72 temperature warms to greater than the threshold temperature, controller 40 may
resume normal operation of the particular cycle that was interrupted by process 90. If the
dryer entered safe mode with both exhaust valves closed (as determined at step 98), when the
temperature of valve block 72 warms to greater than the threshold, controller 40 may perform
a normal start-up, such as by commanding a fixed two minute cycle on circuit 1 followed by
a fixed two minute cycle on circuit 2. Controller 40 will then allow dryer 16 to resume
normal operations (if the safe mode was used for an extended time, both desiccant beds may
be 1n need of regeneration). Alternatively, when safe mode 96 1s triggered, check 98 can be
omitted and step 102 performed. Thus, both inlet valves 42 and 44 are opened, both exhaust
valves 52 and 54 are closed, and drain valve 24 1s closed regardless of the prior state of the

exhaust valves 52 and 54. Otherwise, control logic remains the same as described herein.
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CLAIMS:

1. An air dryer, comprising;

an 1nlet for receiving compressed air;

a pair of inlet valves and a corresponding pair of exhaust valves positioned in a valve
block for controlling the movement of the compressed air through a corresponding pair of
desiccant towers;

a heater configured to warm the valve block;

a temperature sensor for outputting a signal indicating the temperature of at least a
portion of the air dryer; and .

a controller piloting the series of valves that is programmed to determine whether one
of the pair of exhaust valves 1s open when the temperature falls below a predetermined
threshold and if so, to close the corresponding one of the pair of inlet valves, close both of the

exhaust valves, and open the other of the pair of inlet valves.

2. The air dryer of claim 1, wherein the controller is programmed to open both inlet
valves and close both exhaust valves 1f one ot the pair of exhaust valves 1s not open when the

temperature falls below the predetermined threshold.

3. The air dryer of claim 2, includes the air dryer includes a drain valve associated with a

pre-filtration stage.

4. The air dryer of claim 3, wherein the controller 1s programmed to close the drain valve

when the temperature falls below the predetermined threshold.
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5. A method of preventing frozen air dryer valves, comprising the steps of:

providing an air dryer having an inlet for receiving compressed air, a pair of inlet
valves and a corresponding pair of exhaust valves positioned in a valve block for controlling
the movement of the compressed air through a corresponding pair of desiccant towers, a
heater configured to warm the valve block, a temperature sensor for outputting a signal
indicating the temperature of at least a portion of the air dryer, and a controller piloting the
series of valves;

recerving the signal indicating the temperature of the air dryer from the temperature
Sensor;

determining whether the temperature of the air dryer has fallen below a predetermined

threshold:

determining whether one of the pair of exhaust valves is open when the temperature
falls below a predetermined threshold; and

closing the corresponding one of the pair of inlet valves, closing both of the exhaust

valves, and opening the other of the pair of inlet valves if one of the pair of exhaust valves 1s

6. The method of claim 5, further comprising the step of opening both inlet valves and
closing both exhaust valves if one of the pair of exhaust valves 1s not open when the

temperature falls below the predetermined threshold.

7. The method of claim 6, wherein the air dryer includes a drain valve associated with a

pre-filtration stage.

8. The method of claim 7, further comprising the step of closing the drain valve when the

temperature falls below the predetermined threshold.
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