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(54) SENSOR MODULE FOR MOUNTING IN A MOTOR

(57) The invention relates to a sensor module (1) for
mounting in a motor (2). The sensor module (1) compris-
es a holder (6) adapted to be mounted in a wet chamber
(8) of the motor (2) and a temperature sensor (7) adapted
to be mounted in a dry chamber (9) of the motor (2). A
rotational position sensor (14) is mounted on the holder
(6) and the temperature sensor (7) is spaced apart from
the holder (6), wherein the rotational position sensor (14)
and the temperature sensor (7) are connected via a plu-
rality of signal lines (13) to a connector interface (15)
adapted to be plugged into a corresponding connector.
The sensor module (1) further comprises a sealing ele-
ment (17) arranged between the rotational position sen-
sor (14) and the temperature sensor (7) and being seal-
ingly penetrated by signal lines (13) from one of the ro-
tational position sensor (14) and the temperature sensor
(7).
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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to a sensor module for
mounting in a motor.

SUMMARY OF THE INVENTION

[0002] Ideally, a motor, such as an electric motor,
should operate to its maximum designed life. Any defects
of the motor may lead to a shutdown. Therefore, sensors
are utilized for analysing and predicting the health of mo-
tors. However, motors should preferably be compact and
light, particularly motors which are mounted in vehicles
to reduce the amount of energy needed to move the ve-
hicle. The limited space in the motor, however, makes it
extremely difficult to install the sensors in the motor, as
the handling of the sensors within the motor chamber is
impaired.
[0003] Therefore, it is the object of the invention to fa-
cilitate the mounting of sensors in a motor.
[0004] The invention solves the above-mentioned
problem by providing a sensor module for mounting in a
motor, the sensor module comprising a holder adapted
to be mounted in a wet chamber of the motor and a tem-
perature sensor adapted to be mounted in a dry chamber
of the motor. A rotational position sensor is mounted on
the holder and the temperature sensor is spaced apart
from the holder, whereby the rotational position sensor
and the temperature sensor are connected via a plurality
of signal lines to a connector interface that is adapted to
be plugged into a corresponding connector. The sensor
module further comprises a sealing element arranged
between the rotational position sensor and the temper-
ature sensor, the sealing element being penetrated by
signal lines from one of the rotational position sensor and
the temperature sensor.
[0005] With the inventive solution, the sensor module
may partly be mounted in the wet chamber of the motor
and partly be installed in the dry chamber of the motor,
allowing a user to make the best out of the limited space
in the motor. The installation of the sensor module is no
longer limited to the wet chamber or the dry chamber,
increasing the space for the installation and thus man-
ageability of the sensor module within the motor. Further-
more, the rotational position sensor and the temperature
sensor are integrated in a single sensor module reducing
the error margin during installation. The user does not
have to procure the temperature sensor and rotational
position sensor separately and then integrate them dur-
ing the production line in the confined space of the motor
after mounting.
[0006] The invention can be further improved by the
following features, which are independent from one an-
other with respect to their respective technical effects
and which can be combined arbitrarily.
[0007] For example, according to a first embodiment,

the rotational position sensor may be a contactless sen-
sor such as a resolver. Unlike encoders, resolvers have
no electronic components such as circuit boards or the
like. Therefore, resolvers are robust against soiling, vi-
brations and work safely within a wide temperature
range, which makes them highly reliable. Especially in
motors the rotational position sensor is subjected to
harsh environments; using a resolver as rotational posi-
tion sensor may thus increase the reliability and life ex-
pectancy of the sensor.
[0008] The holder may particularly be disc-like having
an outer circumference and an inner circumference. The
rotational position sensor may be at least partially mount-
ed around the inner circumference of the disc-like holder.
If the rotational position sensor is a resolver, the stator
may be fixedly mounted around the inner circumference
of the disc-like holder. By providing a disk-like holder, the
sensor module or at least the holder and the rotational
position sensor may be particularly compact, further fa-
cilitating the mounting in the motor.
[0009] The rotational position sensor may protrude be-
yond two opposing face sides from the disk-like holder.
One face side may be directed towards the wet chamber
of the motor and the other face side may be directed
towards the dry chamber of the motor.
[0010] The sealing element may extend from the one
face side to the other face side of the holder forming a
sealed passage between the wet chamber and the dry
chamber when the sensor module is mounted in the mo-
tor. The sealing element may be arranged adjacent to
the holder. Alternatively, the sealing element may at least
partially encase a section of the holder or penetrate
through the holder.
[0011] Preferably, the connector interface is adapted
to be arranged in the dry chamber of the motor. There-
fore, the sealing element may be penetrated by the signal
lines of the rotational position sensor for sealingly leading
the signal lines of the rotational position sensor from the
wet chamber to the connector interface in the dry cham-
ber.
[0012] However, in the case that the connector inter-
face should be arranged in the wet chamber of the motor,
the sealing element may be penetrated by the signal lines
of the temperature sensor sealingly leading the signal
lines of the temperature sensor from the dry chamber to
the connector interface in the wet chamber.
[0013] At least one of the two face sides of the holder
may be adapted to be arranged and/or face the wet cham-
ber of the motor. The terminals of the rotational position
sensor may be arranged on said face side and may be
potted for sealing the connection between the terminals
of the rotational position sensor and the signal lines.
[0014] The rotational position sensor may comprise a
sealing cover at least on the side adapted to face the wet
chamber. The sealing cover may be potted to the rota-
tional position sensor and may include the potting of the
rotational position sensor’s terminals. The sealing cover
may extend around an edge of the holder, leading the
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signal lines connected to the terminals to a further sealing
element sealingly receiving said signal lines. Thus, the
sealing element may be formed by two sealing elements,
the sealing cover and the sealing element each arranged
at opposite face sides of the holder.
[0015] The sealing element may be a potted sleeve,
particularly a rubber sleeve, which is penetrated by the
signal lines of one of the rotational position sensor or the
temperature sensor. The sealing element may further
comprise a flange extending radially from a body of the
sealing element. The flange may engage a frame of a
passage formed between the wet chamber and the dry
chamber of the motor, therefore securing the position of
the sealing element within the chamber and sealing the
passage.
[0016] The potting of the sealing element may offer a
securing function in addition to the sealing function. The
signal lines penetrating the sealing element may be kept
in place by the potting. Consequently, relative movement
of the signal lines and the sealing element can be pre-
vented, which may cause a disconnection of the signal
lines with their corresponding terminals.
[0017] According to a further advantageous embodi-
ment, the sensor module may further comprise a holding
bracket for holding the temperature sensor. The holding
bracket may further comprise a connector holder for re-
movably fixing the connector interface to the connector
holder. Therefore, the connector interface can be se-
cured on the connector holder during installation, reduc-
ing the risk of strain and/or tear of the signal lines during
the installation.
[0018] The connector interface may be fixed to the con-
nector holder in a testing position, for example for end of
line testing. The user can easily connect the testing
equipment to the connector interface after mounting the
sensor module, irrespective of the position of the com-
plementary connector for the application. Preferably, the
connector interface may be fixed to the connector holder
from a manufacturing side and after mounting and testing
the sensor module in the motor the user may detach the
connector holder from the connector holder and move it
to a desired position.
[0019] The rotational position sensor and the temper-
ature sensor may particularly be connected to the same
connector interface via the plurality of signal lines. Con-
sequently, the rotational position sensor and temperature
sensor may be tested simultaneously and only one com-
plementary connector is necessary in the application, fur-
ther reducing the amount of different components in the
motor.
[0020] At least in the testing position the plurality of
signal lines connecting the rotational position sensor and
temperature sensor to the connector interface may be at
least partially wound around the holding bracket. Thus,
the signal lines are neatly arranged in the sensor module
and do not interfere during mounting.
[0021] The holding bracket may comprise a pillar with
a free end on which the connector holder is arranged.

The signal lines may be at least partially wound around
the pillar at least in the testing position. For positioning
the plurality of signal lines around the holding bracket,
the holding bracket may comprise a positioning rib pro-
truding from an outer surface of the holding bracket, par-
ticularly the pillar.
[0022] The connector interface may be detached from
the connector holder, particularly the holding bracket, in
an application position, in which the connector interface
is mated with a complementary connector arranged in
the motor. Preferably the connector interface may be
mounted in a connector holder, which is spaced apart
from the holding bracket in the application position.
[0023] When the connector interface is detached from
the connector holder, the wound portion of the signal lines
may be at least partially unwound, increasing the leeway
for positioning the connector interface. This may further
facilitate the mounting of the sensor module. Additionally,
the added leeway results in the sensor module being
applicable for various motors having different structures
and/or different predetermined positions for the comple-
mentary connector.
[0024] The holding bracket may comprise a through-
hole, whereby the temperature sensor extends through
the through-hole. The through-hole may extend essen-
tially parallel to a longitudinal axis and the temperature
sensor may comprise a sensor body extending essen-
tially parallel to the longitudinal axis. The holding bracket
may be adapted to guide the temperature sensor along
the through-hole, facilitating the insertion of the temper-
ature sensor into a predetermined sensing position in the
motor.
[0025] The temperature sensor or at least a tip carrying
the sensing elements of the temperature sensor may be
adapted to be inserted into a hole, particularly a blind
hole, which may be formed in coil windings of the motor.
The temperature sensor is encircled by the coil windings
improving the sensing accuracy of the temperature sen-
sor.
[0026] The temperature sensor or at least the tip may
preferably be rotationally symmetrical, so that the inser-
tion of the temperature sensor or at least the tip into the
hole, particularly the blind hole may be facilitated. The
relative rotational position of the temperature sensor and
the hole is consequently irrelevant for the insertion of the
temperature sensor into the hole, particularly the blind
hole.
[0027] However, if an arrangement of the temperature
sensor in a predetermined rotational position relative to
the hole, particularly the blind hole, is desired, the tem-
perature sensor and/or the hole, particularly the blind
hole, may comprise at least one coding feature. The tem-
perature sensor may for example comprise a rotationally
asymmetrical shape complementary to the hole, partic-
ularly the blind hole.
[0028] The temperature sensor may preferably be a
negative temperature coefficient thermistor sensor, also
referred to as NTC-sensor. Such sensors are character-
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ized by their quick response time and high accuracy.
[0029] The temperature sensor, in particular the tip of
the temperature sensor comprising the sensing element,
may be encapsulated for example in an epoxy resin. The
encapsulation may protect the sensing elements from
the surrounding environment and prevent damage due
to shock and/or vibrations. Preferably, at least the tip of
the temperature sensor may be encapsulated in a fluor-
opolymer such as polytetrafluoroethylene (PTFA) and
perfluoroalkoxy polymer (PFA). Fluoropolymers com-
prise a high resistance to solvents, acids and bases.
Hence, encapsulating at least the tip of the temperature
sensor in a fluoropolymer may increase the life cycle of
the temperature sensor, particularly in harsh environ-
ments.
[0030] Depending on the application requirements, the
shape of the temperature sensor may be adapted corre-
spondingly. Preferably, the tip comprising the sensing
element and the remainder of the sensor body may have
a cross section in a plane perpendicular to the longitudi-
nal axis which are different from one another in at least
one of shape and size. The tip may for example have a
circular cross section and the remainder of the sensor
body may have a rectangular cross section, wherein the
wider side is about as wide as the diameter of the tip’s
cross section. This may clearly distinguish the tip, which
can be inserted into the hole, particularly the blind hole,
of the motor’s windings, and the remainder of the sensor
body.
[0031] To limit the insertion depth of the temperature
sensor into the hole, particularly the blind hole, of the
motor’s windings, the temperature sensor may comprise
a limit stop projecting radially from the sensor body. The
limit stop may prevent the tip of the temperature sensor
from being inserted too deep into the windings and abut-
ting an end of the hole potentially damaging the tip.
[0032] The temperature sensor may be adapted to
move relative to the holding bracket, adjusting the im-
mersion depth of the temperature sensor in the hole, par-
ticularly the blind hole, of the motor’s windings further
increasing the flexibility and tolerance compensation dur-
ing installation.
[0033] The holding bracket may be formed as a mon-
olithic component, for example by an injection moulding
process. The holding bracket may comprise a centre
stem extending essentially parallel to the longitudinal ax-
is. Further functional parts can project from the circum-
ference of the centre stem. For example, the pillar com-
prising the connector holder may project from the circum-
ference of the centre stem and may extend essentially
parallel to the longitudinal axis beyond the centre stem.
Furthermore, a second pillar may project from another
side of the circumference and extend essentially parallel
to the longitudinal axis beyond the centre stem. The sec-
ond pillar may feature the through-hole for receiving the
temperature sensor. Consequently, the holding features
for holding the connector interface and the temperature
sensor are locally separated, reducing the risk of entan-

glement of the signal lines.
[0034] According to a further advantageous aspect, a
mounting projection may project from the centre stem,
the mounting projection being adapted to receive a bush,
particularly a ring shaped bush, which can engage a com-
plementary formed mounting feature of the motor, there-
fore fixing the holding bracket in the motor.
[0035] In a further advantageous embodiment, a posi-
tion assurance member may be provided. The position
assurance member may be adapted to be secured in at
least two positions on the holding bracket, wherein in a
first position of the at least two position between the tem-
perature sensor and the holding bracket is movable and
in the second position of the at least two positions the
relative position between the temperature sensor and the
holding bracket is fixed. Therefore, in the first position
the temperature sensor may be mobile to enable height
adjustment in the application. In the second position the
temperature sensor is fixed at the desired height and is
secured against movement due to vibrations and/or
shock.
[0036] The temperature sensor may be fixed in the
through-hole by an interference fit. At least one locking
prong may be provided which at least in the second po-
sition of the at least two positions is pressed against the
outer contour of the temperature sensor. Preferably, mul-
tiple locking prongs arranged around a circumference
may be provided, wherein in the second position of the
at least two positions each locking prong is pressed
against the temperature sensor. Thus, the locking prongs
hold the temperature sensor in an interference fashion
around the circumference of the temperature sensor.
[0037] The at least one locking prong may be formed
in the through-hole and is elastically deflected by the po-
sition assurance member in the second position of the
at least two positions. More preferably, however, the at
least one locking prong may form a monolithic compo-
nent with the position assurance member, wherein the
at least one locking prong is deflected towards the tem-
perature sensor in the second position of the at least two
positions.
[0038] The position assurance member may be adapt-
ed to guide a movement of the temperature sensor, par-
ticularly a movement essentially parallel to the longitudi-
nal axis. The at least one locking prong may abut a radial
overhang of the sensor body parallel to the longitudinal
axis. The at least one locking prong presses against said
overhang while moving from the first position of the at
least two position parallel to the longitudinal axis to the
second position of the at least two positions. Conse-
quently, the temperature sensor is moved parallel with
the position assurance member due to the motion-trans-
mitting coupling in at least one direction. The temperature
sensor can thus be guided by the position assurance
member into the hole of the motor’s windings.
[0039] A locking assembly may be provided for locking
the position assurance member in at least one of the at
least two positions, preferably at least the second posi-
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tion of the at least two positions. The locking assembly
may for example be formed by latches, which engage
one another in a positive fit. This may prevent the position
assurance member from moving positions due to stress,
such as vibrations. Consequently, the securement of the
temperature sensor by the position assurance member
is further improved.
[0040] The position assurance member may be se-
cured in more than two positions. For example, the po-
sition assurance member may comprise multiple teeth
protruding from an outer surface of the position assur-
ance member. Each tooth may correspond to one posi-
tion of the at least two positions, particularly more than
two positions. The position assurance member may be
actuated by moving the position assurance member from
one position to a subsequent position. In each subse-
quent position the pressing force with which the temper-
ature sensor is held by an interference fit may be in-
creased.
[0041] A motor for a vehicle, in particular an electric
motor, comprising a wet chamber, a dry chamber and a
passage connecting the wet chamber and the dry cham-
ber may be provided, whereby a sensor module accord-
ing to any one of the preceding embodiments may be
mounted in said motor, the holder being mounted in the
wet chamber and the temperature sensor being mounted
in the dry chamber, wherein the sealing element is seal-
ingly fixed in the passage.
[0042] The connector interface may be arranged in the
dry chamber, wherein the signal lines from the rotational
position sensor, which is fixed to the holder in the wet
chamber, penetrate the sealing element to be sealingly
guided through the passage to the dry chamber and con-
nected to the connector interface.
[0043] In the figures, the same reference numerals are
used for elements, which correspond to one another in
terms of their function and/or structure.
[0044] According to the description of the various as-
pects and embodiments, elements shown in the drawings
can be omitted if the technical effects of those elements
are not needed for a particular application, and vice ver-
sa: i.e. elements that are not shown or described with
reference to the figures but are described above can be
added if the technical effect of those particular elements
is advantageous in a specific application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The invention will now be described by way of
example with reference to the accompanying drawings
in which:

Fig. 1 shows a schematic perspective view of an ex-
emplary embodiment of the sensor module ac-
cording to the invention

Fig. 2 shows a schematic perspective view of the ex-
emplary embodiment of the sensor module ac-

cording to the invention mounted in a motor;

Fig. 3 shows a schematic perspective view of an ex-
emplary embodiment of a holder and rotation-
al position sensor of a sensor module accord-
ing to the invention;

Fig. 4 shows a further schematic perspective view
of the rotational position sensor and the hold-
er;

Fig. 5 shows a schematic perspective view of a hold-
ing bracket of the exemplary embodiment of
the sensor module according to the invention;

Fig. 6 shows a schematic cut view of a first exem-
plary embodiment of a position assurance
member in the first position;

Fig. 7 shows a schematic cut view of the first exem-
plary embodiment of the position assurance
member in the second position;

Fig. 8 shows a schematic cut view of a second ex-
emplary embodiment of a position assurance
member in the first position;

Fig. 9 shows a schematic cut view of the second ex-
emplary embodiment of the position assur-
ance member in the second position;

Fig. 10 shows a schematic cut view of third exemplary
embodiment of a position assurance member
in the first position;

Fig. 11 shows a schematic cut view of the third exem-
plary embodiment of the position assurance
member in the second position;

Fig. 12 shows a schematic cut view of a fourth exem-
plary embodiment of a position assurance
member in the first position;

Fig. 13 shows a schematic cut view of the fourth ex-
emplary embodiment of the position assur-
ance member in the second position.

DETAILED DESCRIPTION OF THE INVENTION

[0046] First, an exemplary embodiment of an inventive
sensor module 1 is explained in more detail with refer-
ence to Fig. 1 and Fig. 2.
[0047] Fig. 1 shows the sensor element 1 in a sche-
matic perspective view and in Fig. 2 the sensor module
1 is shown mounted in a motor 2, particularly an electric
motor 4.
[0048] The sensor module 1 comprises a holder 6
adapted to be mounted in a wet chamber 8 of the motor
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2 and a temperature sensor 7 adapted to be mounted in
a dry chamber 9 of the motor 2. A rotational position sen-
sor 14 mounted on the holder 6 and the temperature sen-
sor 7 is spaced apart from the holder 6. The rotational
position sensor 14 and the temperature sensor 7 are con-
nected via a plurality of signal lines 13 to a connector
interface 15, particularly a common connector interface
15. The connector interface 15 is adapted to be connect-
ed to a corresponding connector. Furthermore, a sealing
element 17 is provided between the temperature sensor
7 and the rotational position sensor 14, which is sealingly
penetrated by the signal lines 13 from one of the rotational
position sensor 14 and the temperature sensor 7.
[0049] In this case the connector interface 15 is ar-
ranged in the dry chamber 9 of the motor 2, therefore the
sealing element 17 is penetrated by the signal lines 13
from the rotational position sensor 14. The sealing ele-
ment 17 may be sealingly fixed in a passage 19 of the
motor 2 connecting the wet chamber 8 and the dry cham-
ber 9. Therefore, two sensors may be integrated in a
single sensor module 1, whereby one sensor may be
mounted in the wet chamber 8 and the other sensor may
be mounted in the dry chamber 9 of the motor 2. Conse-
quently, the space for mounting the sensor module 1 with-
in the motor 2 is increased, allowing an improved man-
ageability and therefore easier installation of the sensor
module 1 in the motor 2.
[0050] The holder 6, which is now elucidated with ref-
erence to Figs. 3 and 4, comprises a disc-like shape,
more particularly a ring-like shape, having an inner cir-
cumference 10 and an outer circumference 12. Around
the inner circumference 10 a rotational position sensor
14 is mounted facing radially inwards.
[0051] The rotational position sensor 14 may be a re-
solver 16, wherein a stator 18 of the resolver 16 is mount-
ed around the inner circumference of the holder 6. The
resolver 16 may also comprise a rotor 20, which can be
attached to the shaft of the motor 2, whereby the angle
is detected by means of an electrical signal generated
due to a change in the reactance of the rotating rotor 20
and fixed stator 18. Therefore, the speed of the motor,
particularly the rotating speed of the shaft, can be meas-
ured and subsequently controlled by sending a signal to
the motor.
[0052] For securing the holder 6 within the motor 2, the
holder 6 is provided with multiple mounting holes 22,
which extend from one face side 24 to an opposing face
side 26. Therefore, the holder may be fixed with for ex-
ample bolts in the motor securing the holder 6 and con-
sequently the rotational position sensor 14 against move-
ment due to shock or vibrations.
[0053] For a space saving assembly, the holder 6 may
comprise a notch 28 along a circumferential section, in
which terminals 30 of the rotational position sensor 14,
in this case the terminals of the stator 18, may be ar-
ranged. The terminals 30 may be connected to signal
lines 13, which are connected to the connector interface
15.

[0054] In Fig. 3 a face side 24 of the holder 6 is shown.
In a mounted state, in which the holder 6 is mounted in
the motor 2, said face side 24 faces the wet chamber 8.
The rotational position sensor 14 further comprises at
least one stabilisation rib 32 protruding from an outer
edge of the rotational position sensor 14 into the notch
28. Preferably, a stabilisation rib 32 is provided at either
side of the terminals 30. In the wet chamber 9 the rota-
tional position sensor 14 may come into contact with flu-
ids such as oil. To further protect the rotational position
sensor, a sealing cover 34 may be provided on the face
side 24 of the rotational position sensor 14. The sealing
cover 34 may preferably be potted to the rotational posi-
tion sensor 14 to prevent loosening of the sealing cover
34 due to stress such as shock or vibrations. The sealing
cover 34 may preferably embed the terminals 30 and
thus protrude into the notch 28. The stabilisation ribs 32
may also be embedded in the potting, whereby the sta-
bilisation ribs 32 further stabilise the potting in the notch
28. The signal lines 13 of the rotational position sensor
14, which may protrude from the sealing cover 34 on the
opposite face side 26, penetrate the sealing element 17,
which may be arranged at the opposite face side 26. The
sealing element 17 may even abut the opposite face side
26 and/or the sealing cover 34, forming a closed sealed
path for the signal lines 13 between the sealing cover 34
and the sealing element 17. However, depending on the
structure of the motor 26, the sealing element 17 may
also be distant from the opposite face side 26 of the holder
6.
[0055] The sealing element 17 in this exemplary em-
bodiment is formed as a rubber sleeve comprising a
flange portion 36 which radially protrudes from the re-
mainder of the sealing element’s body. The flange portion
36 may abut a frame of the passage 19 in the motor 2
securing the sealing element 17 from slipping through
the passage 19. The remainder of the sealing element’s
body may be adapted to extend through the passage 19,
sealing said passage between the wet chamber 8 and
the dry chamber 9.
[0056] The temperature sensor 7 may be held by a
holding bracket 38, which is discussed in more detail in
reference to Fig. 5.
[0057] The holding bracket 38 may preferably be
formed as a monolithic component 40, for example as
an injection moulded component. The holding bracket 38
may comprise a connector holder 42 for removably re-
ceiving the connector interface 15. The connector holder
38 may comprise holding arms 44 facing each other, each
holding arm 44 having a guiding notch 46 in which a guid-
ing rail or protrusion of the connector interface 15 can be
inserted, fixing the interface to the holding bracket 38. Of
course, other means for removably fixing the connector
interface 15 to the holding bracket 38 may be envisioned,
such as the connector holder 42 having a locking latch,
which may engage a locking projection of the connector
interface 15.
[0058] The connector interface 15 may be fixed to the
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holding bracket 38 in a testing position 46, which is shown
in Fig. 1 and 2. In the testing position 46 the connector
interface 15 may easily be connected to testing equip-
ment for end of line testing. The sensor module 1 may
preferably be provided in the testing position 48 before
mounting, allowing an easier installation of the sensor
module 1 as the connector interface 15 is secured on the
holding bracket 38 and does not get in the way while
handling the sensor module 1. The user can concentrate
on holding and positioning the remaining parts of the sen-
sor module 1 without any unnecessary consideration of
the connector interface 15.
[0059] In a second position, particularly an application
position 48, in which the connector interface may be con-
nected to a complementary connector for the application
purposes, the connector interface may be detached from
the holding bracket 38, particularly the connector holder
38. The connector interface 15 being in the application
position 48 is schematically displayed in Fig. 2 with
dashed lines.
[0060] The holding bracket 38 may comprise a centre
stem 50 extending essentially parallel to a longitudinal
axis L. Further functional parts can project from the cir-
cumference of the centre stem 50. For example, a pillar
52 with a free end 54, on which the connector holder 42
may be formed, may project from the circumference of
the centre stem 50 and may extend essentially parallel
to the longitudinal axis L beyond the centre stem 50. Fur-
thermore, a further pillar 56 may project from another
side of the circumference and extend essentially parallel
to the longitudinal axis L beyond the centre stem 50. The
further pillar 56 may feature a through-hole 57 for receiv-
ing the temperature sensor 7. Consequently, the holding
features for holding the connector interface 15 and the
temperature sensor 7 are locally separated, reducing the
risk of entanglement of the signal lines 13.
[0061] According to a further advantageous aspect, a
mounting projection 58 may project from the centre stem
50, the mounting projection 58 being adapted to receive
a bush 60, particularly a ring shaped bush, which can
engage a complementary formed mounting feature of the
motor 2, therefore fixing the holding bracket 38 in the
motor 2.
[0062] At least in the testing position 46 the signal lines
13 may be at least partially wound around the pillar 52
to neatly arrange the signal lines 13 during installation.
Consequently, the signal lines 13 do not interfere by get-
ting in the way, getting stuck and/or getting entangled.
For guiding the signal lines 13 around the pillar 52 and
preventing shifting of the signal lines 13 along the pillar
52, the pillar 52 may be provided with a protruding rib 62
protruding from an outer surface of the pillar 52.
[0063] As can be seen in Fig. 2, the signal lines 13 may
be unwound from the pillar 52 in the application position
48. The unwinding of the signal lines 13 provides an in-
creased leeway in positioning the connector interface 15.
Consequently, the sensor module 1 may be applicable
for various motors being different from one another in at

least one of size and structure.
[0064] The temperature sensor 7 may be pin shaped
comprising a body extending parallel to the longitudinal
axis L through the through-hole 57 of the holding bracket
38, particularly the further pillar 56 of the holding bracket
38. The temperature sensor 7 may be inserted in the
through-hole 57 through a closing mouth 64 formed by
circumferentially arranged, elastically deflectable latches
66, which press against the sensor body, stabilising the
temperature sensor 7 in the holding bracket 38. The rel-
ative position between the temperature sensor 7 and the
holding bracket 38 essentially parallel to the longitudinal
axis L may be adjusted, allowing for a tolerance compen-
sation. The temperature sensor 7 may be adapted to be
inserted into a hole 68, particularly a blind hole 70 of the
motor’s winding 72, as is depicted in Fig. 2. Particularly,
a tip 74 of the temperature sensor 7 may be adapted to
be inserted into the hole 68, particularly the blind hole 70.
[0065] At least the tip 74 may comprise a cross-section
in a plane essentially perpendicular to the longitudinal
axis L, which is corresponding to the cross-section of the
hole 68 in the motor’s winding 72. Preferably, the cross-
section may be rotationally symmetrical, for example cir-
cular, so that the insertion of the temperature sensor 7
into the hole 68 is possible regardless of the temperature
sensor’s relative rotational positon to the hole 68.
[0066] The tip 74 may comprise a different cross-sec-
tion than the remainder of the temperature sensor’s body.
For example, the tip 74 may comprise a circular cross-
section while the remainder of the sensor’s body may
comprise a quadrangular cross-section, particularly a
rectangular cross-section. The width of the wider side of
the quadrangular cross-section and the diameter of the
circular cross-section may be essentially equal.
[0067] The temperature sensor 7 may preferably be a
negative temperature coefficient sensor, wherein at least
the tip is encapsulated. The encapsulation may comprise
a resin, such as an epoxy resin. Epoxy resins have a high
thermal conductivity, which allows the sensor elements
encapsulated in the epoxy resin to sense the temperature
without high losses. Preferably, the encapsulation may
be formed by a fluoropolymer such as PTFE and PFE,
which may prolong the life cycle of the temperature sen-
sor 7 in harsh environments due to its good resistance
to solvents, acids and bases. Furthermore, the high ther-
mal conductivity and thermal diffusivity of fluoropolymers
allows for a fast transfer of the heat to the tip of the tem-
perature sensor 7 without high losses.
[0068] The temperature sensor 7 may further at least
partially be sleeved by a heat shrink sleeve, further pro-
tecting the temperature sensor 7. Particularly, the part of
the temperature sensor 7 arranged in the holding bracket
38 may be sleeved by the heat shrink sleeve.
[0069] At the end opposing the tip 74, the temperature
sensor 7 may be connected to signal lines 13, which con-
nect the sensing elements of the temperature sensor 7
to the connector interface 15.
[0070] A position assurance member 76 may be pro-
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vided, which may be securable in at least two positions
on the holding bracket 38. In the first position of the at
least two positions, the position of the temperature sen-
sor 7, particularly at least one of the rotational position
and position essentially parallel to the longitudinal axis
L, relative to the holding bracket 38 may be movable. In
the second position of the at least two positions, the po-
sition of the temperature sensor 7, particularly at least
one of the rotational position and position essentially par-
allel to the longitudinal axis L, relative to the holding
bracket 38 may be fixed. Therefore, the position of the
temperature sensor 7 may be adjusted in the first position
of the at least two positions and subsequently secured
in the second position of the at least two positions.
[0071] The interaction of the position assurance mem-
ber 76 and the temperature sensor 7 is further elucidated
with reference to Figs. 6 to 13.
[0072] A first exemplary embodiment of the position
assurance member 76 is shown in Figs. 6 and 7. In Fig.
6 the position assurance member 76 is shown in the first
position 78 of the at least two positions and in Fig. 7 the
position assurance member 76 is shown in the second
position of the at least two positions 80.
[0073] In the first embodiment, the position assurance
member 76 comprises at least one locking prong 82 nes-
tling to the outer circumference of the temperature sensor
7. Consequently, the temperature sensor 7 is held by the
locking prongs 82. A plurality of locking prongs may be
arranged around the circumference of the temperature
sensor 7. The locking prongs 82 extend into the through-
hole 57 forming an opening 84, which is essentially con-
centric to the through-hole 57. The at least one locking
prong 82 comprises circumferentially extending flaps for
neatly nestling to the outer contour of the temperature
sensor. In the first position, the at least one locking prong
82 press only lightly against the outer contour of the tem-
perature sensor 7, so that the position of the temperature
sensor 7 may be adjusted relative to the position assur-
ance member 76 and the holding bracket 38.
[0074] In order to limit the movement of the tempera-
ture sensor 7 and further fool proofing the sensor module
1, the temperature sensor 7 may comprise a limit stop
86 protruding radially from the temperature sensor’s
body. The limit stop 86 may be adapted to abut the frame
of the hole 68 in the motor’s winding. Therefore, the tem-
perature sensor 7 is stopped from a too deep insertion
into the hole 68, preventing the tip 74 to hit the bottom
of the hole and potentially be damaged. The heat shrink
sleeve sleeved at least partially around the temperature
sensor 7 may form the limit stop 86.
[0075] The limit stop 86 may also provide an abutment
surface at an opposite end distanced from the tempera-
ture sensor’s tip 74. The at least one locking prong 82
may abut the abutment surface in the first position 78 of
the at least two positions and push the temperature sen-
sor along when moving the position assurance member
76 from the first position 78 to the second position 80.
Therefore, a minimal depth in which the temperature sen-

sor 7 is inserted into the hole 68 may be respected. Fur-
thermore, the temperature sensor 7 may be guided by
the position assurance member into the hole 68.
[0076] In the second position shown in Fig. 7, the po-
sition assurance member 76 may be fully inserted into
the through-hole 57, whereby a front end of the position
assurance member 76 engages an undercut 90 of the
holding bracket 38 locking the position assurance mem-
ber 76 in the second position 80. The at least one locking
prong 82 is inserted into a slot 91 between the temper-
ature sensor 7 and a rigid pressing protrusion 92 formed
in the through-hole 57. The pressing protrusion 92 may
prevent loosening of the pressing force with which the at
least one locking prong 82 is pressed against the tem-
perature sensor. The slot 91 may be dimensioned such
that the inserted locking prong 82 is clamped between
the pressing protrusion 92 and the temperature sensor
7 and therefore increasing the pressing force of the at
least one locking prong 82 to the temperature sensor 7
so that the temperature sensor 7 is secured in the holding
bracket 38 by an interference fit.
[0077] In the second exemplary embodiment (see
Figs. 8 and 9), the position assurance member 76 may
be arranged on the side of the through-hole 57 directed
towards the tip 74 of the temperature sensor 7. The po-
sition assurance member 76 is sleeved around the further
pillar 56 comprising the through-hole 57, whereby the
position assurance member 76 tapers towards the tip 74
and is subsequently sleeved around the temperature
sensor 7. The tapering of the position assurance member
76 forms a pocket 94 in the interior of the position assur-
ance member 76, wherein in the second position 80 of
the at least two positions the at least one locking prong
82, which is formed integrally in the through-hole 57 of
the holding bracket 38, is received in said pocket 94. The
locking prong 82 is thus pressed against the temperature
sensor 7 fixing it by an interference fit.
[0078] A front end 96 of the position assurance mem-
ber 76 may be adapted to abut a top surface of the motor’s
winding 72, so that upon further insertion of the temper-
ature sensor 7 into the hole 68 the position assurance
member 76 is pushed upward, away from the tip 74 of
the temperature sensor 7, into the second position 80 of
the at least two positions, as shown in Fig. 9.
[0079] In Figs. 10 and 11 the at least one locking prong
82 abuts the limit stop 86 to simultaneously guide the
temperature sensor’s tip 74 into the hole 68 while moving
the position assurance member 76 from the first to the
second position. The position assurance member 76 fur-
ther comprises locking latches 98, which are engaged to
locking ribs 100 formed on an outer surface of the holding
bracket 38 in the first and second position, in a positive
fitting manner. Consequently, the position assurance
member 38 may be securely fixed in the first and second
position.
[0080] In a further embodiment shown in Figs. 12 and
13, the position assurance member 76 is arranged on
one side of the temperature sensor 7 opposing a tapering
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wall 102 of the holding bracket 38 reducing the width of
the through-hole 57. The position assurance member 76
comprises a locking prong 82 formed as a rib that nestles
against the outer contour of the temperature sensor 7
parallel to the longitudinal axis L. Furthermore, stabilising
clamps are provided, the clamps partly extending around
the circumference of the temperature sensor 7, so as to
hold the temperature sensor 7. On the side facing away
from the temperature sensor 7, the position assurance
member 76 comprises multiple protruding teeth 106,
which may engage a locking latch 98 in a positive fit block-
ing a movement of the position assurance member 76
relative to the holding bracket 38 away from the tip 74 of
the temperature sensor 7.
[0081] Each tooth 106 corresponds to a position, at
which the position assurance member 76 may be se-
cured. At the first position 78 the temperature sensor 7
may be moved, allowing for an adjustment of the tem-
perature sensor’s position. With each incrementing po-
sition, the distance between the locking prong 82 and the
tapering wall 102 decreases, leading to an increasing
pressing force of the locking prong 82 to the temperature
sensor 7. Consequently, the pressing force can be adapt-
ed depending on the application requirements.

REFERENCE NUMERALS

[0082]

1 sensor module
2 motor
4 electric motor
6 holder
7 temperature sensor
8 wet chamber
9 dry chamber
10 inner circumference
12 outer circumference
13 signal lines
14 rotational position sensor
15 connector interface
16 resolver
17 sealing element
18 stator
19 passage
20 rotor
22 mounting hole
24 face side
26 opposing face side
28 notch
30 terminal
32 stabilisation rib
34 sealing cover
36 flange portion
38 holding bracket
40 monolithic component
42 connector holder
44 holding arms

46 testing position
48 application position
50 centre stem
52 pillar
54 free end
56 further pillar
57 through-hole
58 mounting projection
60 bush
62 protruding rib
64 closing mouth
66 latch
68 hole
70 blind hole
72 motor’s winding
74 tip
76 position assurance member
78 first position
80 second position
82 locking prong
84 opening
86 limit stop
90 undercut
91 slot
92 pressing protrusion
94 pocket
96 front end
98 locking latches
100 locking rib
102 tapering wall
104 holding rib
106 tooth

L longitudinal axis

Claims

1. Sensor module (1) for mounting in a motor (2), the
sensor module (1) comprising a holder (6) adapted
to be mounted in a wet chamber (8) of the motor (2)
and a temperature sensor (7) adapted to be mounted
in a dry chamber (9) of the motor (2), a rotational
position sensor (14) being mounted on the holder (6)
and the temperature sensor (7) being spaced apart
from the holder (6), wherein the rotational position
sensor (14) and the temperature sensor (7) are con-
nected via a plurality of signal lines (13) to a connec-
tor interface (15) adapted to be plugged into a cor-
responding connector and wherein the sensor mod-
ule (1) further comprises a sealing element (17) ar-
ranged between the rotational position sensor (14)
and the temperature sensor (7) and being sealingly
penetrated by signal lines (13) from one of the rota-
tional position sensor (14) and the temperature sen-
sor (7).

2. Sensor module (1) according to claim 1, wherein the
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sealing element (17) extends from one face side (24)
to an opposing face side (26) of the holder (6).

3. Sensor module (1) according to claim 1, wherein the
rotational position sensor (14) comprises a sealing
cover (34), the sealing cover (34) closing the sealing
element (17) from at least one side.

4. Sensor module (1) according to claim 1, wherein the
sensor module (1) further comprises a holding brack-
et (38) for holding the temperature sensor (7) and
wherein the holding bracket (38) comprises a con-
nector holder (42) for removably fixing the connector
interface (15) to the holding bracket (38) in a testing
position (46).

5. Sensor module (1) according to claim 4, wherein at
least in the testing position (46) the plurality of signal
lines (13) connecting the rotational position sensor
(14) and/or the temperature sensor (7) to the con-
nector interface (15) are at least partially wound
around the holding bracket (38).

6. Sensor module (1) according to claim 4, wherein in
an application position (48) for connecting the con-
nector interface (15) to a complementary connector
for customer application, the connector interface
(15) is spaced apart from the holding bracket (38).

7. Sensor module (1) according to claim 4, wherein the
holding bracket (38) comprises a through-hole (57)
and the temperature sensor (7) extends through the
through-hole (57).

8. Sensor module (1) according to claim 1, wherein the
temperature sensor (7) comprises at least one limit
stop (86) projecting radially from the temperature
sensor’s (7) body for limiting the insertion depth of
the temperature sensor (7).

9. Sensor module (1) according to claim 1, wherein at
least a tip (74) of the temperature sensor (7) com-
prises an essentially rotationally symmetrical cross-
section.

10. Sensor module (1) according to claim 9, wherein the
tip (74) of the temperature sensor (7) and the remain-
der of the temperature sensor (7) comprise cross-
sections, which are different from one another in at
least one of size and shape.

11. Sensor module (1) according to claim 10, wherein a
position assurance member (76) is adapted to be
secured in at least two positions on the holding brack-
et (48) and wherein in a first position (78) of the at
least two positions the relative position between the
temperature sensor (7) and the holding bracket (38)
is movable and in the second position (80) of the at

least two positions the relative position between the
temperature sensor (7) and the holding bracket (38)
is fixed.

12. Sensor module (1) according to claim 11, wherein
at least in the second position (80) of the at least two
positions at least one locking prong (82) is pressed
against the temperature sensor (7).

13. Sensor module (1) according to claim 12, wherein
the at least one locking prong (82) and the position
assurance member (76) are formed integrally with
one another as a monolithic component.

14. Sensor module (1) according to claim 12, wherein
the position assurance member (76) is adapted to
guide the temperature sensor (7) parallel to the
movement from the first position (78) of the at least
two positions to the other positions of the at least two
positions.

15. Motor (2) comprising a wet chamber (8), a dry cham-
ber (9) and a passage (19) connecting the wet cham-
ber (8) and the dry chamber (9), wherein a sensor
module (1) according to any one of claims 1 to 14 is
mounted in the motor (2), the rotational position sen-
sor (14) being mounted in the wet chamber (8) and
the temperature sensor (7) being mounted in the dry
chamber (9) and wherein the sealing element (17)
is sealingly fixed in the passage (19).
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