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(54) Rack and pinion gear

(567) In a rack and pinion gear as-
sembly, the rack bar 2 is substan-
tially T-shaped in lateral section for
roll stabilisation of the rack bar. The
cross bar of the T-shape provides a
head portion 2b and the stem of
the T-shape a rail portion 2a which
rail portion is adapted to slide longi-
tudinally in a recess in a non-rotata-
ble bearing means 8 of the gear
assembly. Preferably the bearing
means is in the form of a saddle. In
the recess of the saddle an end
surface of the rail portion remote
from the head portion is in contact
with the saddle and transversely ex-
tending side surfaces 2¢, of the
head portion 2b are not in contact
with the saddle 8 when the rack bar
is not under load, the side surfaces
being adapted to contact the saddle
when the rack bar is under load.
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SPECIFICATION
Rack and pinion gear assembly

TECHNICAL FIELD

The invention relates to rack and pinion gear
assemblies, particularly to those which com-
prise a longitudinally extending rack bar
which is longitudinally displaceable in a pi-
nion housing and a pinion rotatably mounted
in the housing and engaging an array of teeth
on the rack bar so that upon rotation of the
pinion the rack bar is displaced longitudinally
relative to the housing. Such rack and pinion
gear assemblies are defined herein as ‘of the
kind specified’. Such rack and pinion assem-
blies are commonly found in a vehicle steering
system.

PRIOR ART

Rack and pinion assemblies are known in
which there is a rack bar comprising a profiled
portion which mates with support means for
the rack bar to alleviate lateral movement of
the rack (that is movement in the general
direction of the axis about which the pinion
rotates); however such support means do not
alleviate the problem of rack bar roll where
the rack bar has a tendency to rotate about its
longitudinal axis.

STATEMENT OF INVENTION AND ADVAN-
TAGES

To alleviate the problem of rack bar roll
there is provided according to the invention a
rack and pinion gear assembly having a rack
bar, at least part length of which is substan-
tially T-shaped in lateral section whereby the
cross bar of the T-shape provides a head
portion and the stem of the said T-shape
provides a rail portion adapted to provide a
roll stabilising facility and in which the array
of teeth on the rack bar is located on the face
of the head portion which is on the side
thereof remote from rail portion and wherein
the rack bar engages with and is longitudi-
nally slidable relative to a non-rotatable bear-
ing means mounted in the pinion housing
which bearing means is located on the side of
the rack bar remote from the pinion to engage
the rail portion and restrains the rack bar
against lateral displacement whereby its teeth
are maintained in engagement with those of
the pinion.

Preferably in a rack and pinion gear assem-
bly according to the invention the bearing
means is located substantially in lateral
alignment with the region of engagement be-
tween the rack and pinion teeth. More prefer-
ably the bearing means engages with the rack
bar to restrain rotational movement of the rack
bar about its longitudinal axis relative to the
pinion housing.

Further in a rack and pinion gear assembly
according to the invention the bearing means

may resiliently bias the rack bar to urge the
teeth into engagement with those of the pi-
nion.

Preferably in a rack and pinion gear assem-

70 bly according to the invention the bearing
means is in the form of a saddle member
which straddles the rail portion of the rack
bar. More preferably the saddle member sli-
dably engages the rail portion on the end face

75 thereof, located at the end of the stem of the
‘T’ shaped section remote from the head
portion and the saddle member also slidably
engages the head portion on faces thereof
which are located on opposite sides of the rail

80 portion and are on the side of the head

portion remote from the rack teeth. Usually

clearance is provided between the saddle
member and the longitudinally extending op-
posed side faces of the stem portion which
are adjacent to end faces thereof. The saddle
member may be restrained from displacement
relative to the pinion housing by key engage-
ment therewith.

The saddle member is preferably of a resil-
ient material and the keyed engagement com-
prises mating projections and recesses co-
operation between which is effected by snap
engagement of the saddle member with the
pinion housing.

95 A rack and pinion gear assembly according
to the invention may furthermore include to-
wards one end a part length of rack bar which
is externally screw threaded.

85

90

100 SPECIFIC DESCRIPTION
An embodiment of the invention will now
be illustrated by way of example only with
reference to the accompanying drawing in
which:—
Figure 1is a cross section through a gear
assembly according to the invention;
Figure 2 is a plan of the rack bar of the
gear assembly of Fig. 1;
Figure 3 is a cross section through A-A as
110 shown in Fig. 2;
Figure 4 shows a modification of the rack
bar of the gear assembly of Fig. 2 through A-
A;
Figure 5 is a cross section through B-B of
115 Fig. 2;
Figure 6 is a cross section through C-C of
Fig. 2;;
Figure 7 is a cross section showing a modi-
fication of the yoke of the gear assembly of
120 Fig. 1, and
Figure 8 is a cross section showing a modi-
fication of the gear assembly of Fig. 7.
In Fig. 1 a rack and pinion assembly accor-
dig to the invention is shown having a pinion
125 1 rotatably mounted on bearings 4 in a hous-
ing 3. The pinion 1 is rotatable by means of
an input shaft 5 which may be connected to a
conventional steering column.
The pinion 1 engages a rack bar 2, which
130 rack bar 2 moves along the longitudinal axis

105
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of the rack bar 2 in response to rotation of the
pinion, by engagement with the pinion 1 of a
rack 6 to the rack bar 2. The rack bar
comprises two portions, a rail portion 2a and
a head portion 2 b which together form a
substantially T-shaped cross section of the
rack bar 2. An end surface 2d of the rail
portion 2ais in contact with a resilient saddle
member on yoke 8. Transversely extending
side surfaces 2c of the head portion are
however not in contact with the yoke 8 when
the rack bar 2 is not under load, but when a
load is applied to the rack bar 2 the rail
portion 2ais pressed down into the yoke 8 so
surface 2c contacts the yoke 8. Rail portion
2ais adapted to move within a cavity 7
formed within the yoke 8, the yoke 8 fixedly
positioned in the housing 3, the rail portion

2 a being in slidable contact with the walls of
yoke 8. The cavity 7 runs substantially paral-
lel with the longitudinal axis of the rack bar 2
and allows the rail portion 2a, in slidable
contact with the walls of yoke 8, to run freely
along the longitudinal axis of the rack 2
within the cavity 7 but impairs any rotation of
the rack bar about said longitudinal axis.
Therefore, a roll stabilising facility results due
to the rail portion 2a contacting the wall of
the yoke, which wall defines the cavity 7, so
impairing rotation of the rack bar 2 abouts its
longitudinal axis.

Fig. 2 shows a plan view of the rack bar 2,
showing the length of the head portion 2 b of
rack bar 2, and showing rack 6. The distance
that rack 6 extends is preferably defined by
the two maximum displacements along longi-
tudinal axis of the rack bar 2 that the rack bar
2 can perform. Therefore the rack 6 extends
from a position in which the rack 6 engages
the pinion 1 at one maximum displacement to
a position in which the rack 2 engages the
pinion 1 at the other maximum displacement.
An external thread 6a is provided to allow the
rack bar 2 towards one end of the rack bar 2
to be capable of being attached to a universal
point and so incorporated into a steering
column apparatus in a conventional manner.

Figs. 3 to 6 show various cross sections
taken across rack bar 2 of Fig. 2.

In Figs. 3 and 4 a cross section is taken
along A—A and shows the rack bar 2, with the
rail portion 2 a within the cavity 7. As can be
seen the rail portion 2a contacts the walls of
the yoke 8 which define the cavity 7. Fig. 3
differs from Fig. 4 in that the shape of the rail
2aand the head 2b are different.

In Fig. 5 a cross section is taken along B-B
and shows the rack 6 attached to head 2b on
the side of rack bar 2 remote from the rail
portion 2a. This is due to B-B being taken
across a portion of rack bar 2 within the
distance defined by the two maximum dis-
placement positions of the rack bar 2 which
engage the pinion 1 at the two maximum
longitudinal displacements of the rack bar 2

along its longitudinal axis. The walls of yoke 8
define a cavity 7 and the rack bar 2 can be
seen to engage the wall to impair rotation of
the rack bar 2 about its longitudinal axis.

In Fig. 6 a cross section is taken along
C-C. The rack bar 2 does not have rack 6
extending in this portion. However, an exter-
nal screw thread 6 a is located around the rail
portion 2a and the head portion 2b of rack

75 bar 2, so that the rack bar may be attached to
a universal joint for incorporation of the rack
bar 2 into a steering column apparatus.

Fig. 7 shows a modification of the yoke 8
in the housing 3. In this modification protru-

80 sions on dimples 22 from the yoke 8 are
provided to enter openings in the housing 3
in order to retain the yoke 8 made of acetal
preferably firmly in position in the housing 3
and alleviate the possibility of the yoke 8

85 turning about the axis of the rack bar in the
housing 3. If the yoke 8 turns in the cavity of
the housing the cavity 7 of Fig. 1 will cause
the rail portion to be displaced about the
rotational axis of the rack and therefore the

90 rack 6 of the rack bar 2 will be unaligned and
cause stress and possible breakage of the rack
6 when engaging with the pinion. The protru-
sions 22 may be snap fitted into the openings
in the housing 3. The cavity 7 restrains rail

95 portion 2a from rotational movement the rail
portion being slidably movable along the
length of the rack bar in the cavity 7. The
depth of the rail portion 2ais such that when
surface 2d contacts a surface of the yoke 8,

100 usually when the rack bar 2 is under load, the
depth of the rail portion 2ais such that
surfaces 2 ¢ do not contact the adjacent sur-
faces of yoke 8. Yoke 8 is modified to include
a back portion 24 which has been scailopped

105 to allow resistance to be imparted to the yoke
8 so as to receive the rail portion 2a when
pressed down into the yoke 8.
~ In the modification shown in Fig. 8 the
yoke 8 is resilient so as to allow the rail

110 portion 2ato be pressed into the yoke 8
which comprises two layers 8a and 8b. Layer
8a should be formed of a good wearing
material for example acetal and layer 8 b with
dimple 22 should have good resilience prop-

115 erties for example rubber.

70

CLAIMS (11 Dec 1978)
1. A rack and pinion gear assembly of the
kind specified in which at least part length of
120 th rack bar is of substantially *“T"" shape in
lateral section whereby the cross bar of said
“T'" shape provides a head portion and the
stem of said “'T"" shape provides a rail portion
and in which the array of teeth on the rack
125 bar are located on the face of the head
portion which is on the side thereof remote
from the rail portion and wherein the rack bar
engages with, and is longitudinally slidable
relative to, non-rotatable bearing means
130 mounted in the pinion housing which bearing
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means is located on the side of the rack bar pinion housing.
remote from the pinion to engage the rail 12. An assembly as claimed in any one of
portion and restrain the rack bar against the preceding claims, in which the opposed
lateral displacement whereby its teeth are side faces of the head portion which are

5 maintained in engagement with those of the 70 adjacent to the face of that portion on which
pinion. are located the rack teeth, and also the end
2. A gear assemby as claimed in claim 1 face of the rail portion which is located at the
in which the bearing means includes a portion end of the stem of the "'T'" shape section
of resilient material. remote from the head portion, are the convex

10 3. An assembly as claimed in either claim 75 profiles.

1 or claim 2 in which the bearing means is 13. An assembly as claimed in claim 12
located substantially in lateral alignment with in which said convex profiles are substantially
the region of engagement between the rack part cylindrical and are located in the surface
and pinion teeth. of a common notional cylinder the axis of

15 4. An assembly as claimed in claim 1, 80 which extends longitudinally.
claim 2 or claim 3 in which the bearing 14. An assembly as claimed in claim 13
means engages with the rack bar to restrain in which at least one longitudinal end part
rotational movement of the rack bar about its length of the 'T"" shape section of the rack
longitudinal axis relative to the pinion hous- bar is externally screw threaded.

20 ing. 85 15. An assembly as claimed in any one of

5. An assembly as claimed in any one of the preceding claims in which the part length
the preceding claims in which the bearing of the rack bar of substantially “'T"" shape in
means resiliently biases the rack bar to urge lateral section is manufactured by extrusion.
its teeth into engagement with those of the 16. An assembly as claimed in any one of

25 pinion. 90 the preceding claims in which at least one

6. An assembly as claimed in any one of longitudinal end of the rack bar is of a section
the preceding claims in which the bearing other than said ‘T’ shape section and that
means is in the form of a saddle member end is connected to the “T'’ sectioned part
which straddles the rail portion of the rack length of the rack bar by welding. .

30 bar. 95 17. A gear assembly as claimed in any

7. An assembly as claimed in claim 6, in one of the preceding claims in which the
which the saddle member slidably engages saddle member has protrusions which enter
the rail portion on the end face thereof, which openings in the housing of the assembly for
is located at the end of the stem of the "'T" restraining the yoke from rotational movement

35 shape section remote from the head portion 100 in a direction about the axis of the rack bar.
and also slidably engages the head portion on 18. A gear assembly as claimed in claim
faces thereof which are located on opposite 17 in which the protrusions are adaptd to be
sides of the rail portion and are on the side of snap fitted into openings in the housing.
the head portion remote from the rack teeth. 19. A gear assembly as claimed in any

40 8. An assembly as claimed in claim 7 in 105 one of the preceding claims in which the back
which clearance is provided between the sad- portion of the saddle member between the
dle member and the longitudinally extending housing and the yoke and remote from the
opposed side faces of the stem portion which recess is scallopped.
are adjacent to the end face thereof. 20. A gear assembly as claimed in any

45 9. An assembly as claimed in any one of 110 one of the preceding claims in which the
claims 6 to 8, in which the saddle member is saddle member comprises two material por-
restrained from displacement relative to the tions, the first portion being of resilient
pinion housing by keyed engagement - material and the second portion being the
therewith. portion defining the recess in the saddle mem-

50 10. A gear assembly as claimed in any 115 ber through which the rail portion passes,
one of claims 6 to 9 in which the rail portion being of hard wearing material.
has an end surface remote from the head 21. A gear assembly substantially as her-
portion in contact with the saddle member ein described with reference to the accompa-
and the head portion has transversely extend- nying illustrative drawings.

55 ing side surfaces adjacent to the saddle mem- 120 22. A rack and pinion gear assembly in-
ber not in contact with the saddle member cluding a gear assembly substantially as her-
when the rack bar is not under load but ein described with reference to the accompa-
adapted to contact the saddle member when nying illustrative drawings.
the rack bar is under load. C

60 11. An assembly as claimed in claim 9 or 125 CLAIMS (16 Nov 1979)
claim 10, in which the saddle member is of 1. A rack and pinion gear assembly of the
resilient material and the keyed engagement kind specified in which
comprises mating projections and recesses co- at least part length of the rack bar is of
operation between which is effected by snap substantially *'T’" shape in lateral section

65 engagement of the saddle member with the 130 whereby the cross bar of said ‘T’ shape
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provides a head portion and the stem of said contact with the saddle member and the
"“T'* shape provides a rail portion, shoulder portions are two transversely extend-

the array of teeth on the rack bar is located ing side surfaces adjacent to the saddle mem-
on a front face of the head portion which front ber but not in contact with the saddle member

5 face is on the side thereof remote from the rail 70 when the rack bar is not under load but
portion, and the head portion forms with the adapted to contact the saddle member when
rail portion transversely extending shoulder the rack bar is under load.
portions which are partly defined by a rear 11. An assembly as claimed in Claim 9 or
face said rear face being substantially parallel Claim 10, in which the saddle member is of

10 with the front face, and 75 resilient material and the keyed engagement

the rack bar engages with, and is longitudi- comprises mating projections and recesses co-
nally slidable relative to, non-rotatable bearing operation between which is effected by snap
means mounted in the pinion housing which engagement of the saddle member with the
bearing means is located on the side of the pinion housing.

15 rack bar remote from the pinion to abut the 80 12. An assembly as claimed in any one of
shoulder portions of the rear face of the rail the preceding claims, in which the opposed
portion and restrains the rack bar against side faces of the hear portion which are
lateral displacement whereby its teeth are adjacent to the face of that portion on which
maintained in engagement with those of the are located the rack teeth, and also the end

20 pinion. 85 face of the rail portion which is located at the

2. A gear assembly as claimed in claim 1 end of the stem of the ‘T’ shape section
in which the bearing means includes a portion remote from the head portion, are the convex
of resilient material. profiles.

3. An assembly as claimed in either claim 13. An assembly as claimed in Claim 12,

25 1 or claim 2 in which the bearing means is 90 in which said convex profiles are substantially
located substantially in lateral alignment with part cylindrical and are located in the surface
the region of engagement between the rack of a common notional cylinder the axis of
and pinion teeth. which extends longitudinally.

4. An assembly as claimed in claim 1, 14. An assembly as claimed in Claim 13,

30 claim 2 or claim 3 in which the bearing 95 in which at least one longitudinal end part
means engages with the rack bar to restrain length of the ““T’’ shape section of the rack
rotational movement of the rack bar about its bar is externally screw threaded.
longitudinal axis relative to the pinion hous- 15. An assembly as claimed in any one of
ing. the preceding claims, in which the part length

35 5. An assembly as claimed in any one of 100 of the rack bar of substantially “'T’" shape in
the preceding claims in which the bearing lateral section is manufactured by extrusion.
means resiliently biases the rack bar to urge 16. An assembly as claimed in any one of
its teeth into engagement with those of the the preceding claims in which at least one
pinion. longitudinal end of the rack bar is of a section

40 6. An assembly as claimed in any one of 105 other than said “'T’" shape section and that
the preceding claims in which the bearing end is connected to the “‘T’" sectioned part
means is in the form of a saddle member length of the rack bar by welding.
which straddles the rail portion of the rack 17. A gear assembly as claimed in any
bar. one of the preceding claims in which the

45 7. An assembly as claimed in Claim 6, in 110 saddle member has protrusions which enter
which the saddle member slidably engages openings in the housing of the assembly for
the rail portion on the end face thereof, which restraining the yoke from rotational movement
is located at the end of the stem of the "'T"" in a direction about the axis of the rack bar.
shape section remote from the head portion 18. A gear assembly as claimed in claim

50 and also slidably abuts the head portion on 115 17 in which the protrusions are adapted to be
the shoulder portions of the rear face. snap fitted into openings in the housing.

8. An assembly as claimed in claim 7 in 19. A gear assembly as claimed in any
which clearance is provided between the sad- one of the preceding claims in which the back
dle member and the longitudinally extending portion of the saddle member between the

55 opposed side faces of the stem portion which 120 housing and the yoke and remote from the
are adjacent to the end face thereof. recess is scallopped.

9. An assembly as claimed in any one of 20. A gear assembly as claimed in any
claims 6 to 8, in which the saddle member is one of the preceding claims in which the
restrained from displacement relative to the saddle member comprises two material por-

60 pinion housing by keyed engagement 125 tions, the first portion being of resilient
therewith. material and the second portion being the

10. A gear assembly as claimed in any portion defining the recess in the saddle mem-
one of claims 6 to 9 in which the rail portion ber through which the rail portion passes,
has an end surface remote from the rear face being of hard wearing material.

65 of the head portion, the end surface being in 130 21. A gear assembly substantially as her-
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ein described with reference to the accompa-
nying illustrative drawings.

22. A rack and pinion gear assembly in-
cluding a gear assembly substantially as her-
ein described with reference to the accompa-
nying illustrative drawings.
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