
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
67

4 
69

5
A

2
��&����������
�

(11) EP 1 674 695 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
28.06.2006 Bulletin 2006/26

(21) Application number: 06075076.7

(22) Date of filing: 05.03.2003

(51) Int Cl.: �
F02D 9/02 (2006.01) G01B 7/30 (2006.01)

H01R 3/00 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR
Designated Extension States: 
AL LT LV MK

(30) Priority: 06.03.2002 US 362032 P

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
03251307.9 / 1 342 896

(71) Applicant: Borgwarner, Inc. �
Auburn Hills MI 48326 (US)�

(72) Inventors:  
• Keefover, Robert

Farmington Hills, Michigan 48336 (US) �

• Halsig, Michael
Warren, Michigan 48302 (US) �

• Pringle, Hal
Bloomfield, Michigan 48302 (US) �

(74) Representative: Lerwill, John et al
A.A. Thornton & Co. 
235 High Holborn
London, WC1V 7LE (GB) �

Remarks: 
This application was filed on 12 - 01 - 2006 as a 
divisional application to the application mentioned 
under INID code 62.
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Description

FIELD OF THE INVENTION

�[0001] The present invention generally relates to elec-
tronic throttle control systems and more particularly to
electronic throttle control systems having non-�contacting
position sensors.

BACKGROUND OF THE INVENTION

�[0002] Traditional engine fuel control systems use a
mechanical linkage to connect the accelerator pedal to
the throttle valve. Engine idle speed is then controlled by
a mechanical system that manipulates the pedal position
according to engine load.
�[0003] Since the mid-�1970’s electronic throttle control
or "drive-�by- �wire" systems have been developed. Elec-
tronic throttle control systems replace the mechanical
linkage between the accelerator pedal and the throttle
valve with an electronic linkage. These types of systems
have become increasingly common on modern automo-
biles.
�[0004] Generally, at least one sensor is typically placed
at the base of the accelerator pedal and its position is
communicated to the engine controller. At the engine, a
throttle position sensor and an electronically controlled
motor then regulate the throttle to maintain a precise en-
gine speed through a feedback system between the throt-
tle position sensor and the electronically controlled mo-
tor. An example of an electronic throttle control system
can be found with reference to U.S. Patent No. 6,289,874
to Keefover, the entire specification of which is incorpo-
rated herein by reference.
�[0005] In conventional electronic throttle control sys-
tems, the various components of the throttle position sen-
sor stator and connector assembly are mounted to the
casting. The connector assembly is also connected to
the motor. Thus, the throttle position sensor stator and
the connector assembly move simultaneously during as-
sembly and thermal expansion, thus possibly allowing
one or both of them to become misaligned, which could
potentially affect performance of the electronic throttle
control system.

SUMMARY OF THE INVENTION

�[0006] In accordance with the general teachings of the
present invention, a new and improved electronic throttle
control system is provided.
�[0007] An electronic throttle control system having a
housing with a throttle bore. A throttle shaft connected
to a throttle plate is disposed within the throttle bore to
form the throttle member. A sensor assembly is operably
aligned with the throttle shaft for determining the angular
position of the throttle plate. A motor is operably associ-
ated with the throttle shaft for effecting the movement of
the throttle shaft in response to a control signal that is

inputted from an electrical connector which also distrib-
utes connections from the sensor assembly. A flexible
interconnect is connected between the sensor assembly
and the electrical connector and serves as a medium for
the transmission of signals between the sensor stator
and the motor.
�[0008] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred embodiment of the invention, are
intended for purposes of illustration only and are not in-
tended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0009] The present invention will become more fully
understood from the detailed description and the accom-
panying drawings, wherein:
�[0010] Fig. 1 is a cross- �sectional view of an electronic
throttle control system, in accordance with the general
teachings of the present invention; and
�[0011] Fig. 2 is a cross-�sectional side plan view taken
about section line X-�X of Fig. 1, however, this particular
view also depicts a pre-�molded casting that serves as
one method of alignment during assembly of the elec-
tronic throttle control system;
�[0012] Fig. 3 is a cross- �sectional plan view of the sen-
sor assembly taken about section line 3-3 on Fig. 1;
�[0013] Fig. 4 depicts a perspective view of the throttle
control system taken about section line X-�X in Fig. 1,
wherein this particular view depicts the use of an align-
ment tool that is used to align the sensor assembly during
assembly of the throttle control system;
�[0014] Fig. 4a is a cross-�sectional view taken about
section line 4a-�4a of Fig. 5;
�[0015] Fig. 4b is a cross-�sectional view of the sensor
assembly being aligned using the alignment tool;
�[0016] Fig. 5 depicts a perspective view taken about
section line X-�X of Fig. 1, however, this particular em-
bodiment incorporates the use of alignment holes that
are used as an alternate to the alignment slots; and
�[0017] Fig. 6 depicts a schematic view of the operation
of the throttle control system.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

�[0018] The following description of the preferred em-
bodiment�(s) is merely exemplary in nature and is in no
way intended to limit the invention, its application, or us-
es.
�[0019] Referring to Fig. 1 there is generally shown an
electronic throttle control system 10, in accordance with
the general teachings of the present invention.
�[0020] The system 10 generally includes a casting 12
that serves as a housing or support for the various com-
ponents of the system. Formed within the casting 12 is
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a throttle bore 14 having a throttle plate 15 rotatably dis-
posed inside the throttle bore 14. A throttle shaft 16 is
attached to and extends across the throttle plate 15. The
throttle shaft 16 rotates the throttle plate 15 between the
open and closed positions. The throttle shaft 16 is sup-
ported on both ends by a pair of bearings 18 to aid in the
rotation of the throttle plate 15 and throttle shaft 16. At
one end of the throttle shaft 16, a gear train 20 envelops
the throttle shaft for effecting movement of the throttle
shaft 16. Additionally, a spring system 22 is also provided
at one end of the throttle shaft 16 as part of a fail- �safe
system (not shown).
�[0021] At the extreme end of the throttle shaft 16, a
substantially U-�shaped sensor rotor 24 is fastened there-
to. Although the rotor 24 is shown as being substantially
U-�shaped, it should be appreciated that the rotor 24 may
be configured in any number of shapes, including but not
limited to a cylindrical or flat member. The rotor 24 is
preferably nested in close proximity to sensor stator 26
and together the two generally form a sensor assembly
27. Thus, it should be appreciated that the rotor 24 is
capable of rotating about the stator 26. Although the sta-
tor 26 is shown as being substantially U-�shaped, it should
be appreciated that the stator 26 may be configured in
any number of shapes, including but not limited to a flat
member.
�[0022] The axial position of the rotor 24 is preferably
maintained by controlling the axial position at which it is
attached to the throttle shaft 16; however, this position
can be fixed or adjustable.
�[0023] The stator 26 is fastened to a printed circuit
board 32, which is preferably fastened to the housing 12.
Axial position control is preferably maintained by attach-
ing the printed circuit board 32 to a controlled fixed sur-
face such as the casting 12. Tight radial position control
is preferably maintained between the rotor 24 and the
stator 26 through the assembly process or through di-
mensional control of the printed circuit board 32 and a
fixed surface such as the casting 12. This tight radial
positioning is preferably maintained by carrying out an
alignment method which may incorporate an alignment
means. One method of alignment involves the use of pre-
molded slots (depicted in Fig. 2) in the casting so each
of the individual components can be aligned by sliding
into the slots. A second method of alignment (depicted
in Figs. 4, 4a, 4b) uses an alignment tool to hold the stator
and printed circuit board in place. And yet a third method
of alignment (depicted in Fig 5.) use of tapered pins 50
that are inserted between the stator and rotor during at-
tachment of the printed circuit board to the casting. Each
of these alignment means will be described in greater
detail later in this description.
�[0024] The printed circuit board 32 and the stator 26
are preferably fastened in place by one or more fasteners
(not shown) that are inserted through one or more aper-
tures 34 formed on the surface of the casting 12 adjacent
to the printed circuit board 32.
�[0025] Fastened to the printed circuit board 32 is a pref-

erably flexible interconnect 36 that electrically connects
the printed circuit board 32 to a connector 38. The flexible
interconnect 36 reduces stress on the printed circuit
board 32 and allows the printed circuit board 32 to be
positioned separately from the connector 38. The con-
nector is preferably fastened to the casting 12. The con-
nector 38 is in turn electrically connected to a motor 40
which is preferably fastened to the casting 12. Several
types of motors may be within the scope of this invention.
For instance the motor may be a brush motor, a DC motor,
a brushless motor, a solenoid, pneumatic or a stepper
motor. Any type of actuator that can facilitate the rotation
of the shaft 16 may be implemented.
�[0026] Fig. 2 is a cross-�sectional side plan view taken
about section line X-�X of Fig. 1, however, this particular
view also depicts a pre-�molded casting that serves as
one method of alignment during assembly of the elec-
tronic throttle control system. As shown the electronic
throttle control system 10 has a casting or housing 12
which houses all of the individual components of the sys-
tem. The printed circuit board 32 and the electrical con-
nector 38 are each independently mountable to the cast-
ing 12. This is accomplished through the use of a flexible
interconnect which connects the printed circuit board 32
and the electrical connector 38. The flexible interconnect
allows signals to be communicated between the electrical
connector 38 and the sensor assembly 27 and is capable
of bending or flexing to accommodate for a range of var-
ying spatial distribution between the printed circuit board
32 and the electrical connector 38. One of the main ad-
vantages of this feature is that during assembly it is im-
portant to maintain proper air gap between the rotor and
the stator so that the sensor will function properly. The
flexible interconnect 36 allows the printed circuit board
32, which is fastened to the stator (not shown), to be
independently and perfectly aligned with the rotor and
the valve shaft, while still allowing for the electrical con-
nector 38 to be independently aligned and connected to
the casting. Not only does this feature provide an advan-
tage during assembly of the electronic throttle control
system 10 it also compensates for thermal expansion
among the various components of the system 10. For
example, thermal expansion can occur unevenly among
each of the components of the system 10. It is possible
for thermal expansion to occur in the printed circuit board
region 32 before it occurs at the electrical connector 38.
While actual movement caused by thermal expansion is
relatively small, it can cause misalignment or changes in
the air gap space between the stator and rotor thus af-
fecting the performance of the sensor assembly 27.
�[0027] As mentioned above, Fig. 2 illustrates one par-
ticular method of aligning the electrical connector 38 and
the printed circuit board 32. The casting 12 of this par-
ticular embodiment has pre- �molded alignment depres-
sions. The printed circuit board 32 and sensor assembly
27 can be aligned by placing the printed circuit board 32
within a board depression 33. Once the printed circuit
board 32 is aligned it can be fastened to the housing 12
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with fasteners 34. The electrical connector 38 can then
be aligned by placing the electrical connector 38 within
a connector depression 37. Once the electrical connector
38 is aligned it can then be fastened to the housing 12
with fasteners 39.
�[0028] Fig. 3 is a cross-�sectional plan view of the sen-
sor assembly 27 taken about section line 3-3 on Fig. 1.
The sensor assembly 27 consists of a sensor rotor 24, a
sensor stator 26, a magnet layer 28 and an air gap 30.
As shown the sensor stator 26 is disposed inside of a
nested region of the sensor rotor 24. Disposed on the
surface of the sensor rotor 24 is a magnet layer 28. The
sensor rotor 24 and sensor stator 26 are positioned so
they are not touching and there will be an air gap 30
between the surface of the sensor stator 26 and the mag-
net 28 layer on the surface of the sensor rotor 24. A sen-
sor assembly of this type is generally referred to as a
non-�contact sensor, such as a Hall Effect sensor. Exam-
ples of prior art Hall Effect sensors are known in the art
and can be found with reference to U.S. Patent No.
5,528,139 to Oudet et al., U.S. Patent No. 5,532,585 to
Oudet et al., and U.S. Patent No. 5,789,917 to Oudet et
al., the entire specifications of which are incorporated
herein by reference. However, it is possible for the sensor
assembly to incorporate other non-�contact or contact
sensors that require precise alignment of the sensor as-
sembly.
�[0029] Fig. 4 depicts a perspective view of the throttle
control system taken about section line X-�X in Fig. 1,
wherein this particular view depicts the use of an align-
ment tool 42 that is used to align the sensor assembly
27 during assembly of the throttle control system 10. As
can be seen, the printed circuit board 32 has a number
of slots 44 on its surface which defined the perimeter of
the sensor stator 26. The slots 44 allow the insertion of
an alignment tool 42 which is used to engage the printed
circuit board 32 and the sensor stator 26 so that the print-
ed circuit board 32 and the sensor stator 26 can be prop-
erly aligned in relation to the sensor rotor (not shown)
during assembly.
�[0030] After the sensor stator is properly aligned the
printed circuit board 32 can be fastened to the casting
12 with fasteners 34. Once the printed circuit board 32
is secure the alignment tool 42 can be disengaged since
the sensor stator 26 is not in proper alignment. After se-
curing the printed circuit board 32 and the sensor assem-
bly (not shown) the electrical connector 38 can be aligned
and fastened 39 to the casting 12. The flexible intercon-
nect 36 allows electrical connector 38 and the printed
circuit board 32 to be assembled independent of each
other so that the sensor stator 26 does not become mis-
aligned during completion of assembly.
�[0031] The alignment tool 42 in this embodiment has
six fingers 46 that align with the slots 44. The fingers 46
on the alignment tool 42 are flexible and are capable of
bending to grasp onto the sensor stator 26. Once the
printed circuit board 32 is fastened to the casting 12, the
alignment tool 42 can be easily removed by simply pulling

the alignment tool 42 away from the printed circuit board
32.
�[0032] Fig. 4a is a cross-�sectional view taken about
section line 4a-�4a of Fig. 5. The sensor stator 26 is con-
nected to the printed circuit board 32 and the alignment
tool 42 is used to position the sensor stator 26 in the
nested region of the rotor 24. Once the printed circuit
board 32 is fastened to the casting 12, alignment of the
sensor stator 26 and the sensor rotor 24 will be main-
tained and the alignment tool 42 may be removed.
�[0033] Fig. 4b is a cross-�sectional view of the sensor
assembly being aligned using the alignment tool. The
rotor alignment tool 42 can have various configurations.
The stator 26 can be positioned at the tip of the rotor
alignment tool 42 and can be temporarily engaged to the
tip of the rotor alignment tool 42 by pressing the stator
26 onto the tool. The tool 42 can then be used to align
the stator 26 and the rotor 24 so that a proper air gap 30
is achieved. The tips of the tool 42 help aid in forming
the proper air gap by holding the stator in place during
fastening.
�[0034] Fig. 5 depicts a perspective view taken about
section line X-�X of Fig. 1, however, this particular em-
bodiment incorporates the use of alignment holes 52 that
are used as an alternate to the alignment slots. During
assembly and alignment of the printed circuit board 32
and stator 26 with respect to the magnet 28 and rotor 24,
individual tapered pins 50 are inserted through the align-
ment holes 52 in a manner similar to the alignment tool
42 depicted in Fig. 5. The tapered pins 50 are used to
align the sensor stator 26 with respect to the magnets 28
of the rotor 24 so that a properly spaced air gap 30 is
created during assembly. Once the printed circuit board
32 is fastened to the casting 12 the tapered pins 50 are
then removed. In this particular embodiment of the in-
vention the pins 50 are tapered to prevent over- �insertion
and ease the insertion and retraction of the pins 50, how-
ever, it is possible to use pins 50 of virtually any type of
configuration.
�[0035] Once the printed circuit board 32 is fastened to
the casting the electrical connector 38 can also independ-
ently be aligned and fastened to the casting 12. Once
again the flexible interconnect 36 plays an important role
by allowing the electrical connector 38 and the printed
circuit board 32 to each be aligned and fastened to the
casting 12 independently of each other. This eliminates
the possibility of misalignments of the sensor assembly
27 when the electrical connector 38 is connected to the
casting. Additionally, as stated earlier the use of the flex-
ible interconnect 36 also prevents misalignment of the
sensor assembly 27 during thermal expansion which may
occur during normal operation of the throttle control sys-
tem 10.
�[0036] In operation, the present invention functions by
employing feedback between the various sensor sys-
tems (e.g., sensor rotor/�sensor stator) and the various
control assemblies (e.g., the motor) in order to properly
position the throttle plate so as to achieve optimal per-
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formance of the electronic throttle control system. The
present invention can be employed in any type of rotary
actuator employing a position sensor.
�[0037] Fig. 6 depicts a schematic view of the operation
of the throttle control system. The throttle control system
10 operates using an external electrical control unit
(ECU). The ECU is a logic circuit that receives a user
input signal 64 and a throttle position signal 62 and gen-
erates a control signal 66 to the motor via the electrical
connector.
�[0038] The electrical connector of the throttle control
system 10 also receives power 60 from a power source.
The power is distributed through the electrical connector
to the motor and the sensor stator via the flexible inter-
connect and sensor stator.
�[0039] The user input signal 64 is a value that indicates
the user’s desired throttle position. The user input signal
64 can be generated from a user input such as, an ac-
celerator pedal (not shown).
�[0040] The throttle position signal 62 is generated by
the sensor stator via the printed circuit board, the flexible
interconnect and the electrical connector. The throttle po-
sition signal 62 is a value that indicates the present an-
gular position of the throttle plate (not shown). In a pre-
ferred embodiment of the invention the throttle position
signal is an analog position signal. However, it is in the
scope of this invention to have a throttle position signal
that is digital.
�[0041] The ECU analyzes the values of the user input
signal 64 and the throttle position signal 62 to determine
if the throttle position signal 62 matches the user input
signal 64. If the two signal values do not match then the
ECU will generate a control signal 66 to the motor which
is inputed to the throttle control system 10 via the elec-
trical connector. The motor receives the control signal 66
and actuates the throttle body so that actual angular po-
sition of the throttle valve matches the desired angular
position of the user which will be confirmed by the ECU
when the throttle position signal 62 and the user input
signal 64 both match.
�[0042] The printed circuit board serves as a housing
for the sensor stator 26. In a preferred embodiment of
the invention, the sensor stator generates an analog to
position signal that travels through wiring (not shown) on
the printed circuit board. The position signal then exits
the printed circuit board through the flexible interconnect
and travels to the ECU via the electrical connector. The
printed circuit board preferably has no logic, however, it
may contain resistors, capacitors, and amplifiers neces-
sary for the position signal. However, it should be under-
stood that it is within the scope of this invention to incor-
porate a printed circuit board that has logic functions.
�[0043] In addition to carrying the position signal, the
flexible interconnect also supplies power from the elec-
trical connecter to the sensor stator via the printed circuit
board. In an embodiment where the printed circuit board
has Logic functions it should also be understood that the
flexible interconnect would also be capable of carrying a

user input signal to the motor. The flexible interconnect
can have many physical forms. For example, in the
present embodiment the flexible interconnect may be
bare metal wires, however, it is possible to use a ribbon
wire or plastic coated wires in embodiments where the
flexible interconnect will need to insulated.
�[0044] The preferred embodiment of the invention has
an external ECU. The ECU receives a position signal
from the sensor stator. This signal indicates the angular
position of the throttle plate. The ECU also receives a
user input signal that indicates the user’s desired angle
of the throttle plate. The ECU takes the values of the user
input signal and the position signal and generates a con-
trol signal based on the values. The control signal is sent
to the motor and causes the motor to rotate the gear train,
the throttle shaft and throttle plate (see Figs. 1-2) so the
throttle plate reaches the angle desired by the user.
�[0045] The description of the invention is merely ex-
emplary in nature and, thus, variations that do not depart
from the gist of the invention are intended to be within
the scope of the invention. Such variations are not to be
regarded as a departure from the spirit and scope of the
invention.

Claims

1. A control system (10) comprising:�

a housing (12);
a bore (14) formed within said housing (12);
a valve associated with said bore (14);
a sensor assembly (27) operably engaged with
said valve;
a connector (38) connected to said housing (12);
and
a flexible interconnect (36) connected between
said sensor assembly (27) and said connector
(38).

2. The control system (10) of claim 1 wherein said sen-
sor assembly (27) is a flat member.

3. The control system (10) of claim 1 wherein said sen-
sor assembly (27) is a non-�contact sensor.

4. The control system (10) of claim 1 wherein said sen-
sor assembly (27) is a contact sensor.

5. The control system (10) of claim 1 wherein said flex-
ible interconnect (36) is capable of bending or flexing
to accommodate for a range of varying spatial dis-
tribution between said sensor assembly (27) and
said connector (38).

6. The control system (10) of claim 5 wherein said flex-
ible interconnect (36) allows signals to be commu-
nicated between said connector (38) and said sensor
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assembly (27).

7. A control system (10) comprising:�

a housing (12);
a bore (14) formed within said housing (12);
an actuator connected to said bore (14);
a sensor assembly (27) operably engaged to
said actuator;
a connector (38) connected to said housing (12);
and
a flexible interconnect (36) connecting between
said sensor assembly (27) and said connector
(38).

8. The control system (10) of claim 7 wherein said sen-
sor assembly (27) is a flat member.

9. The control system (10) of claim 7 wherein said sen-
sor assembly (27) is a non-�contact sensor.

10. The control system (10) of claim 7 wherein said sen-
sor assembly (27) is a contact sensor.

11. The control system (10) of claim 7 wherein said flex-
ible interconnect (36) is capable of bending or flexing
to accommodate for a range of varying spatial dis-
tribution between said sensor assembly (27) and
said connector (38).

12. The control system (10) of claim 11 wherein said
flexible interconnect (36) allows signals to be com-
municated between said connector (38) and said
sensor assembly (27).

13. The control system (10) of claim 7 wherein said ac-
tuator is a throttle control valve actuator.

14. An electronic throttle control system (10) comprising:�

a housing (12);
a throttle bore (14) formed within said housing
(12);
a throttle plate (15) disposed within said throttle
bore (14);
a throttle shaft (16) operably connected to said
throttle plate (15);
a flat sensor assembly (27) aligned with said
throttle shaft (16);
a motor (40) operably associated with said throt-
tle shaft (16) for effecting the movement of said
throttle shaft (16), and
an electrical connector (38) having connections
with said sensor assembly (27) and said motor
(40).

15. The electronic throttle control system (10) of claim
14 wherein said flat sensor assembly (27) is a non-

contact sensor.

16. The electronic throttle control system (10) of claim
14 wherein said flat sensor assembly (27) is a contact
sensor assembly.

17. A control system (10) comprising:�

a housing (12);
a bore (14) formed within said housing (12);
a valve associated with said bore (14);
a non-�contact sensor assembly (27) operably
associated with said valve; and
a connector (38) connected to said housing (12).

18. The control system (10) of claim 17 wherein said
non-�contact sensor assembly (27) is a flat sensor
assembly.

19. The control system (10) of claim 17 wherein said
sensor assembly (27) is a contact sensor assembly.

20. A control system (10) comprising:�

a housing (12);
a bore (14) formed within said housing (12);
an actuator connected to said bore (14);
a non-�contact sensor assembly (27) operably
engaged with said actuator; and
a connector (38) connected to said housing (12).

21. The control system (10) of claim 20 wherein said
non-�contact sensor assembly (27) is a flat member.

22. The control system (10) of claim 20 wherein said
non-�contact sensor assembly (27) is a contact sen-
sor assembly.

23. The control system (10) of claim 22 wherein said
contact sensor assembly (27) is a flat member.

24. The control system (10) of claim 20 wherein said
actuator is a throttle control valve actuator.
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