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(54) MOTOR DRIVING APPARATUS FOR ELECTRIC-POWERED POWER STEERING APPARATUS

(57) A motor drive device employed, for example, in
an electric power steering apparatus for vehicle,
achieves a reduction not only in size but also in vibration
and noise at the same time.

At least one of a motor drive control unit (30) and a
motor (10) is provided with at least two screw holes (53)
for fixation to a gear (speed reducer) of an electric power

steering apparatus. Let L1 be a maximum value of a dis-
tance between center points of the screw holes (53) and
L2 be a distance between an end face (D) of a stator iron
core (12) in an axial direction on a farther side from the
gear and an attachment surface (C) attached to a gear
side, then a value of L1 is equal to or greater than a value
of L2.
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Description

Technical Field

[0001] The present invention relates to a motor drive
device employed in an electric power steering apparatus
for vehicle, and more particularly, to a motor drive device
of an integral type combining a motor drive control unit.

Background Art

[0002] There is a column electric power steering ap-
paratus described, for example, in PTL 1. Further, for the
electric power steering apparatus, there is proposed an
integral-type structure in which a motor and a motor drive
control unit are combined into one piece (PTL 1, PTL 2,
and PTL 3).
[0003] The device can be smaller when adopting the
integral-type structure in which a motor and a motor drive
control unit are combined into one piece.

Citation List

Patent Literature

[0004]

PTL 1: JP-A-11-11329
PTL 2: JP-A-2010-28925
PTL 3: JP-A-2002-120739

Summary of Invention

Technical Problem

[0005] The structure of PTL 1, however, has a problem
that ease of mounting becomes poor when the motor has
a long shaft length and, moreover, a space surrounding
a transmission mechanism, such as a worm gear, cannot
be utilized effectively. In addition, this structure has an-
other problem with a motor having a long motor shaft
length that the center of gravity of the motor is at a position
away from the transmission mechanism, such as a worm
gear, which is disadvantageous in terms of vibration and
noise.
[0006] On the other hand, according to the structure
of PTL 2 and PTL 3 combining the motor and the motor
drive control unit into one piece, although the drive control
unit is disposed coaxially with the motor, the full length
becomes long because the drive control unit has a long
shaft length and is disposed on the gear side. The center
of gravity of the motor is therefore at a position further
away from the the transmission mechanism, such as a
worm gear. Hence, there is a problem that this structure
is disadvantageous in terms of vibration and noise.
[0007] The invention was devised to solve the prob-
lems discussed above and has an object to provide a
motor drive device for electric power steering apparatus

achieving a reduction not only in size but also in vibration
and noise at the same time.

Solution to Problem

[0008] A motor drive device for electric power steering
apparatus of the invention is a motor drive device for
electric power steering apparatus, including a motor hav-
ing a stator iron core, a frame fixing the stator iron core,
and a rotor iron core fixed to a shaft supported in a ro-
tatable manner, and a motor drive control unit disposed
coaxially with the shaft and combined with the motor into
one piece. At least two screw holes for fixation to a gear
(speed reducer) of the electric power steering apparatus
are provided to either one of the motor drive control unit
and the motor. Herein, let L1 be a maximum value of a
distance between center points of the screw holes, and
L2 be a distance between an end face of the stator iron
core in an axial direction on a farther side from the gear
and an attachment surface attached to a gear side, then
a value of L1 is equal to or greater than a value of L2.

Advantageous Effects of Invention

[0009] According to the motor drive device for electric
power steering apparatus of the invention, the motor
drive device is of an integral-type configuration that com-
bines the coaxially disposed motor drive control unit and
yet can be shaped flat and shorter in the axial direction
than the device in the related art. Hence, there can be
achieved an advantage that not only can a space sur-
rounding the gear be utilized effectively, but also ease of
mounting can be enhanced.
[0010] Further, in spite of the integral-type configura-
tion that combines the coaxially disposed motor drive
control unit, positions of the center of gravity of the stator
iron core and the rotor iron core both having a large mass
can be moved closer to the gear of the electric power
steering apparatus. Hence, there can be achieved an-
other advantage that vibration and noise can be reduced.

Brief Description of Drawings

[0011]

Fig. 1 is a schematic cross section of a motor drive
device according to a first embodiment of the inven-
tion.
Fig. 2 is a side view of the motor drive device ac-
cording to the first embodiment of the invention.
Fig. 3 is an outward appearance perspective view of
the motor drive device according to the first embod-
iment of the invention.
Fig. 4 is a circuit diagram of the motor drive device
according to the first embodiment of the invention.
Fig. 5 is a plan view of a control board of a motor
drive control unit according to the first embedment
of the invention.
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Fig. 6 is a plan view of an electric connection portion
of the motor drive control unit according to the first
embodiment of the invention.
Fig. 7 is a plan view of a heat sink of the motor drive
control unit according to the first embodiment of the
invention.
Fig. 8 is a plan view of a housing of the motor drive
control unit according to the first embodiment of the
invention.
Fig. 9 is a plan view of the heat sink of the motor
drive control unit according to the first embodiment
of the invention when viewed from a rear side of a
motor.
Fig. 10 is a longitudinal cross section of the motor
according to the first embodiment of the invention.
Fig. 11 is an outward appearance view of a motor
drive device according to a second embodiment of
the invention.
Fig. 12 is a schematic cross section of a motor drive
device according to a third embodiment of the inven-
tion.
Fig. 13 is a schematic cross section of a motor drive
device according to a fourth embodiment of the in-
vention.

Description of Embodiments

First Embodiment

[0012] Fig. 1 is a schematic cross section of a motor
drive device according to a first embodiment of the in-
vention. The motor drive device includes a motor 10 and
a motor drive control unit 30 disposed on a front side
(motor output shaft side) of the motor 10 and combined
with the motor 10 into one piece.
[0013] In the motor drive control unit 30, a connector
90 receives a power supply and predetermined informa-
tion, such as information on a steering torque and a ve-
hicle speed, in the form of electric signals, which are sent
to an electric connection portion 70 and a control board
60. Smoothing capacitors 74 and a coil 75 are embedded
in concave holes 55 provided to a heat sink 50. The heat
sink 50 and a housing 40 are connected with screws 102
and the housing 40 and a frame 11 of the motor 10 are
connected with screws 101. It should be noted that the
housing 40 and the heat sink 50 are made of metal and
an aluminum die casting material is suitable.
[0014] A structure of the motor 10 will be descried in
the following. An armature winding 13 is wound around
a stator iron core 12 and a rotor including a rotor iron
core 14 and a permanent magnet 15 is disposed oppo-
sitely to the stator iron core 12. A shaft 16 is press-fit into
the center of a rotation shaft of the rotor iron core 14. A
boss 17, which is a coupling to a shaft of a gear (speed
reducer) of an electric power steering apparatus, is
press-fit to one end of the shaft 16. The shaft 16 has a
structure by which the shaft 16 is supported on two bear-
ings 18 and 19 and allows the rotor to rotate. One of the

bearings 18 and 19 is fixed to the heat sink 50 of the
motor drive control unit 30 and the other is fixed to the
frame 11. As a sensor that detects a rotation angle of the
motor 10, a resolver (rotation sensor) 80 of a variable
reluctance type is provided on a front side of the heat
sink 50. The stator iron core 12 is fixed to the frame 11
by press-fitting or shrink fitting. The frame 11 is fixed to
the housing 40. The armature winding 13 is electrically
connected to a bus bar (not shown) via a terminal 13a
and electrically connected to the motor drive control unit
30 via the bus bar. The bus bar can drive the motor 10
when supplied with a current from switching elements 73
of the motor drive control unit 30.
[0015] Fig. 2 is a side view of the motor drive device
of the first embodiment and shows an outward appear-
ance of the motor drive control unit 30 disposed on the
front side and combined with the motor 10 into one piece
and the motor 10. The frame 11 of the motor 10 is fixed
to the housing 40 of the motor drive control unit 30 with
the screws 101 and further the housing 40 and the heat
sink 50 are fixed with the screws 102.
[0016] Fig. 3 is an outward perspective view of the mo-
tor drive device of the first embodiment and shows a per-
spective view of the motor 10 and the motor drive control
unit 30 disposed on the front side of the motor 10 and
combined with the motor 10 in one piece. For ease of
illustration, a detailed structure in a portion of the con-
nector 90 is omitted in Fig. 3 and the screws fastening
the frame 11, the housing 40, and the heat sink 50 are
also omitted. The portion of the connector 90 is provided
with a power supply connector and a control signal con-
nector (not shown in detail in the drawing).
[0017] The cup-like frame 11 that fixes the stator iron
core 12 of the motor 10 by press-fitting has a shape ex-
panding radially outward in the vicinity of a contact sur-
face with the housing 40. The frame 11 includes screw
holes 11a in the expanded portions at three points in a
circumferential direction and is fastened to the housing
40 with three screws (not shown). Further, it is structured
in such a manner that an abutment surface 110 of the
housing 40 and the heat sink 50 is on a single plane
crossing a direction of the rotation shaft of the motor 10.
It is structured in such a manner that screw holes to let
the screws used to fasten the frame 11 of the motor 10,
the housing 40, and the heat sink 50 pass through are
at positions coinciding with one another in the circumfer-
ential direction. Also, the heat sink 50 is provided with
screw holes 53 used to fasten the heat sink 50 to the
gear side of the electric power steering apparatus. In Fig.
3, the screw holes 53 are provided at opposing positions
apart by 180 degrees or substantially 180 degrees in a
one-to-one correspondence.
It should be appreciated, however, that two or more screw
holes 53 may be provided when the need arises.
[0018] The structures of the housing 40 and the heat
sink 50 will be described in detail below.
[0019] As are shown in Fig. 1 through Fig. 3, the heat
sink 50 of the motor drive control unit 30 is provided with
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two screw holes 53 for fixation to the gear of the electric
power steering apparatus. Let L1 be a distance between
the center points of the screw holes 53. In Fig. 1, given
that a straight line A is a straight line passing a center
point of the screw hole 53 provided on the upper side of
the sheet surface and parallel to the shaft 16 of the motor
10 and a straight line B is a straight line passing a center
point of the screw hole 53 provided on the lower side and
parallel to the shaft 16 of the motor 10, then L1 is a dis-
tance between these straight lines. A plane C of Fig. 1
is a plane that coincides with an abutment surface 111
of the gear of the electric power steering apparatus and
the heat sink 50 and a plane D is a plane that coincides
with an end face of the stator iron core’ 12 on the rear
side. It is configured in such a manner that let L2 be a
distance between the plane C and the plane D, then a
value of L1 is equal to or greater than a value of L2.
[0020] Further, a plane E that coincides with an abut-
ment surface of the frame 11 and the housing 40 and a
plane F on the rear side of the motor 10 are defined. It
is also configured in such a manner that let L3 be a dis-
tance between the plane C and the plane E and L4 be a
distance between the plane E and the plane F, then a
value of L3 is equal to or greater than a value of L4.
[0021] Fig. 4 is a circuit diagram of the motor drive con-
trol unit 30. Hereinafter, a manner of connection for the
respective portions of Fig. 1 will be described using Fig.
4. The armature winding 13 of the motor 10 is wye-con-
nected. Of FETs 73a and 73b installed in a switching
element 73 and connected to each other at one end, the
FET 73a forms a plus-side arm of a phase U of a three-
phase bridge circuit and the other FET 73b forms a mi-
nus-side arm of the phase U. Also, the other end of the
FET 73a is connected to the smoothing capacitor 74 for
ripple absorption and to the coil 75 for noise absorption.
The other end of the FET 73b is connected to a ground
potential portion of a vehicle via a shunt resistor 73d. A
connection point connecting one ends of the respective
FETs 73a and 73b is used as a U-phase AC-side terminal
of the three-phase bridge circuit. Also, another FET 73c
installed in the switching element 73 is connected to the
U-phase AC-side terminal at one end and connected to
a U-phase terminal of the armature winding 13 at the
other end.
[0022] A phase W and a phase V are of the same con-
figuration.
[0023] Two FETs 76a and 76b installed in a power sup-
ply relay 76 are connected to each other at one end. The
other end of the FET 76a is connected to a plus-side DC
terminal of the three-phase bridge circuit via the coil 75
and the other end of the other FET 76b is connected to
an in-vehicle battery 100 via a power supply connector.
Fig. 4 shows a case where the power supply relay 76 is
disposed at a position between the battery 100 and the
coil 75. It should be appreciated, however, that the power
supply relay 76 may be disposed at a position between
the coil 75 and the smoothing capacitor 74 instead.
[0024] It is configured in such a manner that an FET

drive circuit 65 is mounted on the control board 60 and
an output terminal thereof is connected to gates of the
respective FETs specified above, so that a gate drive
signal is given to the respective gates at predetermined
timings. A microcomputer 64 mounted on the control
board 60 controls the output timing of a gate drive signal
outputted from the FET drive circuit 65 according to a
rotation detection signal from the resolver 80 serving as
the rotation sensor described above.
[0025] In a case where the motor drive device accord-
ing to the first embodiment of the invention configured
as above is employed in an electric power steering ap-
paratus, when a steering torque is applied on the steering
shaft as a driver operates the steering wheel, an unillus-
trated torque detection device detects the steering torque
and inputs the detection result into the microcomputer
64. Also, a rotation detection signal corresponding to a
steering rotation number detected by the resolver 80
serving as the rotation sensor is inputted into the micro-
computer 64. The microcomputer 64 computes an assist
torque on the basis of the steering torque, steering rota-
tion number, vehicle speed signals, and the like inputted
therein, and controls the three-phase bridge circuit, which
is a motor drive circuit, in such a manner that the motor
10 generates a torque to apply the assist torque to the
steering shaft via the speed reducer.
[0026] More specifically, the FET drive circuit 65 gen-
erates a gate drive signal at predetermined timing ac-
cording to a command from the microcomputer 64 and
controls conduction of the respective FETs forming the
three-phase bridge circuit. Accordingly, the three-phase
bridge circuit generates a predetermined three-phase AC
current and supplies the three-phase AC current to the
armature winding 13 of the motor 10 to drive the motor
10. A torque generated by the motor 10 is applied to the
steering shaft via the speed reducer as an assist torque.
Hence, a steering force of the steering wheel by the driver
is reduced. The above has described a case where the
motor 10 is wye-connected. It should be appreciated,
however, that it goes without saying that the motor 10
can be delta-connected instead.
[0027] The structure of the motor drive control unit 30
will now be described in detail. The motor drive control
unit 30 is formed by layering the control board 60 of Fig.
5, the electric connection portion 70, the smoothing ca-
pacitors 74, the coil 75, and the switching elements 73
of Fig. 6, the heat sink 50 of Fig. 7, and the housing 40
of Fig. 8 in the direction of the rotation shaft of the motor
10.
[0028] Fig. 5 is a plan view of the control board 60 of
the motor drive control unit of the first embodiment and
shows a view when the control board 60 is viewed from
the rear side (the opposite side of the motor output shaft).
Fig. 5 shows only a schematic view and a detailed circuit
structure is omitted. The microcomputer 64 and the FET
drive circuit 65 are mounted on the control board 60 and
a hole 61 to let the shaft 16 of the motor 10 pass through
is provided at the center. A predetermined number of
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holes 62 to let control signal lines pass through are pro-
vided on the periphery of the hole 61. A predetermined
number of holes 63 to let terminals, which are signal lines
from the connector 90, pass through are provided in an
upper part facing the drawing.
[0029] The control board 60 is held by the electric con-
nection portion 70 with screws or by soldering to control
signal lines 73h.
[0030] Fig. 6 is a plan view of the electric connection
portion of the motor drive control unit of the first embod-
iment and shows a view when the electric connection
portion 70, the smoothing capacitors 74, the coil 75, and
the switching elements 73 are viewed from the front side.
The electric connection portion 70 is formed of a plus-
side bus bar 77, a minus-side bus bar 78, and a frame
72 formed of an insulating member, such as resin. The
frame 72 plays a role of holding terminals 79 which are
signal lines from the bus bars 77 and 78 and the connec-
tor 90 and a role of securing electrical isolation between
the foregoing members and the other members. The bus
bar 77 is connected to the battery 100. It should be noted
that the plus side of the battery 100 is electrically con-
nected to the plus-side bus bar 77 via a harness and a
connector electrode. The bus bar 77 is connected to one
terminal of the coil 75 and connected to another plus-
side bus bar again from the other terminal. Further, the
bus bar 77 is disposed along a shaft insertion hole 71
and in a rectangular shape. On the other hand, the minus-
side bus bar 78 is disposed on an inner side of the plus-
side bus bar 77 in a rectangular shape and connected to
the minus side of the battery 100 via a harness and a
connector electrode.
[0031] The electric connection portion 70 is held by the
heat sink 50 with screws or the like.
[0032] Further, the smoothing capacitors 74 and the
switching elements 73 are connected to the plus-side
bus bar 77 and the minus-side bus bar 78. Also, the power
supply relay 76 is connected in series to the plus side of
the coil 75. ON and OFF states of the power supply relay
76 are controlled by control signal lines 76c extending
from the power supply relay 76. In Fig. 6, three smoothing
capacitors 74 are provided, which are disposed at cor-
ners of the bus bars 77 and 78 disposed in a rectangular
shape and connected to these bus bars. The switching
terminals 73 are connected to the plus-side bus bar 77
and the minus-side bus bar 78 via plus-side terminals
73f and minus-side terminals 73g, respectively. Also, a
motor-side terminal 73e is provided to each switching
element 73 so as to supply a current to the motor 10. The
control signal lines 73h extend from the switching ele-
ments 73 toward the control board 60,
[0033] The structure of the switching elements 73 can
be a module formed by resin-molding a MOS-FET bare
chip and a shunt resistor. By resin-molding the bare chip,
heat generated in the switching elements 73 can be ef-
ficiently transferred to switching element placement por-
tions of the heat sink 50. Hence, there can be achieved
an advantage that a temperature rise of the switching

elements 73 can be reduced. Accordingly, a temperature
rise of the control board 60 and the control elements can
be suppressed, too. It should be appreciated, however,
that the switching elements 73 are not limited to the one
described above and it goes without saying that a struc-
ture in which a bare chip is mounted on a ceramic board,
for example, a DBC (Direct Bonded Copper) board, is
also available.
[0034] Fig. 7 is a plan view of the heat sink of the motor
drive control unit of the first embodiment and shows a
view when the heat sink 50 is viewed from the rear side.
The heat sink 50 of Fig. 7 has substantially a circular
outer shape when viewed from the rear side and the
screw holes 53 for connection to the gear side are pro-
vided at two points in an outer peripheral portion. The
screw holes 53 are provided at opposing positions apart
by 180 degrees or substantially 180 degrees. The screw
holes 52 are provided at three points at positions away
from the screw holes 53 in an axial direction. These are
screw holes for connection to the housing 40 described
below. In Fig. 7, these screw holes are provided at three
points spaced apart by about 120 degrees. The hole 51
to let the shaft 16 of the motor 10 penetrate through is
provided at the center of the heat sink 50. A total of three
switching element placement portions 54 of an oblong
shape are provided on the periphery of the hole 51. These
switching element placement portions 54 coincide with
that of Fig. 1. In order to maintain a homogeneous contact
state with the switching elements 73, it is recommended
that the surfaces be made flat by applying machining with
accuracy. Further, circular holes 55 are provided next to
the switching element placement portions 54. These
holes 55 are concave portions in which to embed the
smoothing capacitor 74 and the coil 75 of Fig. 1. Fig. 7
shows a case where a total of four holes are provided to
embed three smoothing capacitor 74 and one coil 75.
[0035] Fig. 8 is a plan view of the housing 40 of the
motor drive control unit of the first embodiment and shows
a view when the housing 40 is viewed from the rear side.
Screw holes 42 for connection to the frame 10 are pro-
vided at three points in a circumferential direction and
positions thereof are brought into coincidence with the
positions of the screw holes 52 of the heat sink of Fig. 7
in the circumferential direction. The frame 11 of the motor
10 and the housing 40 are fastened by inserting the
screws 101 into the screw holes 42. A hole 41 to let the
shaft 16 of the motor 10 pass through is provided in the
vicinity of the center of the housing 40. Further, holes 43
to let bus bars (not shown) electrically connecting the
motor 10 and the switching elements 73 pass through
are provided at three points. The reason why the holes
43 are provided at three points is that the motor 10 is
electrically connect to the switching elements 73 via bus
bars of the respective phases U, V, and W.
[0036] Fig. 9 is a plan view of the motor drive control
unit of the first embodiment when the heat sink is viewed
from the rear side of the motor and shows a case where
ceramic boards provided with switching elements are dis-
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posed in the switching element placement portions 54 of
the heat sink 50. Two FETs 76a and 76b forming one
power supply relay 76 and three FETs 73a, 73b, and 73c
of the respective phases forming the three-phase bridge
circuit are aligned substantially on the circumference and
the holes 55 (or concave portions) in which to install one
coil 75 and three smoothing capacitors 74 are provided
among these members. The power supply relay 76 in-
cludes a ceramic board 54b and bare chips of two FETs
76a and 76b. Each of the switching elements 73 of the
three phases includes a ceramic board 54a, three FETs
73a, 73b, and 73c, and one shunt resistor 73d. It should
be noted that wire bondings electrically connecting the
bare chips and the shunt resistors are omitted in the draw-
ing.
[0037] The FET 73a is disposed on a plus-side arm,
the FET 73b and the shunt resistor 73d are disposed on
a minus-side arm, and the FET 73c is disposed on the
motor side. The FET 73c is normally in a constantly ON
state and plays a role of electrically isolating the motor
10, that is, plays a role of a motor relay when the need
arises. The respective switching elements of the three
phases are of a common design and the cost can be
therefore reduced. The ceramic boards 54a and 54b can
be, for example, a DBC board (Direct Bonded Copper)
or a DBA board (Direct Bonded Aluminum). When the
DBC board is used, heat generated in the FETs and the
shunt resistors can be efficiently released to the heat sink
using a copper thin plate (aluminum thin plate in the case
of the DBA board) and ceramic. Hence, a temperature
rise of the FETs and the shunt resistors can be reduced.
The ceramic boards 54a and 54b may be joined to the
switching element placement portions 54 via an adhesive
or fixed by soldering.
[0038] As has been described, there can be achieved
an advantage that a temperature rise of the switching
elements can be reduced because heat generated of the
switching elements can be efficiently transferred to the
switching element placement portions 54 by the ceramic
boards 54a and 54b. A temperature rise of the control
board and the control elements can be suppressed as
well, which means that the motor drive control unit can
be reduced in size and weight. Accordingly, the shaft
length of the motor drive control unit can be shorter and
the center of gravity of the motor can be moved closer
to the gear side. Consequently, there can be achieved
an advantage that vibration and noise can be reduced.
Different from an axially long motor, there can be
achieved another advantage that a space surrounding
the transmission mechanism, such as a worm gear, can
be effectively utilized.
[0039] Fig. 10 is a longitudinal cross section of the mo-
tor 10. In this cross section, a permanent magnet 15 is
laminated on the surface of the rotor iron core 14 and
has 10 poles in this case. Further, the permanent magnet
15 has a barrel-shaped cross section and reduces torque
pulsations by reducing harmonic components of a mag-
netic flux and shaping an inductive voltage into a sinu-

soidal waveform. The rotor iron core 14 is provided with
protrusions 14a and plays a role of fixing the permanent
magnet 14 so as not to slide in the circumferential direc-
tion. Meanwhile, the stator iron core 12 is provided with
slots 12a to wind the armature winding 13. Fig. 10 shows
a case where the armature winding 13 is intensively
wound around radially extending teeth 12b of the stator
iron core 12. Herein, the number of the slots is 12 and
the armature winding is wound around all of the 12 teeth.
[0040] Further, the number of phases of this perma-
nent magnet rotating electrical machine is three. Let the
three phases be a phase U, a phase V, and a phase W.
Then, as is shown in Fig. 10, the windings are arranged
as follows: U1+, U1-, V1-, V1+, W1+, W1-, U2-, U2+,
V2+, V2-, W2-, and W2+. Herein, signs + and - denote
winding directions and the signs + and - indicate that the
winding directions are opposite to each other. Further,
U1+ and U1- are connected in series and U2- and U2+
are also connected in series. These two series circuits
can be connected either in parallel or in series. The same
applies to the phase V and the phase W. Further, the
three phases can be either wye-connected or delta-con-
nected. The 10-pole and 12-slot motor has a large fun-
damental winding factor and a small harmonic winding
factor and therefore becomes a motor with a high torque
and a low torque pulsation. Hence, because the motor
10 can be more compact and the axial length of the motor
10 can be shorter, the center of gravity of the motor 10
can be moved closer to the gear side. Consequently,
there can be achieved an advantage that vibration and
noise can be reduced.
[0041] Fig. 10 shows a case of the 10-pole and 12-slot
motor. It should be appreciated, however, that the motor
10 is not limited to this case. Let M be the number of
poles and N be the number of slots. Then, when a rela-
tional expression between M and N expressed as:
0.75<N/M<1.5, is established, a winding factor is high in
comparison with a case where N/M = 0.75 or N/M = 1.5
and a compact and high-torque permanent magnet ro-
tating electrical machine can be obtained by efficiently
using a magnetic flux of the permanent magnet.
[0042] For example, the same advantage can be
achieved with a 14-pole and 12-slot (M = 14 and N = 12)
motor and a 14-pole and 18-slot (M = 14 and N = 18)
motor.
[0043] As has been described, a motor drive device
for electric power steering apparatus according to the
first embodiment of the invention is the motor drive device
for electric power steering apparatus, including the motor
10 having the stator iron core 12, the frame 11 fixing the
stator iron core, and the rotor iron core 14 fixed to the
shaft 16 supported in a rotatable manner, and the motor
drive control unit 30 disposed coaxially with the shaft and
combined with the motor 10 into one piece. It is config-
ured in such a manner that: at least two screw holes 53
for fixation to the gear (speed reducer) of the electric
power steering apparatus are provided to either one of
the motor drive control unit 30 and the motor 10; and let
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L1 be a maximum value of a distance between center
points of the screw holes, and L2 be a distance between
an end face D of the stator iron core in an axial direction
on a farther side from the gear and an attachment surface
C attached to a gear side, then a value of L1 is equal to
or greater than a value of L2.
[0044] The motor drive device for electric power steer-
ing apparatus according to the first embodiment of the
invention configured as above achieves the following ad-
vantages.
[0045] The motor drive device is of an integral-type
configuration that combines the coaxially disposed motor
drive control unit 30 and yet can be shaped flat and short-
er in the axial direction than the apparatus in the related
art. Hence, there can be achieved an advantage that not
only can a space surrounding the gear be utilized effec-
tively, but also ease of mounting can be enhanced. Fur-
ther, in spite of the integral-type configuration that com-
bines the coaxially disposed motor drive control unit 50,
positions of the center of gravity of the stator iron core
12 and the rotor iron core 14 both having a large mass
can be moved closer to the gear. Hence, there can be
achieved an advantage that vibration and noise can be
reduced. Figs. 1 through 3 show a case where the screw
holes 53 are provided at two points. It should be appre-
ciated, however, that the invention is not limited to this
case. In a case where the screw holes 53 are provided
to three points or more than three points in the circum-
ferential direction, the same advantage can be achieved
by defining a longest distance among the center points
of these screw holes 53 as L1.
[0046] Further, it is configured in such a manner that
the motor drive control unit 30 is disposed on the side of
the gear when viewed from the motor 10, and that let L3
be a total of axial lengths of the heat sink 50 and the
housing 40 and L4 be a length of the frame 11 of the
motor 10, then a value of L3 is equal to or greater than
a value of L4.
[0047] When configured in this manner, the center of
gravity can be moved closer to the gear by making a
portion of the stator iron core 12 and the rotor iron core
14 in the motor 10 flat. Hence, there can be achieved an
advantage that vibration and noise can be reduced.
[0048] The motor drive control unit 30 is disposed on
the side of the gear when viewed from the motor 10 and
the heat sink 50 is disposed on the side of the gear.
[0049] When configured in this manner, the center of
gravity of the motor 10 and the motor drive control unit
30 can be moved closer to the gear by disposing the heat
sink 50 accounting for a large proportion of mass in the
motor drive control unit 50 on the side closer to the gear.
Hence, there can be achieved an advantage that vibra-
tion and noise can be reduced.
[0050] In the motor drive control unit 30, the switching
elements 73 are disposed in the switching element place-
ment portions 54 that are combined with the heat sink 50
into one piece or provided separately. Also, the heat sink
50 is disposed on the front side.

[0051] When configured in this manner, there can be
achieved an advantage that not only can vibration and
noise be reduced because the center of gravity can be
moved closer to the gear, but also a continuous steering
time of the electric power steering apparatus can be long-
er at the same time because heat generated in the switch-
ing elements 73 can be released efficiently to the gear
side and hence a temperature rise can be reduced.
[0052] The motor drive control unit 30 has the smooth-
ing capacitors 74 and the coil 75, and the smoothing ca-
pacitors 74 and the coil 75 are embedded in the holes
55 provided to the heat sink 50.
[0053] When configured in this manner, the smoothing
capacitors 74 and the coil 75 are embedded into the holes
of the heat sink. Hence, there can be achieved an ad-
vantage that not only can a size be reduced because the
axial length can be shorter, but also vibration and noise
can be reduced at the same time because the center of
gravity can be moved to a position closer to the gear.
[0054] Herein, let M be the number of poles and N be
the number of slots of the armature of the motor 10, then
a relational expression below is established for M and N: 

[0055] When configured in this manner, a winding fac-
tor is high in comparison with a case where N/M = 0.75
or N/M = 1.5 and a compact and high-torque permanent
magnet rotating electrical machine can be obtained by
efficiently using a magnetic flux of the permanent magnet
15. Hence, there can be achieved an advantage that not
only can a size be reduced because a motor having the
stator iron core 12 with a short shaft length can be pro-
vided, but also vibration and noise can be reduced at the
same time because the center of gravity can be moved
to a position closer to the gear.
[0056] The rotation sensor 80 that detects a rotation
position of the motor 10 is embedded in the heat sink 50
of the motor drive control unit 30. Hence, there can be
achieved an advantage that not only can a size be re-
duced because the axial length can be shorter, but also
vibration and noise can be reduced at the same time
because the center of gravity can be moved to a position
closer to the gear.
[0057] It has been described that an aluminum die
casting material is suitable for the housing 40 of the motor
drive control unit 30. However, the housing 40 may be
made of resin either in part or in whole. In a case where
the housing 40 is made of resin, there can be achieved
an advantage that vibration-induced displacement can
be suppressed due to a weight reduction and transmis-
sion of vibration is suppressed due to attenuation by the
resin in comparison with a case where the housing 40 is
made of metal, such as an aluminum die casting material.
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Second Embodiment

[0058] Fig. 11 is an outward appearance view of a mo-
tor drive device according to a second embodiment of
the invention and shows an outward appearance of a
motor drive control unit 30 disposed on the front side of
a motor and combined with the motor into one piece and
the motor 10. A frame 11 of the motor 10 is fixed to a
housing 40 of the motor drive control unit 30 with screws
101. Further, the housing 40 and a heat sink 50 are fixed
with screws 102. A difference from Fig. 2 is the orientation
of a connector 90. In Fig. 2, the connector 90 extends
rearward of the motor 10 whereas Fig. 11 shows a case
where the connector 90 extends in a radial direction of
the motor 10 and an insertion direction is the radial di-
rection. There is an advantage that a space surrounding
the motor 10 in the radial direction can be utilized effec-
tively and ease of mounting can be enhanced.

Third Embodiment

[0059] Fig. 12 is a schematic cross section of a motor
drive device of a third embodiment and shows a case
where a motor drive control unit is disposed on a side
(rear side of the motor) opposite to the gear side (the
speed reducer side) of the electric power steering appa-
ratus and combined with the motor into one piece. An
armature winding 13 is wound around a stator iron core
12 and a rotor including a rotor iron core 14 and a per-
manent magnet 15 is disposed oppositely to the stator
iron core 12. A shaft 16 is press-fit into the center of the
rotation shaft of the rotor iron core 14 and a boss 17,
which is a coupling to a shaft of the gear of the electric
power steering apparatus, is press-fit to one end of the
shaft 16. The shaft 16 has a structure by which the shaft
16 is supported on two bearings and allows the rotor to
rotate. A bearing 19 disposed on the gear side (front side)
when viewed from the motor 10 is fixed to a cover 20
disposed on the gear side (front side) of the stator iron
core 12. On the other hand, a bearing 18 disposed on
the rear side is fixed to a cover 21 disposed on the rear
side. The stator iron core 12 is fixed to the frame 11 by
press-fitting or shrink fitting. Protrusions 11b in which to
provide screw holes are provided to to the frame 11 in a
full axial length of the frame 11. This shape can be formed
by extrusion of aluminum. A rotation sensor 80 is provid-
ed at an end of the shaft 16 on the rear side. In Fig. 12,
a variable reluctance resolver is installed. It should be
appreciated, however, that the rotation sensor 80 is not
limited to the variable reluctance resolver and it goes
without saying that a magnetic sensor as a combination
of a permanent magnet and a GMR or an MR element
is also available.
[0060] The motor drive control unit 30 includes a con-
trol board 60 on which a microcomputer 64 is mounted
and includes, on the side of the motor 10 when viewed
from the control board 60, an electric connection portion
70 electrically connecting a coil 75 and smoothing ca-

pacitors 74. Switching elements 73 are installed in
switching element placement portions 54 and further a
heat sink 50 combined with (or provided separately from)
the switching element placement portions 54 is provided.
The heat sink 50 is provided with holes in which the
smoothing capacitors 74 and the coil 75 are embedded.
The motor drive control unit 30 is covered with a cover
57 made of metal or resin. A connector 90 is provided
behind the cover 57 to supply a power supply from a
battery 100, a signal from the torque sensor and a signal
of a vehicle speed.
[0061] The cover 57 is fixed to the heat sink 50 with an
adhesive or screws or a combination of an adhesive and
screws.
[0062] The frame 11 of the motor 10 is provided with
the protrusions 11b in the radial direction and screw holes
11c for motor drive control unit fixation and screw holes
11d for gear fixation are formed in the protrusions 11b.
Let L1 be a distance between center positions the screw
holes 11d for gear fixation, that is, a distance between
straight lines A and B, C be an abutment surface to the
gear, D be an end face of the rotor iron core 12 on the
rear side, and L2 be a distance between the plane C and
the plane D. Then, it is structured in such a manner that
a value of L1 is equal to or greater than a value of L2.
Among the motor constituent components, the stator iron
core 12 of the motor 10 accounts for a large proportion
of mass. Hence, the position of the center of gravity of
the motor 10 largely depends of the position of the stator
iron core 12. Further, the rotor iron core 14 has a large
mass, too. However, it is configured in such a manner
that an end face of the stator iron core 12 in the axial
direction and an end face of the rotor iron core in the axial
direction coincide or substantially coincide with each oth-
er. Hence, by setting the value of L1 to be equal to or
greater than the value of L2, the position of the center of
gravity of the motor 10 can be moved closer to the gear
side.
[0063] When configured as above, the position of the
center of gravity of the motor 10 can be moved closer to
the gear side. Hence, there can be achieved an advan-
tage that not only can vibration and noise be reduced but
also the device can be reduced in size. Also, a degree
of freedom of a sectional shape is increased by forming
the frame 11 by extrusion. Hence, there can be achieved
an advantage that it is easy to mold the frame 11 with a
sectional shape in consideration of the layout with re-
spect to the gear. Further, the center of gravity can be
moved further forward than by disposing the motor drive
control unit 30 on the gear side (front side). Hence, the
advantage of reducing vibration and noise can be en-
hanced.
[0064] Also, because the heat sink 50 is provided on
the front side of the motor drive control unit 30, the heat
sink 50 having a large mass among the constituent com-
ponents is disposed on a side closer to the gear. Hence,
because the center of gravity can be moved to a position
closer to the gear, there can be consequently achieved
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an advantage that vibration and noise can be reduced.

Fourth Embodiment

[0065] Fig. 13 is a schematic cross section of a motor
drive device of a fourth embodiment and shows a case
where the motor drive device is attached to a column
electric power steering apparatus. A heat sink 50 is fixed
by abutting on a housing 201 of a gear (speed reducer)
200 with screws (not shown) . A boss 17 is connected to
a worm gear shaft and a torque of the motor 10 is trans-
mitted to a worm gear shaft 202 to turn the worm gear
shaft 202. Further, a worm gear 203 rotates a worm wheel
204 and a steering shaft 205 mechanically connected to
the worm wheel 204. Two screw holes 53 for attachment
to the gear 200 are provided. Let L1 be a distance be-
tween the screw holes 53 and L2 be a distance between
an abutment surface to the gear 200 and an end face of
the stator iron core 12 in the axial direction on a farther
side from the gear 200. Then, a value of L1 is equal to
or greater than a value of L2.
[0066] Owing to the configuration as above, the center
of gravity of the motor 10 can be moved to a side closer
to the gear. Hence, even when the motor 10 is vibrated
in the radial direction, displacement is suppressed to a
small extent. Consequently, there can be achieved an
advantage that vibration and noise can be reduced.

Reference Signs List

[0067]

10: motor
11: frame, 11a: screw hole, 11b: protrusion,

11c and 11d: screw hole
12: stator iron core, 12a: slot, 12b: teeth
13: armature winding, 13a: terminal
14: rotor iron core, 14a: protrusion
15: permanent magnet
16: shaft
17: boss
18 and 19: bearing
20 and 21: cover
30: motor drive control unit
40: housing
41: shaft insertion hole
42: screw hole for heat sink connection
43: bus bar insertion hole
50: heat sink
51: shaft insertion hole
52: screw hole for housing connection
53: screw hole for gear-side connection
54: switching element placement portion, 54a

and 54b: ceramic board
55: smoothing capacitor and coil housing hole
56: flange portion
57: cover
58: hole

60: control board
61: shaft insertion hole
62: control signal line insertion hole
63: terminal insertion hole
64: microcomputer
65: FET drive circuit
70: electric connection portion
71: shaft insertion hole
72: frame
73: switching element, 73a, 73b, and 73c: FET
73d: shunt resistor, 73e: motor-side terminal,

73f: plus-side terminal
73g: minus-side terminal, 73h: control signal

line
74: smoothing capacitor
75: coil
76: power supply relay, 76a and 76b: FET,

76c: control signal line
77: plus-side bus bar
78: minus-side bus bar
79: terminal
80: resolver (rotation sensor)
90: connector, 90a: power supply connector,

90b: control connector
100: battery
101: screw for frame and housing connection
102: screw for housing and heat sink connec-

tion
110: abutment surface of housing and heat sink
111: abutment surface of gear and heat sink
200: gear (speed reducer)
201: housing
202: worm gear shaft
203: worm gear
204: worm wheel
205: steering shaft

Claims

1. A motor drive device for electric power steering ap-
paratus, including a motor having a stator iron core,
a frame fixing the stator iron core, and a rotor iron
core fixed to a shaft supported in a rotatable manner,
and a motor drive control unit disposed coaxially with
the shaft and combined with the motor into one piece,
characterized in that:

at least two screw holes for fixation to a gear
(speed reducer) of the electric power steering
apparatus are provided to either one of the motor
drive control unit and the motor; and
let L1 be a maximum value of a distance be-
tween center points of the screw holes, and L2
be a distance between an end face of the stator
iron core in an axial direction on a farther side
from the gear and an attachment surface at-
tached to a gear side, then a value of L1 is equal
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to or greater than a value of L2.

2. The motor drive device for electric power steering
apparatus according to claim 1, characterized in
that:

the motor drive control unit includes a heat sink
on which is mounted a switching element that
controls driving of the motor and a housing con-
nected to the heat sink so as to cover the switch-
ing element.

3. The motor drive device for electric power steering
apparatus according to claim 2, characterized in
that:

the motor drive control unit is disposed on a side
of the gear when viewed from the motor; and
let L3 be a total of axial lengths of the heat sink
and the housing and L4 be a length of a frame
of the motor, then a value of L3 is equal to or
greater than a value of L4.

4. The motor drive device for electric power steering
apparatus according to claim 2 or 3, characterized
in that:

the motor drive control unit is disposed on a side
of the gear when viewed from the motor and the
heat sink is disposed on the side of the gear.

5. The motor drive device for electric power steering
apparatus according to any one of claims 2 through
4, characterized in that:

in the motor drive control unit, the switching el-
ement is disposed in a switching element place-
ment portion that is combined with the heat sink
into one piece or provided separately.

6. The motor drive device for electric power steering
apparatus according to any one of claims 2 through
5, characterized in that:

the motor drive control unit has a smoothing ca-
pacitor for ripple absorption and a coil for noise
absorption; and
the smoothing capacitor and the coil are embed-
ded in holes provided to the heat sink.

7. The motor drive device for electric power steering
apparatus according to any one of claims 1 through
6, characterized in that:

let M be the number of poles and N be the
number of slots of an armature of the motor, then
a relational expression below is established for
M and N, 0.75 < N/M < 1.5.

8. The motor drive device for electric power steering
apparatus according to any one of claims 2 through
7, characterized in that:

a rotation sensor that detects a rotation angle of
the motor is embedded in the heat sink.

9. The motor drive device for electric power steering
apparatus according to any one of claims 2 through
8, characterized in that:

the housing is made of resin either in part or in
whole.

10. The motor drive device for electric power steering
apparatus according to any one of claims 1 through
9, characterized in that:

the motor drive control unit has a connector to
electrically connect the motor and the switching
element; and
the connector extends in a radial direction of the
motor and an insertion direction thereof is the
radial direction of the motor.

11. The motor drive device for electric power steering
apparatus according to claim 1 or 2, characterized
in that:

the motor drive control unit is disposed on a far-
ther side from the gear when viewed from the
motor.

12. The motor drive device for electric power steering
apparatus according to claim 11, characterized in
that:

the heat sink is disposed on the side of the gear
in the motor drive control unit.

13. The motor drive device for electric power steering
apparatus according to any one of claims 1 through
10, characterized in that:

a housing of the gear is fixed to the screw holes
and a worm gear shaft forming the gear is con-
nected to the shaft of the motor.
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