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(54) Electric motor driven hydraulic pump

(57) This invention relates to improvements in elec-
tric motor driven pumps, for example of the type used
in hydraulic suspension systems for vehicles. In such a
pump, the casing (3) of the motor is extended to include
a chamber in which electronics can be housed. A lead-

frame assembly (12) is described which retains and con-
nects all the high power components. The casing may
be split in order to define a pump rotor sub-assembly (1)
and an electronics sub-assembly (2) which can be test-
ed separately and then joined together by the use of sim-
ple interconnections.
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Description

[0001] This invention relates to improvements in elec-
tric motor driven hydraulic pumps, for example of the
type used in hydraulic suspension systems for vehicles.
[0002] Known electrical motor driven hydraulic pumps
are controlled by electronic control units (ECUs) on
printed circuit boards (pcbs) which are connected to the
motor by some means. The space envelope of these is
not optimised and the best cost cannot be achieved due
to the need for providing a separate housing for the ECU
or pcb.
[0003] According to our invention in an electric motor
driven hydraulic pump the casing of the motor is extend-
ed to include a chamber in which electronics can be
housed.
[0004] Due to the limitation of space in the area of the
chamber, a lead-frame assembly may be implemented
that retains and connects all the high power compo-
nents, for example including a power-module of bare die
FETs.
[0005] The low power electronics may be mounted on
a pcb board which is mounted on and connected to the
lead-frame.
[0006] The low power electronics may be mounted on
a traditional FR4 pcb board which is mounted on and
connected to the lead-frame.
[0007] Conveniently the lead-frame also includes a
system connector moulded into it. The lead frame may
also include mouldings adapted to guide the connectors
of a stator assembly through the lead frame. The lead
frame may also include mouldings adapted to guide the
connectors of a stator assembly through the lead frame,
for connection to the bare die FETs Conveniently the
lead frame may include integrally moulded portions for
housing components of a three hall effect sensor.
[0008] A support frame may be provided which to-
gether with a closure lid covers the electronics of the
motor.
[0009] Our invention has the advantage of achieving
optimum space and conserving costs. It is not neces-
sary, in this construction, to provide a separate housing
for the electronics.
[0010] The casing may be constructed appropriately
to be split in order to define a pump rotor sub-assembly
and an electronics sub-assembly which can be tested
separately and then joined together by the use of simple
interconnections.
[0011] A clamping means may be provided for releas-
ably connecting the pump sub-assembly to the electron-
ics sub-assembly.
[0012] The clamping means may secure the support
frame to a cup shaped housing of the pump sub-assem-
bly.
[0013] The pump/rotor sub-assembly may comprise
a housing for a pump and a rotor assembly attached to
the pump and sealed by a can within the pump housing.
The pump sub-assembly may comprise a housing for a

pump and a rotor assembly attached to the pump and
sealed by a can within the pump housing. The electron-
ics sub-assembly may comprise a support frame, a lead
frame carrying power components, a printed circuit
board carrying electronic components and a closure
member. The electronic housing may further include the
motor stator windings which may be supported by the
support frame and converted to the lead frame. The
electronics sub-assembly may further include the motor
stator windings which may be supported by the support
frame and connected to the lead frame. On assembly,
the support frame may be introduced to the pump hous-
ing to place the stator around the rotor whereby the
pump, the stator and the electronics are sealed by the
pump housing, the support frame and the closure mem-
ber.
[0014] With our invention the motor with the pump and
the motor drive and control electronics is integrated into
a single case, preferably a single cast housing.
[0015] Two embodiments of our invention are illustrat-
ed in the accompanying drawings in which:-

Figure 1 is an end elevation of an electrical motor
driven hydraulic pump;

Figure 2 is a section on the line 2-2 of figure 1;

Figure 3 is a perspective view of the pump with part
of the casing removed for clarity;

Figure 4 illustrates two sub-assemblies comprising
the pump rotor assembly;

Figure 5 is an exploded view of part of Figure 4;

Figure 6 is an exploded view of a second embodi-
ment; and

Figure 7 is a cut-away version of the pump illustrat-
ed in Figure 6.

[0016] The electric motor driven hydraulic pump illus-
trated in Figure 1-5 of the accompanying drawings com-
prises two sub-assemblies 1 and 2. A first of the two
sub-assemblies is associated with a casting 3 of cup-
shaped outline and the second with a support frame 4
which are clamped together at adjacent ends by a cir-
cumferentially extending clamping band 5. The casting
3 defines a housing for the rotor of an electric motor 6
and a pump impeller 7. As illustrated the impeller 7 is
driven by a drive shaft 8 driven by the rotor 9 of the motor
and which is enclosed within a stainless steel can 10
which the stator 11 surrounds. The can is preferably
manufactured from a non-magnetic material preferably
stainless steel.
[0017] The open end of the casting 3 is closed by the
support frame 4 by the clamping action of the band 5 as
described above. The support frame is of die cast con-
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struction and defines a mounting for a lead frame 12,
the support frame 4 and the lead frame 12 include con-
necting paths from the motor to the electronics for con-
trolling operation of motor 6. The lead frame provides a
mounting for a circuit board 14 and also includes a con-
nector 13. The lead frame 12 also includes a moulded
bare die FET module indicated at 12' and integrally
moulded portions 12" housing a hall effect sensor. The
lead frame has additional mouldings 12"' each having
an opening through which respective connectors 11'
from the motor stator can pass to be joined with the FET
leads. The lead frame and electronics are enclosed
within an end cover 15.
[0018] The sub-assembly 1 is built by inserting a fur-
ther assembly comprising the pump impeller 7 and as-
sociated components, the shaft 8, the rotor 9, the pump
housing 16 and the can 10. The further assembly being
located within the housing 3 and then being secured with
a circlip. The completed sub-assembly 1 then forms a
stand alone sealed unit in which all the elements of the
pump can be hydraulically tested prior to final assembly
with the electronics.
[0019] The sub-assembly 2 is assembled by mount-
ing the board 14 carrying the electronics on the lead
frame 12 and then locating the connector 13 of the lead
frame through the opening 4' in the support frame 4.
Once mounted in this position the bare die FET module
is exposed on the side of the lead frame adjacent the
support member 4 such as to abut the spigot 4" on the
support member 4. A thermal compound may be applied
between the abutting surfaces.
[0020] The stator connectors 11' are inserted through
respective openings in the support frame 4 and the lead
frame 12 to be joined with the FET leads in known man-
ner. The support frame 4 is configured to support the
stator 11 in its final position on sub-assembly 2.
[0021] The final part of sub-assembly 2 is to mount
the cover 15 in place by way of a snap fit connection
with the edge of the lead frame 12. The completed sub-
assembly 2 then forms a stand alone unit in which the
electronics and stator can be tested prior to final assem-
bly with the pump assembly.
[0022] As the sub-assemblies 1 and 2 are brought to-
gether, the stator 11 of assembly 2 is assembled such
as to surround the can 10 of assembly 1. Finally, the
assembly is completed by securing the clamping band
5 in position to clamp mating faces of the casting 3 and
the lead frame 2 into engagement. In this final position,
it is notable that the bare die FET module on the lead
frame 12 is in contact with the support frame 4 as de-
scribed above, which serves to help dissipate heat.
[0023] The construction described above has the ad-
vantage that each of the two sub-assemblies 1 and 2
can be manufactured separately, and tested individually.
Each of the two sub-assemblies 1 and 2 can be manu-
factured at different locations and then both supplied to
the customer for final assembly, for example on a vehi-
cle during production. The two sub-assemblies can sim-

ply be assembled together and then clamped with mat-
ing faces in engagement as described above.
[0024] In the modified construction illustrated in Fig-
ures 6 and 7 the position of the circuit board 14 and the
mounting lead frame 12 are the same as for the embod-
iments Figure 1-5, but a separate FET module 17 is
used.
[0025] It will be appreciated that whilst the sub-as-
sembly 1 can be fully tested for hydraulic integrity in or-
der to test the rotor 9 a slave stator locked to a suitable
power source may be employed.
[0026] In an alternative embodiment (not shown) the
stator could be part of sub-assembly 1 and the electron-
ics alone would be a separate sub-assembly.

Claims

1. An electric motor driven hydraulic pump in which the
casing of the motor is extended to include a cham-
ber in which the electronics can be housed.

2. A pump according to claim 1 in which the pump is
provided with a lead-frame assembly (12) that re-
tains and connects all the high power components.

3. A pump according to claim 2 in which the high power
components comprise a power-module of bare die
FETs(12').

4. A pump according to claim 2 or claim 3 in which the
low power electronics are mounted on a pcb board
which is mounted on and connected to the lead-
frame (12).

5. A pump according to any one of claims 2 to 4 in
which the lead-frame (12) includes a single connec-
tor (13) moulded into it.

6. A pump according to any one of claims 2 to 5 in
which the lead-frame (12) includes mouldings
adapted to guide the connectors (11') of a stator as-
sembly (11) through the lead-frame (12).

7. A pump according to any one of claims 2 to 6 in
which the lead-frame (12) also includes integrally
moulded portions for housing components of a
three hall effect sensor.

8. A pump according to any previous claim in which a
support frame (4) is provided which, together with
a closure lid, covers the electronics of the motor.

9. A pump according to any previous claim in which
the casing is constructed appropriately to be split in
order to define a pump rotor sub-assembly (1) and
an electronics sub-assembly (2) which can be test-
ed separately and then joined together by use of
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simple interconnections.

10. A pump according to claim 9 in which a clamping
means (5) is provided for releasably connecting the
pump sub-assembly (1) to the electronics sub-as-
sembly (2).

11. A pump according to claim 10 when dependant on
claim 8 in which the clamping means (5) secures
the support frame (4) to a cup shaped housing (3)
of the pump sub-assembly (1).

12. A pump according to any one of claims 9 to 11 in
which the pump sub-assembly (1) comprises a
housing (3) for a pump, and a rotor assembly (9)
attached to the pump and sealed by a can within
the pump housing (3).

13. A pump according to any one of claims 9 to 12 in
which the electronics sub-assembly (2) comprises
a support frame (4), a lead frame (12) carrying pow-
er components (12'), a printed circuit board carrying
electronic components (14) and a closure member.

14. A pump according to claim 13 in which the electron-
ics sub-assembly (2) further comprises the motor
stator windings which may be supported by the sup-
port frame and connected to the lead-frame.

15. A pump according to claim 13 or 14 when depend-
ant on claim 12 in which the support frame is adapt-
ed to be, on assembly of the pump, introduced to
the pump housing (1) to place the stator (11) around
the rotor whereby the pump, the stator (11) and the
electronics are sealed by the pump housing, the
support frame (4) and the closure member.
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