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METHOD AND STRUCTURE FOR LIMITING Other objects , features and characteristics of the present 
COVER DEFLECTION IN AN ECU WHEN invention , as well as the methods of operation and the 

EXPOSED TO HIGH ALTITUDE functions of the related elements of the structure , the com 
ENVIRONMENTS bination of parts and economics of manufacture will become 

5 more apparent upon consideration of the following detailed 
FIELD description and appended claims with reference to the 

accompanying drawings , all of which form a part of this 
The invention relates to sealed engine control units ( ECU ) specification . 

for automotive vehicles and , more particularly , to support BRIEF DESCRIPTION OF THE DRAWINGS structure for limiting deflection of a cover of the sealed ECU 10 
in high altitude environments The invention will be better understood from the follow 

BACKGROUND ing detailed description of the preferred embodiments 
thereof , taken in conjunction with the accompanying draw 

ECUs are control units typically installed in the engine 15 ings , wherein like reference numerals refer to like parts , in 
which : compartment of a vehicle . The ECU typically controls many FIG . 1 top view of an ECU in accordance with an of the functions of the vehicle such as the fuel injector embodiment . drivers , engine operations , etc . , by controlling a series of FIG . 2 is partial cross - sectional view of the ECU taken actuators based on input from sensors . 20 along the line 2 - 2 of FIG . 1 , showing an embodiment of 

Typical ECUs have a circuit board that is disposed in a support structure coupled to a housing by a single fastener . 
housing . A cover , mounted to the housing , covers the circuit FIG . 3 top view of an ECU in accordance with another 
board . When a vehicle and thus the ECU are exposed to high embodiment . 
altitudes , internal pressure can build up inside the ECU . In FIG . 4 is view of support structure of the ECU of FIG . 3 , 
a sealed ECU where the cover is sealed with respect to the 25 shown coupled over a circuit board and to the housing by a 
housing , such internal pressure may cause the cover to pair of fasteners . 
deflect outwardly , reducing the effectiveness of the sealing FIG . 5 is a sectional view taken along the line 5 - 5 of FIG . 
arrangement . Using a vent in the ECU could equalize the 3 , showing an embodiment of support structure coupled to 
pressure inside the ECU , but this solution cannot be used a housing by a pair of fasteners . 
when customer ' s demands a sealed ECU . Cover deflection 30 FIG . 6 is a top view of an ECU in accordance with another 
can be limited by using a cast cover . However , a cast cover embodiment . 
is expensive and very heavy . 

Thus , there is a need in a sealed ECU to limit , in a DETAILED DESCRIPTION OF EXEMPLARY 
cost - effective manner , deflection of the cover when internal EMBODIMENT 
pressure increases inside of the ECU . 35 

With reference to FIGS . 1 and 2 , an ECU is shown , 
SUMMARY generally indicated at 10 , for controlling operations of a 

vehicle . The ECU 10 has a cover 12 secured to housing 14 . 
An object of the invention is to fulfill the needs referred With reference to FIG . 2 , the ECU 10 includes a circuit 

to above . In accordance with the principles of an embodi - 40 board 16 mounted to the housing 14 by at least one fastener 
ment , this objective is obtained by an engine control unit 18 . The cover 12 , preferably of stamped metal such as steel 
( ECU ) that includes a housing , a cover sealingly engaged or aluminum , is engaged with the housing in a sealed 
with the housing , a circuit board disposed in the housing and manner so as to protect the circuit board 16 by preventing 
support structure disposed in the housing and associated the intrusion of moisture and / or foreign particles into the 
with an inner surface of the cover . At least one fastener 45 housing 14 . Thus , a conventional sealing arrangement 17 
couples both the support structure and the circuit board to ( FIG . 5 ) is provided between the cover 12 and the housing 
the housing . An adhesive bonds at least portions of the 14 . 
support structure to portions of the inner surface of the Since the ECU 10 is a sealed unit , when a vehicle 
cover . The support structure is constructed and arranged to employing the ECU 10 is exposed to high altitudes , internal 
limit deflection of the cover when internal pressure increases 50 pressure can build up inside the ECU 10 , causing the cover 
in the ECU . 12 deflect outwardly ( in the direction of arrow A ) , reducing 

In accordance with another aspect of an embodiment , a the effectiveness of the sealing arrangement 17 . Thus , to 
method provides rigidity to a cover of an engine control unit provide rigidity to the cover 12 , in accordance with an 
( ECU ) . The ECU has a housing and a circuit board . The embodiment , support structure 18 is associated with the 
circuit board has at least one mounting bore there - through . 55 cover 12 . The support structure 20 in the form of an 
The circuit board is placed in the housing . Support structure elongated , rigid plate , preferably of stamped steel , that 
is provided and has at least one bore there - through . The at extends across a portion of an inner surface of the cover 12 . 
least one bore of the support structure is then aligned with In the embodiment of FIG . 2 , the support structure 20 
the at least one mounting bore of the circuit board . A fastener extends generally from one side 22 of the cover 12 to the 
is provided through the aligned bores and the fastener is 60 opposing side 24 thereof . The support structure 20 has a 
coupled to the housing to secure both the support structure mounting portion 26 , located generally centrally thereof , 
and the circuit board to the housing . Adhesive is provided on having a bore 28 there - through for receiving the fastener 18 . 
at least portions of an upper surface of the support structure . The mounting portion 26 of the support structure 20 is 
The cover is placed in sealed relation with the housing , placed over a generally centrally located mounting bore 29 
thereby compressing the adhesive between the upper surface 65 of the circuit board 16 . The fastener 18 is provided through 
of the support structure and an inner surface of the cover to bores 28 and 29 and into the housing 14 to secure both the 
bond the support structure to the cover . circuit board 16 and the support structure 20 to the housing 
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14 . In the embodiment , the cover 12 is generally square or What is claimed is : 
rectangular . Since the fastener 18 is disposed generally 1 . An engine control unit ( ECU ) comprising : 
centrally of the circuit board 16 and thus centrally of the a housing , 
cover 12 , it can be appreciated that the support structure 20 a cover sealingly engaged with the housing , 
can be oriented as FIG . 1 , or can be oriented to extend 5 a circuit board disposed in the housing , 
substantially between sides 30 and 32 ( see embodiment of support structure disposed in the housing between the 
FIG . 3 ) , or can extend diagonally substantially between cover and the circuit board so as to be adjacent to an 
opposing corners 34 and 36 of the cover 12 ( see embodiment inner surface of the cover , 
of FIG . 6 ) . The fastener 18 preferably has threads 37 and is at least one fastener coupling both the support structure 
threadedly engaged with threads 39 of the housing 14 . 10 and the circuit board to the housing , and 

The support structure 20 also has a generally planar upper an adhesive bonding at least one portion of the support 
surface 38 disposed adjacent to a generally planar inner structure to at least one portion of the inner surface of 
surface 40 of the cover 12 and spaced above the mounting the cover , the adhesive contacting and disposed 
portion 26 so that the fastener 18 is in a plane different from 15 between the at least one portion of the support structure 
the plane of the upper surface 38 . A sealant or adhesive 42 and the inner surface of the cover , 
is provided on at least a portion of the upper surfaced 38 and wherein the support structure is constructed and arranged 
when the cover 12 is secured to the housing 14 , the sealant to limit deflection of the cover when internal pressure 
42 is compressed between surfaces 38 and 40 , creating a increases in the ECU , 
bond between the support structure 20 and the cover 16 . 20 wherein the circuit board includes a mounting bore there 
Thus , support structure 20 limits deflection of the cover 12 through , and the support structure includes a mounting 
when internal pressure builds up in the housing 14 and portion having a bore there - through , the at least one 
maintains the sealed arrangement of the ECU 10 . fastener extending through the bore of the support 

Certain ECUs do not use the single , central fastener 18 to structure and through the mounting bore of the circuit 
secure the circuit board 16 to the housing 14 , but use two or 25 board in threaded engagement with the housing , the 
more fasteners to secure the circuit board to the housing . In mounting bore of the circuit board , the bore of the 
such a configuration and with reference to FIGS . 3 - 5 , the mounting portion of the support structure and the at 
ECU 10 ' includes a support structure 20 ' having at least two least one fastener are disposed in a longitudinally and 
mounting portions 26 ' ( FIG . 4 ) , preferably at opposing ends laterally central portion of the housing , and 
44 and 46 thereof . The bore 28 of each the mounting portion 30 wherein the at least one fastener comprises a single 
26 ' of the support structure 20 ' is aligned with the corre fastener . 
sponding bore 29 of the circuit board 16 . A fastener 18 is 2 . The ECU of claim 1 , wherein the cover is composed of 
provided through each bore set ( aligned bores 28 and 29 ) stamped metal and the support structure is a metal support 
and into the housing 14 to secure both the circuit board 16 os structure . 
and the support structure 20 ' to the housing 14 . The support 3 . The ECU of claim 1 , wherein the support structure is 
structure 20 ' is arranged so that at least a portion thereof is an elongated , rigid plate . 
located generally centrally of the cover 12 . The support 4 . The ECU of claim 1 , wherein the at least one portion 
structure 20 ' also has a generally planar upper surface 38 of the support structure is located generally centrally of the 
disposed adjacent to a generally planar inner surface 40 of 40 cover . 
the cover 12 . A sealant or adhesive 42 is provided on the 5 . The ECU of claim 4 , wherein the cover is generally 
upper surfaced 38 and when the cover 12 is secured to the rectangular and the support structure extends substantially 
housing 14 , the sealant 42 is compressed between surfaces between opposing sides of the cover . 
38 and 40 , creating a bond between the support structure 20 ' 6 . The ECU of claim 4 , wherein the cover is generally 
and the cover 12 . Thus , support structure 20 ' limits deflec - 45 rectangular and the support structure extends substantially 
tion of the cover 12 when internal pressure increases in the diagonally between opposing corners of the cover . 
housing 14 and maintains the sealed arrangement of the 7 . The ECU of claim 1 , wherein the at least one portion 
ECU 10 ' . of the support structure comprises at least one generally 

The support structure 20 , 20 ' limits deflection of the cover planar surface , the adhesive is disposed between the inner 
12 to prevent permanent deformation of the cover 12 and 30 surface of the cover and the at least one generally planar 
also avoids any disturbance of the sealing arrangement surface , and the at least one generally planar surface of the 
between the cover 12 and the housing 14 , thereby preventing support structure is in spaced relation with the mounting 
failure of the ECU due to leaks . The support structure 20 , 20 ' portion so that the at least one fastener is in a plane different 
does not significantly increase the weight of the ECU and is ss from a plane of the at least one generally planar surface . 
less expensive than other solutions . Furthermore , since the 8 . The ECU of claim 1 , wherein the at least one portion 
existing fastener ( s ) that is used to secure the circuit board 16 of the support structure comprises a first generally planar 
to the housing 14 also secures the support structure 20 , 20 portion and a second generally planar portion , the first and 
to the housing 14 , there is no need to modify the cover 12 , second generally planar portions being disposed adjacent the 
housing 14 , or the circuit board 16 of the ECU . 60 cover , the mounting portion having a first end extending 

The foregoing preferred embodiments have been shown from the first generally planar portion and a second end 
and described for the purposes of illustrating the structural extending from the second generally planar portion , the bore 
and functional principles of the present invention , as well as of the mounting portion is disposed at a longitudinally 
illustrating the methods of employing the preferred embodi - central portion of the mounting portion , and an area of the 
ments and are subject to change without departing from such 65 mounting portion surrounding the through - bore is at a 
principles . Therefore , this invention includes all modifica different elevation within the housing relative to an elevation 
tions encompassed within the spirit of the following claims . of the first and second generally planar portions . 
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9 . The ECU of claim 1 , wherein the at least one fastener face , the support structure includes a mounting portion 
is spaced apart from and does not contact the cover , and the having a bore therethrough , the adhesive is disposed 
adhesive is spaced apart from and does not contact the between the inner surface of the cover and the at least one 
housing . planar surface , and the at least one planar surface of the 

10 . An engine control unit ( ECU ) comprising : 5 support structure is in spaced relation with the mounting 
a housing , portion so that the at least one fastener is in a plane different 
a cover sealingly engaged with the housing , from a plane of the at least one planar surface . 

17 . The ECU of claim 10 , wherein the housing includes a circuit board disposed in the housing , 
a support structure disposed in the housing between the a portion that is along a side of the ECU that is opposite a 
cover and the circuit board so as to be generally 10 S 10 side of the ECU at which the cover is located such that the 
adjacent to an inner surface of the cover , at least one fastener , the support structure and the adhesive 

at least one fastener coupling both the support structure limit the cover from deflecting toward and away from the 
and the circuit board to the housing , and portion of the housing . 

an adhesive bonding at least one portion of the support 18 . The ECU of claim 1 , wherein the housing includes a 
structure to the inner surface of the cover , the adhesive 15 po ve 15 portion that is along a side of the ECU that is opposite a side 

of the ECU at which the cover is located such that the at least being spaced from and not contacting the housing , 
wherein the support structure is constructed and arranged one fastener , the support structure and the adhesive limit the 

to limit outward deflection of the cover when internal cover from deflecting toward and away from the portion of 
pressure increases in the ECU , and the housing 

wherein the at least one fastener comprises a single 20 19 . An engine control unit ( ECU ) comprising : 
fastener . a housing , 

11 . The ECU of claim 10 , wherein the circuit board a cover sealingly engaged with the housing , 
includes at least one mounting bore there - through , and the a circuit board disposed in the housing , 
support structure includes at least one mounting portion a support structure disposed in the housing between the 
having a bore there - through , the at least one fastener extend - 25 cover and the circuit board so as to be generally 
ing through the bore of the support structure and through the adjacent to an inner surface of the cover , 
mounting bore of the circuit board in threaded engagement at least one fastener coupling both the support structure 
with the housing , the mounting bore of the circuit board , the and the circuit board to the housing , and 
bore of the mounting portion of the support structure and the an adhesive bonding at least one portion of the support 
at least one fastener are disposed in a generally central 30 structure to the inner surface of the cover , the adhesive 
portion of the housing and in a longitudinally central portion being spaced from and not contacting the housing , 
of the support structure . wherein the support structure is constructed and arranged 

12 . The ECU of claim 11 , wherein the support structure to limit outward deflection of the cover when internal 
comprises a first planar portion and a second planar portion , pressure increases in the ECU , 
the first and second planar portions being disposed adjacent 35 wherein the circuit board includes at least one mounting 
the cover , the mounting portion is disposed between the first bore there - through , and the support structure includes 
planar portion and the second planar portion , and an area of at least one mounting portion having a bore there 
the mounting portion surrounding the through - bore is at a through , the at least one fastener extending through the 
different elevation within the housing relative to an elevation bore of the support structure and through the mounting 
of the first and second planar portions . 40 bore of the circuit board in threaded engagement with 

13 . The ECU of claim 10 , wherein the at least one fastener the housing , the mounting bore of the circuit board , the 
is spaced from and does not contact the cover . bore of the mounting portion of the support structure 

14 . The ECU of claim and the at least one fastener are disposed in a generally 10 , wherein the support structure 
is metal . central portion of the housing and in a longitudinally 

15 . The ECU of claim 11 , wherein the at least one fastener 45 central portion of the support structure , and 
comprises only one fastener . wherein the at least one fastener comprises only one 

16 . The ECU of claim 10 , wherein the at least one portion fastener . 
of the support structure comprises at least one planar sur ? * 


