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ELECTRO-MAGNETIC CHECK VALVE 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Patent Application Serial 

No. 61/663, 868 filed June 25,2012, the contents of which are incorporated herein by 

reference thereto 

BACKGROUND OF THE INVENTION 

[0002] The invention relates generally to transport refrigeration systems and, more 

particularly, to an ah* exchange valve of a transport refrigeration system. 

[0003] A transport refrigeration system is used to control an environment in an enclosed 

area, such as the insulated box on trailers, trucks, containers. The refrigeration system 

absorbs heat from the enclosed area and releases the heat outside of the box into the 

environment. Perishable items that are commonly transported in such refrigeration systems 

respirate over time, converting oxygen into carbon dioxide. If the concentration of oxygen is 

too low, or the concentration of carbon dioxide is too high, the cargo may be damaged. Fresh 

air exchanges avoid such a result by drawing fresh air into the system and forcing the carbon 

dioxide out an exhaust. The amount of fresh air drawn into the refrigeration system must be 

limited because the air may dry out the perishable items, and because power from the system 

must be used to cool the ah". 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] According to one embodiment of the invention, a valve for use in an ah* exchange 

panel of a transportation refrigeration system is provided including a valve cap configured 

and arranged to be positioned adjacent the air exchange panel and movable between a first 

position and a second position. The valve cap includes a magnetic portion. A resilient 

flexible member is coupled to the valve cap and is configured and arranged to be coupled to 

the ah- exchange panel. The resilient flexible member biases the valve cap into a first 

position. An electromagnet is positioned inside the air exchange panel, opposite the valve 

cap. A controller is coupled to the electromagnet to selectively apply power to move the 

valve cap between the first position and the second position. 

[0005] According to another embodiment of the invention, a transportation refrigeration 

system is provided including a container having a wall. A sensor detects a state inside the 
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container. An air exchange panel is located with the wall of the container and includes an ah 

intake duct. An air exchange valve is mounted to the ah exchange panel adjacent the air 

intake duct and includes a valve cap movable between a first position and a second position. 

A resilient flexible member is coupled to the valve cap and biases the valve cap to a first 

position. The air exchange valve also includes an electromagnet located with the air 

exchange panel, opposite the valve cap. A controller is coupled to the electromagnet to 

selectively apply power to the electromagnet to move the valve cap between the first position 

and the second position in response to a signal from the sensor. 

[0006] According to yet another embodiment of the invention, a method for operating a 

transportation refrigeration system having a container configured to store cargo is provided 

including detecting an oxygen level within the container. Power is applied to an 

electromagnet if the oxygen level is greater than or equal to a threshold. The oxygen level 

within the container is again detected. Power is removed from the electromagnet if the 

oxygen level is below the threshold. The valve cap is biased into a first position by a resilient 

flexible member. 

[0007] These and other advantages and features will become more apparent from the 

following description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] The subject matter, which is regarded as the invention, is particularly pointed out 

and distinctly claimed in the claims at the conclusion of the specification. The foregoing and 

other features, and advantages of the invention are apparent from the following detailed 

description taken in conjunction with the accompanying drawings in which: 

[0009] FIG. 1 is a cross-section of a portion of a transportation refrigeration system; 

[0010] FIG. 2 is a perspective view of an open air exchange valve; 

[0011] FIG. 3 is a perspective view of a closed ah exchange valve; 

[0012] FIG. 4 is a perspective view of an air exchange panel; 

[0013] FIG. 5 is a perspective view of an air exchange panel; and 

[0014] FIG. 6 is a cross-section of another ah exchange valve. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Referring to FIG. 1, a simplified schematic diagram of a portion of an exemplary 

transport refrigeration system 10 is illustrated. The system 10 includes a container 12 for 

storing cargo, such as perishable goods for example. At least one wall 14 of the container 12 
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includes an air exchange panel 20. The air exchange panel 20 includes at least one air intake 

duct 22, at least one air exhaust duct 24, an air exchange valve 100 and a sensor 26. The air 

intake duct 24 receives oxygen-rich ail* external to the system, such as from the atmosphere 

for example. The carbon dioxide-rich air within the container 12 flows through the air 

exhaust duct 24 and is discharged outside the container 12. In one embodiment, the sensor 26 

is configured to detect the amount of oxygen in the container 12 and based on the oxygen 

level detected to selectively operate the air exchange valve 100. More specifically, if the 

sensed oxygen level is below a predetermined value, a controller 28 in communication with 

the sensor 26 will open the air exchange valve 100, so that oxygen-rich air will flow through 

the air intake duct 22 and into the container 12. It will be appreciated that alternatively, the 

sensor 26 may be configured to sense the amount of carbon-dioxide in the container 12. 

[0016] The air exchange valve 100 is mounted to the air exchange panel 20 adjacent the 

air intake duct 22 and is movable between a closed position, in which the air flow through the 

air intake duct 22 is inhibited, and an open position, in which the airflow through the air 

intake duct 22 is allowed. The air exchange valve 100 is electrically coupled through a 

controller 28 to the sensor 26. During normal operation of the system, when the sensor 26 

determines that the oxygen in the container 12 is at an acceptable level, the valve 100 is held 
in the closed position, and flow through the air intake duct 22 is prohibited or substantially 

inhibited. If, however, the sensor 26 determines that the oxygen level is low, the valve 100 is 

opened, allowing oxygen-rich air to flow through the air intake duct 22 and into the container 

[0017] Referring now to FIGS. 2 and 3, an air exchange valve 100 is illustrated. The air 

exchange valve 100 includes a valve cap 102 mounted to a resilient flexible member 110, the 

valve cap 102 being movable between an open position and a closed position. The valve cap 

102 may be made from a magnetic material or from an iron based steel. The valve cap 102 is 

sized such that when the valve cap 102 is in a closed position, the valve cap 102 inhibits air 

flow through the air intake ducts 22 of the air exchange panel 20. In one embodiment, a 

portion 112 of the resilient flexible member 110 is coupled to a first surface 104 of the valve 

cap 102, such as at the center of the first surface 104 for example. Alternate connections 

between the resilient flexible member 110 and the cap 102 are within the scope of the 

invention. In one embodiment, the resilient flexible member 110 is made from a sheet metal 

having a grain structure such that the resilient flexible member 110 has an increased 

flexibility in a direction parallel to the grain and an increased stiffness in a direction normal 

to the grain. The resilient flexible member 110 biases the valve cap 102 into an open 
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position. In one embodiment, when the valve cap 102 is in an open position (see FIG. 2), the 

resilient flexible member 110 is located within a plane and the first surface 104 of the valve 

cap 102 coupled to the resilient flexible member 110 is parallel to and abuts that plane. 

When the valve cap 102 is in a closed position, shown in FIG. 3, the portion 112 of the 

resilient flexible member 110 coupled to the valve cap 102 extends out of the plane in the 

direction of the air exchange panel 20. 

[0018] The valve cap 102 may additionally include at least one sealing mechanism 108 

(FIG. 5) for engagement with a portion of an air exchange panel 20. The sealing mechanism 

108 may be connected to or may be integrally formed with a second surface 106 (FIG. 5), 

opposite the first surface 104, of the valve cap 102. In one embodiment, the sealing 

mechanism 108 is a generally v-shaped peak that extends from the second surface 106 of the 

valve cap 102 to engage a gasket on the air exchange panel 20 to seal a respective air intake 

duct 22. The resilient flexible member 110 includes a first flange 114 having a first hole 116 

and a second flange 120 having a second hole 122. The first flange 114 and the second 

flange 120 are coplanar and located on opposing sides of the resilient flexible member 110. 

A first spacer 118 is mounted to the first flange 114 adjacent the first hole 116 and a second 

spacer 124 is mounted to the second flange 120 adjacent the second hole 122. The first and 

second spacers 118,124 extend perpendicular to the plane of the resilient flexible member 

110 in the direction of the air exchange panel 20. The spacers 118, 124 may be used to 

couple a portion of the resilient flexible member 110 to the air exchange panel 20 at a fixed 

distance. 

[0019] FIGS. 4 and 5 are cross-sectional views of the air exchange panel 20 when the air 

exchange valve 100 is in an open position and a closed position. Housed within the air 

exchange panel 20, is an electromagnet 150. In one embodiment, the electromagnet 150 

includes an iron core and a wire 152 wrapped around the iron core. The wire 152 of the 

electromagnet 150 is coupled to the controller 28 so that power may be selectively applied to 

the wire 152. At least one air intake duct 22 is disposed adjacent the electromagnet 150. The 

air intake duct 22 extends through the air exchange panel 20 and into the container 12. The 

air exchange valve 100 is mounted to an exterior surface 21 of the air exchange panel 20 

using a plurality of fasteners, such as screws for example. A fastener may extend through the 

hole 116,122 in the flanges 114, 120 of the resilient flexible member 110 and the adjacent 

spacer 118,124 respectively into the air exchange panel 20. The spacers 118, 124 define a 

space between the plane of the resilient flexible member 110 and the air exchange panel 20 so 

that the valve cap 102 may move between an open position and a closed position. 
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[0020] During operation of the transport refrigeration system 10, the air exchange valve 

100 is biased into the open position by the resilient flexible member 110, as shown in FIG. 4. 

When the valve cap 102 is open, air may flow through the air intake ducts 22 of the air 

exchange panel 20. The pressure differential between the atmosphere and the inside of the 

container 12 draws the air through the open air intake ducts 22 and into the container 12. 

[0021] If the sensor 26 detects that the oxygen level inside the container 12 has reached 

an acceptable level, the sensor 26 generates and sends a signal to the controller 28 coupled to 

the electromagnet 150. The controller 28 closes the valve 100 by applying power to the wire 

152. When power is applied, the electromagnet 150 generates a magnetic field that attracts 

the valve cap 102, such that the sealing mechanisms 108 of the valve cap 102 create a seal 

about the air intake duct 22. The valve 100 will remain closed as long as the controller 

continues to power the electromagnet 150. When the sensor 26 determines that the oxygen 

level in the container 12 is too low, the sensor 26 generates and sends another signal to the 

controller 28. The controller 28, in turn, stops supplying electricity to the wire 152 of the 

electromagnet 150, thereby eliminating the magnetic field that attracts the valve cap 102. 

Because the electromagnet 150 no longer attracts the valve cap 102, the resilient flexible 

member 110 is able to bias the valve cap 102 into the open position. The sealing mechanisms 

108 again separate from the surface 21 of the air exchange panel 20 to allow air to flow 

through the air intake ducts 22 and into the container 12. 

[0022] In an alternate embodiment, illustrated in FIG. 6, the air exchange valve 200 

pivots relative to the surface 21 the air exchange panel 20, rather than moving parallel to the 

ail- exchange panel 20 as described above. A first end 204 of the valve cap 202 may be 

mounted to the air exchange panel 20 with a resilient flexible member 210 and at least one 

fastener 220. Fixed to the first end 204, adjacent the fastener 220, is a stiffener plate 212 that 

securely clamps the valve cap 202 in a closed position. Mounted near the free end 206 of the 

valve cap 202 is a magnetic material 214, such as an iron core or permanent magnet for 

example. The magnetic material 214 is located opposite the electromagnet 150 of the air 

exchange panel, such that when the electromagnet 150 generates a magnetic field, the 

magnetic material 214 is attracted to the electromagnet 150. During normal operation, the 

valve cap 202 is biased into an open position by the flexible resilient member 210. When 

power is applied to the electromagnet 150, the magnetic material 214 is attracted to the 

magnetic field of the electromagnet 150 and the valve cap 202 is held in a closed position. 

When power is removed from the electromagnet 150, the magnetic force attracting the 

permanent magnet 214 is eliminated, and the resilient flexible member 210 biases the valve 
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cap 202 to an open position. A stop 230 may be disposed adjacent the free end 206 of the 

valve cap 202 to limit the angular movement of the valve cap 202 relative to the air exchange 

panel 20. Though it is desirable to provide a valve 202 that is open in the event of a power 

failure, it is within the scope of the invention to apply power to the electromagnet 150 to open 

the valve 200 rather than to close it. 

[0023] While the invention has been described in detail in connection with only a limited 

number of embodiments, it should be readily understood that the invention is not limited to 

such disclosed embodiments. Rather, the invention can be modified to incoxporate any 

number of variations, alterations, substitutions or equivalent arrangements not heretofore 

described, but which are commensurate with the spirit and scope of the invention. 

Additionally, while various embodiments of the invention have been described, it is to be 

understood that aspects of the invention may include only some of the described 

embodiments. Accordingly, the invention is not to be seen as limited by the foregoing 

description, but is only limited by the scope of the appended claims. 
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CLAIMS: 

1. An electromagnetic check valve for use in an air exchange panel of a transportation 

refrigeration system, comprising: 

a valve cap positioned adjacent the air exchange panel and movable between a first 

position and a second position, the valve cap including a magnetic portion; 

a resilient flexible member, separate from and coupled to the valve cap, the resilient 

flexible member being connected to the air exchange panel to bias the valve cap into a first 

position; 

an electromagnet positioned inside the air exchange panel opposite the valve cap, and 

a controller that selectively applies power to the electromagnet to move the valve cap 

between the first position and the second position wherein the resilient flexible member 

includes a plurality of grains such that the resilient flexible member has an increased 

flexibility parallel to the plurality of grains and an increased stiffness normal to the plurality 
of grains. 

2. The electro-magnetic check valve according to claim 1, wherein the valve cap is made of 

an iron based steel. 

3. The electro-magnetic check valve according to claim 1, wherein the valve cap includes a 

permanent magnet. 

4. The electro-magnetic check valve according to claim 1, wherein the resilient flexible 

member is located within a plane when the valve cap is in the first position. 

5. The electro-magnetic check valve according to claim 1, wherein the resilient flexible 

member extends from a plane in the direction of the electromagnet when the valve cap is in 

the second position. 

6. A transportation refrigeration system comprising: 

a container having a wall; 

a sensor for detecting a state within the container; 

an air exchange panel disposed within the wall of the container including an air intake 

duct; 
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an air exchange valve mounted to the air exchange panel adjacent the air intake duct 

including: 

a valve cap movable between a first position and a second position, the valve 

cap being formed from a magnetic portion; 

a resilient flexible member coupled to the valve cap to bias the valve cap into 

a first position; 

an electromagnet disposed within the air exchange panel opposite the valve 

cap; and 

a controller for selectively applying power to the electromagnet to move the 

valve cap between a first position and a second position in response to a signal 

from the sensor; 
wherein the resilient flexible member includes a plurality of grains such that the resilient 

flexible member has an increased flexibility parallel to the plurality of grains and an 

increased stiffness normal to the plurality of grains. 

7. The transportation refrigeration system according to claim 6, wherein the valve cap is 

made of an iron based steel. 

8. The transportation refrigeration system according to claim 6, wherein the valve cap 
includes a permanent magnet. 

9. The transportation refrigeration system according to claim 6, wherein the resilient flexible 

member is located within a plane when the valve cap is in the first position. 

10. The transportation refrigeration system according to claim 6, wherein the resilient flexible 

member extends from a plane in the direction of the electromagnet when the valve cap is in 

the second position. 

11. The transportation refrigeration system according to claim 6, wherein the sensor detects 

an amount of oxygen within the container. 

12. The transportation refrigeration system according to claim 6, wherein the sensor detects 

an amount of carbon dioxide within the container. 
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13. A method for operating a transportation refrigeration system having a container 

configured to store cargo, comprising: 

detecting an oxygen level within the container; 

applying power to an electromagnet if the oxygen level is greater than or equal to a 

threshold; 

detecting the oxygen level within the container; 

removing power from the electromagnet if the oxygen level is below the threshold; 

biasing a valve cap and resilient flexible member to a first position to allow a flow of 

oxygen into the container, the valve cap being formed from a magnetic material; 

wherein the resilient flexible member includes a plurality of grains such that the resilient 

flexible member has an increased flexibility parallel to the plurality of grains and an 

increased stiffness normal to the plurality of grains. 

14. The method according to claim 13, wherein the oxygen level is detected by a sensor 

within the container. 

15. The method according to claim 13, wherein a controller is coupled to both the sensor and 

the electromagnet. 

16. The method according to claim 15, wherein the controller applies power to and removes 

power from the electromagnet in response to a signal from the sensor. 

17. The method according to claim 13, wherein the resilient flexible member is coupled to the 

valve cap. 
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