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l. A composite housing for a rotary-valve
rack and pinion power steering gear, comprising:

a pinion housing portion fabricated from a
light-weight first metal;

a pinion bore formed in the pinion housing
portion, the pinion bore being aligned on a pinion
axis of the pinion housing portion:

a right circular cylindrical valve housing
portion fabricated from a second metal that is more ‘
dense and abrasion-resistant than the first metal;

a counterbore %~ormed in an end surface of
the pinion housing portion around an end of the
pinion bore, the counterbore providing an inner
cylindrical surface aligned on the pinion axis:

an injection moulding passage formed in the
pinion housing portion:

a first annular _roove formed in the inner
eylindrical surface of the counterbere and connected
to the injection moulding passage;
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an annular neck formed on the valve housing
portion and having an outer cylindrical surface:

a second annular groove formed in the outer
eylindrical surface of the valve housing portion, the
annular neck on the valve housing portion being
received in the counterbore in the pinion housing
portion with an interference press fit between the
inner cylindrical surface and the outer cylindrical
surface, and with the first annular groove
overlapping at least a portion of the second annular
groocve and co-operating therewith in defining an
annular ring chamber; and

in-situ injection-moulded retaining and
seal means in the passage means and in the ring
chamber forming a retaining ring redundantly
inhibiting withdrawal of the valve housing portion
from the pinion housing portion and sealing the
inter face between the inner and the outer cylindrical
surfaces.

3. A method of forming a composite housing
for a rotary-valve rack and pinion power steering
gear, comprising the steps of:

formir . pinion housing portion from a
light-weight first metal;

forming a pinion bore in the pinien housing
aligned on a pinion axis of the pinion housing
portion;

forming a right circular cylindrical valve
housing portion from a second metal that is more
dense and abrasion-resistant than the first metal;

forming a counterbore in an end surface of
the pinion housing portion around an end of the
pinion bore defining an inner cylindrical surface
aligned on the pinion axis;

forming arn injection moulding passage in
the pinion housing portion;

forming a first annular groove in the inner
cylindrical surface of the counterbore connected to
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the injection moulding passage;
forming an annular neck on the valve

housing portion having an outer cylindrical surface;
forming a second annular groove in the outer cylindrical
surface of the annular neck;

connecting the valve housing portion to the pinion
housing portion by press-fitting the annular neck into the
counterboré with an interference fit between the inner
cylindrical surface and the outer cylindrical surface, and
with the first annular groove overlapping at least a
portion of the second annular groove and co-operating
therewith in defining an annular ring chamber; and

in-situ injection-moulding a retaining and seal ring
in ‘the ring chamber, thereby redundantly inhibiting
withdrawal of the valve housing portion from the pinion
housing portion and sealing the interface between %he

inner and the outer cylindrical surfaces.
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ROTARY~VALVE RACK AND PINION
POWER STEERING GEAR HOUSING

This invention relates to a housing for an
automotive rack and pinion power steering gear as
specified in the preamble of claim 1.

In US-A-4 454 801 there is described a
rotary-valve rack and pinion power steering gear
having a single, one-piece die-cast aluminium outer
housing which supports a pinion shaft and the rotary
valve. One-piece die-cast outer housings are
attractive for minimising weight and maximising
manufacturing efficiency. However, for the purpose
of maximising resistance to abrasion by internal
moving parts, such as elements of the rotary valve,
and also minimising potential wall porosity around
the rotary valve, it would be desirable for the
portion of the housing around the rotary valve to be
fabricated from a more dense and abrasion-resistant
material, such as ferrous metal. For this purpose,
rotary-valve rack and pinion power steering gears
have been proposed which include separate,
bolted-together pinion and valve housings.

The present invention is concerned with
providing a composite housing fo~ an automotive rack
and pinion power steering gear which represents an
improvement over the prior bolted-together housings.

More specifically, the present invention is
concerned with providing a composite housing for an
automotive rack and pinion power steering gear which
is economical to manufacture and which has a valve
housing portion of a more dense and abrasion-
resistant metal than the remaining portions of the
steering gear housing.
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Accordingly, by the present invention there
is provided a composite housing for a rotary-valve
rack and pinion power steering gear, comprising:

a pinion housing portion fabricated from a
light-weight first metal;

a pinion bore formed in the pinion housing
portion, the pinion bore being aligned on a pinion
axis of the pinion housing portion:

a right circular cylindrical valve housing
portion fabricated from a second metal that is more
dense and abrasion-resistant than the first metal;

a counterbore formed in an end surface of
the pinion housing portion around an end of the
pinion bore, the counterbore providing an inner

cylindrical surface aligned on the pinion axis;

an injection moulding passage formed in the

pinion housing portion;

a first annular groove formed in the inner
cylindrical surface of the counterbore and connected
to the injection moulding passage;

an annular neck formed on the valve housing
portion and having an outer cylindrical surface;

a setond annular groove formed in the outer
cylindrical surface of the valve housing portion, the
annular neck on the valve housing portion'being
received in the counterbore in the pinion housing
portion with an interference press fit between the
inner cylindrical surface and the outer cylindrical
surface, and with the first annular groove
overlapping at least a portion of the second annular
groove and co-operating therewith in defining an
annular ring chamber; and

in-situ injection-moulded retaining and
seal means in the passage means and in the ring
chambér forming a retaining ring redundantly
inhibiting withdrawal of the valve housing portion

7

&
H
-
&
(3
Y
§
¥
4
i
4




g+ e g g e o

« &0
. L

* oo

o o0

> o

o o0
e o

LA LS
o
*

"

i

10

15

20

25

30

35

from the pinion housing portion and sealing the
interface between the inner and the outer cylindrical
sur faces.

The invention thereby makes available a new
and improved composite housing for a rotary-valve
rack and pinion power steering gear.

The new and improved composite housing
preferably includes a pinion housing portion
fabricated from a light-weight first material, such
as aluminium, and a valve housing portion fabricated
from a second, more dense and abrasion-resistant
material, such as ferrous metal, the pinion housing
portion and the valve housing portion being rigidly
connected together without the use of bolts by means
of an interference press fit which is sealed and
redundantly protected against failure by an in-situ
injection-moulded plastics retaining ring.

In a preferred embodiment of a power
steering gear housing in accordance with the present
invention, the pinion housing portion includes a
pinion bore aligned on an axis of the housing, and a
cylindrical counterbore around the pinion bore in an
end surface of the housing. The valve housing
portion is a right circular ¢ylinder having a neck at
one end which is pressed into the counterbore to
rigidly and non-rotatably connect the valve housing
portion to the pinion housing portion:
Injection-moulding passages in the pinion housing
portion connect to a first annular groove in the
inner cylindrical surface af the counterbore. 2An
annular groove in the facing surface of the neck of
the valve housing portion overlaps the annular groove
in the pinion housing portion and co-operates
therewith in defining an annular ring chamber.
Curable plastics material is injected into the ring
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chamber through the moulding passages, and when cured
operates as a retaining ring and seal which
redundantly prevents‘separation of the valve housing
portion from the pinion housing portion and also

5 inhibits migration of moisture and contamination into
the 1nterlor of the steerlng gear.

An inner cyllndrlcal surface on the neck of
the valve housing portion supports a sleeve bearing
which provides intermediate support for the pinion

10 shaft.

By the present invention there is also

provided a method of forming a composite housing for

“eet o a rotary-valve rack and pinion power steering gear,
L;':- comprising the steps of:

% & 15 forming a pinion housing portion from a

® L2 J

censal light-weight first metal;

L ] [ ]

forming a-pinion bore in the pinion housing

aligned on a pinion axis of the pinion housing

telle portion; !
e®e”" 20 forming a right circular cylindrical valve
v housing portion from a second metal that is more
st dense and abrasion-resistant than the first metal;
' forming a counterbore in an end surface of ,
the pinion housing portion around an end of the i
32‘:. 25 pinion bore defining an inner cylindrical surface %
§
¥

aligned on the pinion axis;
forming an injection moulding passage in
the pinion housing portion; 4
forming a first annular groove in the inner
30 cylindrical surface of the counterbore connected to
the injection moulding passage;
forming an amnular neck on the valve

housing portion having an outer cylindrical surface;
forming a second annular groove in the
35 outer ¢ylindrical surface of the annular neck:;
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connecting the valve housing portion to the
pinion housing portion by press-fitting the annular
neck into the counterbore with an interference fit
between the inner cylindrical surface and the outer
cylindrical surface, and with the first annular
groove overlapping at least a portion of the second
annular groove and co-operating therewith in defining
an annular ring chamber; and

in-situ injection-moulding a retaining and
seal ring in the ring chamber, thereby redundantly
inhibiting withdrawal of the valve housing portion
from the pinion housing portion and sealing the
interface‘between_the'inner and the outer cylindrical
sur faces.

In the drawing:

Figure 1 is a partially broken-away
perspective view of a rotary-valve rack and pinion
power steering gear having a preferred embodiment of
a composite housing in accordance with the present
invention; and

Figure 2 is an enlarged sectional view,
with parts in elevation, generally along the plane
indicated by the line 2-=2 in Figure 1, in the
direction of the arrows.

With reference now to Figure 1 of the
drawing, a rotary-valve automotive rack and pinion
power steering gear 10 is illustrated and described

N

herein only to the extent necessary to establish the
environment of the composite housing in accordance
with the present invention, the steering gear 10
itself being described in detail in the aforesaid
Us-A-4 454 801.

As is shown in Figure 1 of the drawing, the
steering gear 10 .includes a power cylinder 12
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together with a composite housing 14 in accordance

with the present invention. The power cylinder 12 is

part of a power-assist fluid motor of the steering

gear, the fluid motor further including a piston 16

slidable in the power cylinder 12 and a piston rod 18

rigidly connected to the piston 16. The piston 16

divides the internal volume of the power cylinder 12

into a pair of variable-volume working chambers 20

and 22. The power cylinder 12 is rigidly attached to

the left-hand end of a tubular rack guide section 24

of a pinion housing portion 26 of the composite

housing 14. The pinion housing portion 26 is
fabricated of a light-weight, easily die-cast

material such as aluminium. The right-hand end of

the piston rod 18 is rigidly connected to the

left-hand end, not shown, of a steering rack 28

having an array of rack teeth 30 thereon. The

steering rack 28 is supported in the rack guide

section 24 for translation in a direction
longitudinally of the rack guide section.
As is seen in Figures 1 and 2 of the

drawing, the rack guide section 24 is an integral

extension of the pinion housing portion 26, which

further includes a main body 32 defining a pinion

axis 34. The main body 32 has a pinion bore 36

therein aligned on the axis 34. The pinion bore 36

extends between an upper end surface 38 of the

main

body 32 and a lower end surface 40 thereof. The
steering rack 28 crosses and partially overlaps the
pinion bore 36. An adjuster plug 42 is slidably
disposed in an appropriate bore in the main body

behind the steering rack 28 and, under the urging of
a spring 44, biases the steering rack towards the

pinion bore 36. The main body 32 is enlarged

adjacent the upper end surface 38 thereof to provide
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sufficient material for a cylindrical counterbore 46
in the end surface 38 around the pinion bore. The :
counterbore 46 defines an inner cylindrical surface .
48 aligned on the axis 34.

The composite housing 14 further includes a
rotary valve housing portion 50. The valve housing
portion 50 is fabricated as a right circular cylinder
from a more dense and abrasion-resistant material,
such as ferrous metal, than the material of the
pinion housing portion 26. The valve housing portion
50 has a cylindrical wall 52 which terminates at one
end in an annular neck 54. The wall 52 has a
machined inner surface 56, and the neck 54 has a
machined outer surface 58 and a concentric machined
inner surface 60. The valve housing portion 50 is
aligned on the axis 34, and the neck 54 is
press-fitted into the counterbore 46 until a shoulder
on the valve housing portion 50 at the end of the
neck 54 abuts the upper end surface 38 on the pinion
housing portion 26. The diameter of the outer
surface 58 exceeds the diameter of the inner surface
48 of the counterbore 46 by a predetermined amount
sufficient to ensure maintenance of an interference
fit between the two housing portions at all
anticipated operating temperatures of the steering
gear 10.

A pinion shaft 62, having a plurality of
pinion gear teeth 64 thereon, is supported on both
the pinion housing portion 26 and the valve housing
portion 50 for rotation about the pinion axis 34.

The pinion gear teeth 64 mesh with the rack teeth 30
on the steering rack 28. The pinion shaft 62 is
supported at one end on the pinion housing portion 26
by means of a ball bearing 66, and is supported at
the other end on the valve housing portion 50 by
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means of a sleeve bearing 68 on the inner surface 60
of the neck 54. )

A stub shaft 70 is aligned on the pinion
axis 34 and is supported on the valve housing portion
50 for rotation about the pinion axis by means of a
bearing 72 on a ring 73 seated against the inner
surface 56 of the wall 52. A torsion rod 74 is
disposed within the stub shaft and has one end
rigidly connected to the stub shaft outside the valve
housing portion 50 and the other end spline-connected
at 76 to the pinion shaft 62.

A rotary valve 78 is disposed in the valve
housing pdrtion 50, and includes a valve sleeve 80
rotatable about the axis 34 relative to the inner
cylindrical surface 56 of the valve housing portion.
The valve sleeve 80 is connected to the pinion shaft
62 by way of a radial pin 82, shown in Figure 2,
whereby the valve sleeve rotates as a unit with the
pinion shaft. The valve sleeve 80 has a plurality of
outer grooves 84 facing the inner cylindrical surface
56, and the grooves 84 are flanked by a corresponding
plurality of seal rings 86 disposed in appropriate
grooves in the valve sleeve and slidably engaging the
inner cylindrical surface 56 of the valve housing
portion 50.

As is best seen in Figure 2, an innermost
end 88 of the stub shaft 70 within the valve housing
portion 50 projects into an annular flange 90 on the
adjoining end of the pinion shaft 62. A lost-motion
connection 92 is established between the innermost
end 88 and the flange 90 to permit limited rotation
of the stub shaft relative to the pinion shaft 62 but
to interconnect the two in the event that relative
rotation exceeds a predetermined inc¢luded angle.

In addition, the innermost end 88 of the
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stub shaft is rotatably journalled on a cylindrical
end 94 of the torsion rod 74 within the stub shaft by
means of a sleeve bearing 98.

An outer surface 100 of the stub shaft 70
within the valve housing portion operates as the
spool of the rotary valve 78, and to that end has a
plurality of axially extending grooves 102 therein
which co-operate with a corresponding plurality of
internal grooves 104 in the sleeve to selectively
pressurise and exhaust the working chambers 20 and 22
of the fluid motor by way of a pair of conduits 106,
shown in Figure 1, which extend between the power
cylinder 12 and appropriate fittings, not shown, on
the valve housing portion 50.

The dense and abrasion-resistant material
from which the valve housing portion 50 is fabricated
resists abrasion by the valve sleeve 80 and the seal
rings 86, and has superior porosity characteristics
which render the valve housing portion virtually
impermeable to the pressurised fluid around the
rotary valve 78 throughout the service life of the
power steering gear 10.

As is best seen in Figure 2, the main body
32 of the pinion housing portion 26 has a plurality
of radially extending injection-mouldirig passages
therein, only a single passage 108 being illustrated
in Figure 2, which passages communicate with a first
annular groove 110 in the inner cylindrical surface
48 of the counterbore 46. A second annular groove
112 in the outer ¢ylindrical surface 58 on the neck
54 of the valve housing portion 50 faces and overlaps
the first annular groove 110. The first and second
annular grooves 110 and 112 co-operate to form a
hollow annular ring chambefs A quantity of curable
plastics material 114, such as polyamide material
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(nylon), is injecied under pressure into the moulding
passages 108 and into the ring chamber. After
curing, this material forms a retaining ring 116
between the pinion housing portion 26 and the valve
housing portion 50. The retaining ring 116 operates
as a back-up for the interference fit between the
pinion housing portion 26 and the valve housing
portion 50, to prevent relative separation of these
two.

In addition, because the injected material
is forced into intimate contact with all surfaces
defining the ring chamber, the retaining ring 116
also acts as a moisture and contamination-inhibiting
seal at the interface between the inner cylindrical
surface 48 of the counterbore 46 on the pinion
housing portion 26 and the outer cylindrical surface
58 on the neck 54 of the valve housing portion 50.

Finally, because the injected material
interlocks with surface irregularities in the groove
112, due to shrinkage during cure, the retaining ring
116 functions as a redundant anti-rotation lock
between the valve housing portion 5C and the pinion
housing portion 26.

To summarise, therefore, in the described
embodiment of a housing for a rotary-valve rack and
pinion power steering gear in accordance with the
present invention a composite housing (14) of the
steering gear comprises a pinion housing portion (26)
made of a first metal such as aluminium and a
rotary-valve housing portion (50) made of a more
dense metal such as ferrous metal. The valve housing
portion has a neck pressed into a bore in the pinion
housing portion, with facing grooves (112 to 114) in
the valve housing portion and the pinion housing
portion respectively being filled with an
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injection-moulded plastics retaining ring (116) that

acts as a retainer and a seal.
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The claims defining the invention are as follows:

1. A composite housing for a rotary-valve
rack and pinion power steering gear, comprising:
a pinion housing portion fabricated from a
light-weight first metal;

5 a pinion bore formed in the pinion housing
portion, the pinion bore being aligned on a pinion
axis of the pinion housing portion;

a right circular cylindrical valve housing
portion fabricated from a second metal that is more

10 dense and abrasion-resistant than the first metal;

. a counterbore formed in an end surface of

. the pinion housing portion around an end of the

. pinion bore, the counterbore providing an inner
cylindrical surface aligned on the pinion axis;

15 an injection moulding passage formed in the
pinion housing portion:

.

a first annular groove formed in the inner

-
. e

RN cylindrical surface of the counterbore and connected

to the injection moulding passage;
et 20 an annular neck formed on the valve housing

'3

portion and having an outer cylindrical surface;

a second annular groove formed in the outer

EE P WA

2% cylindrical surface of the valve housing portion, the
annular neck on the valve housing portion being
25 received in the counterbore in the pinion housing
portion with an interference press fit between the
inner cylindrical surface and the outer cylindrical

surface, and with the first annular groove

73

SR ST R L N )

overlapping at least a portion of the second annular
30 groove and co-operating therewith in defining an
annular ring chamber; and
in-situ injection-moulded retaining and
seal means in the passage means and in the ring
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chamber forming a retaining ring redundantly
inhibiting withdrawal of the wvalve housing portion
from the pinion housing portion and sealing the
interface between the inner and the outer cylindrical
sur faces.

2. A composite housing according to claim
1, in which the annular neck on the valve housing
portion includes an inner cylindrical surface that is
aligned on the pinion axis when the annular neck is
received in the counterbore, and forms a bearing
support for a pinion shaft of the rack and pinion
steering gear in the pinion housing portion.

3. A method of forming a composite housing
for a rotary-valve rack and pinion power steering
gear, comprising the steps of:

forming a pinion housing portion from a
light-weight first metal;

forming a pinion bore in the pinion housing
aligned on a pinion axis of the pinion housing
portion;

forming a right circular cylindrical valve
housing portion from a second metal that is more
dense and abrasion-resistant than the first metal;

forming a counterbore in an end surface of
the pinicn housing portion around an end of the
pinion bore defining an inner cylindrical surface
aligned on the pinion axis;

forming an injection moulding passage in
the pinion housing portion;

forming a first annular groove in the inner
cylindrical surface of the counterbore connected to
the injection moulding passage:;

forming an annular nec¢k on the valve
housing portion having an outer cylindrical surface;
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forming a second annular groove in the outer cylindrical
surface of the annular neck;

connecting the valve housing portion to the pinion
housing portion by press-fitting the annular neck into the
counterbore with an interference fit between the inner
cylindrical surface and the outer cylindrical surface, and
with the first annular grcove overlapping at least a
portion of the second annular groove and co-operating
therewith in defining an annular ring chamber; and

in-situ injection-moulding a retaining and seal ring
in the ring chamber, thereby redundantly inhibiting
withdrawal of the valve housing portion from the pinion
housing portion and sealing the interface between the
inner and the outer cylindrical surfaces.
4. A composite housing for a rotary-valve rack and
pinion power steering gear according to claim 1,
substantially as herein described with reference to the
accompanying drawing .
5. A method of forming a composite housing for a
rotary-valve rack and pinion power steering gear according
to claim 3, substantially as herein described with
reference to the accompanying drawing.
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