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(57) Abstract: A rack (20) for a rack and pinion steering system (10) includes a fully dense powder metal rack tooth section (50)
joined, by sintering, to a hollow rack tube (30). The rack tooth section (50) is formed by pressing powder metal (70) into a die
assembly (60) having internal rack tooth forms (68). The rack tube (30) and the pressed powder metal (70) are sintered to complete

formation of the rack (20).
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RACK GEAR AND METHOD OF MAKING SAME

Background of the Invention

Technical Field

The present invention relates to a rack gear and,
more specifically, to a rack gear for a rack and pinion

steering system.

Description of Related Art

Both manual and power assisted vehicle steering

systems have used rack and pinion gears in a known

manner. The rack gear is typically formed on an elongate

member that 1s connected at opposite ends with vehicle
steering linkage, such as tie rods. It is desirable to
minimize the weight of the elongate member in order to
minimize the weight of the steering system, while still
preserving the strength of the elongate member. U. S.

Patent No. 4,133,221 discloses a method of making a
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hollow rack gear by pressing together dies on opposite
sides of a tubular member to form rack teeth on the

tubular member.

Summary of the Invention

The present invention is a method of forming a rack
for a rack and pinion steering system. The method
comprises the steps of:

providing a hollow tube having an axis, a first
end portion, and a second end portion, the second end
portion of the tube being adapted for connection with
first vehicle steering linkage, such as a first tie rod,
the first end portion being open;

closing a die assembly on the open first end
portion of the tube to form a die cavity extending
axially from the first end portion of the tube, the die
assembly having internal rack tooth forms;

placing a quantity of powder metal in the die
assembly and tube so that a first part of the powder
metal extends into the open first end portion of the tube
and a second part of the powder metal extends outward
from the first end portion of the tube in the die cavity:;

compressing the powder metal in the die cavity

and in the first end portion of the tube to form a fully
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dense powder metal rack tooth section of the rack, the
rack tooth section having a plurality of external rack
teeth formed by the internal rack tooth forms of the die
assembly; and

sintering the powder metal rack tooth section
of the rack.

The method may also comprise the additional step of
locating a mandrel inside the powder metal in the die
assembly to provide the rack tooth section with a hollow
configuration. The sintering step includes securing the
powder metal to the tube by the sintering process.

The present invention is also a rack for a rack and
pinion steering system. The rack comprises a hollow tube
having a first end portion, an axis, and a second end
portion, the second end portion of the tube being adapted
for connection with first vehicle steering linkage, such
as a first tie rod. The rack also includes a rack tooth
section secured to the first end portion of the tube, the
rack tooth section of the rack comprising a fully dense
powder metal member that is pressed and sintered. The
rack tooth section has a first end portion and an
opposite second end portion and a plurality of rack teeth

formed by pressing and sintering located intermediate the
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first and second end portions of the rack tooth section.
The first end portion of the rack tooth section has
threads for engagement with second vehicle steering
linkage, such as a second tie rod. The second end
portion of the rack tooth section is secured to the first

end portion of the tube by sintering.

Brief Description of the Drawings

The foregoing and other features of the present
invention will become apparent to one skilled in the art
to which the present invention relates upon consideration
of the following description of the invention with
reference to the accompanying drawings, in which:

Fig. 1 is an illustration of a rack and pinion
steering gear including a rack that is formed in
accordance with a first embodiment of the present
invention;

Fig. 2 is a sectional view of a rack tube that forms
part of the rack of Fig. 1, shown in a condition prior to
assembly into the rack, and associated with a mandrel and
a die assembly and a ram;

Fig. 3 is a view similar to Fig. 2 with the die

assembly shown in a closed condition on the rack tube and



WO 03/013938 PCT/US02/24900

10

15

20

the ram compressing metal powder into a die cavity and
into the rack tube;

Fig. 4 is a radial sectional view taken along
line 4-4 of Fig. 3;

Fig. 5 is a longitudinal sectional view of the
completed rack;

Fig. 6 i1s a view similar to Fig. 3 of a rack formed
in accordance with a second embodiment of the invention;
and

Figs. 7-11 show variations on the tube end design.

Description of the Invention

The present invention relates to a rack gear and,
more specifically, to a rack gear for a rack and pinion
steering system. As representative of the present
invention, Fig. 1 illustrates a rack and pinion steering
gear 10 constructed in accordance with a first embodiment
of the invention. The illustrated steering gear 10 is a
hydraulic fluid power assisted steering gear, although
the present invention is applicable also to manual or
electric power assisted steering gear.

The steering gear 10 is connected .with a pair of
steerable vehicle wheels (not shown) in a known manner by

steering linkage 12 at one end of the steering gear and
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by steering linkage 14 at the opposite end of the
steering gear. The steering gear 10 includes a
housing 16, a pinion 18, and a rack 20. The rack 20
extends longitudinally through a tubular portion 24 of
the housing 16 along an axis 26.

The tubular housing portion 24 partially defines a
fluid chamber (not shown). A piston (not shown) is fixed
to the rack 20 at a location within the chamber. Upon
rotation of the vehicle steering wheel (not shown), fluid
under pressure is directed against the piston, causing
the rack 20 to move within the housing 16 in a direction
parallel to the axis 26. Axial movement of the rack 20
moves the steering linkage connected to the ends of the
rack, thus turning the steerable wheels of the vehicle.

The rack 20 (Figs. 2- 6) includes a rack tube 30 and
a rack tooth section 50. The rack tooth section 50 is
formed by pressing and sintering powder metal to the rack
tube 30, in a manner described below, thereby to form the
rack 20.

The rack tube 30 itself, as initially formed, is a
hollow cylindrical tube having first and second end
portions 32 and 34 and a central portion 36. The rack

tube 30 has parallel, cylindrical inner and outer side
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surfaces 38 and 40 that extend parallel to.the axis 26.
The first end portion 32 of the rack tube 30 is open.

The rack tooth section 50 is formed in the following
manner. A solid mandrel 52 (Fig. 3) is placed in the
rack tube 30 so that the first end portion 32 of the rack
tube projects from the mandrel. The rack tube 30 is
filled by the mandrel 52 except for the first end
portion 32. (The rack tube may be disposed vertically at
this time.) This first end portion 32 may have a length
of one to three inches, for example, and has an open
central chamber 54.

Next, a die assembly 60 is associated with the rack
tube 30 and mandrel 50. The die assembly 60, in the
illustrated embodiment, includes a first die half 62 and
a second die half 64. The first die half 62 and the
second die half 64 are brought together in a mating
relationship as shown in Fig. 3. 1In this condition, a
die cavity 66 is formed between the first and second die
halves 62 and 64. The die cavity 66 merges with the
central chamber 54 of the first end portion 32 of the
rack tube 30.

The first die half 62 has internal teeth 68 that are

the mirror image of the rack teeth desired to be formed
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on the rack 20. The teeth 68 are shown only
schematically in Figs. 2 and 3 and may have a helical
configuration or other configuration as desired. The
second die half 64 may have a smooth, cylindrical inner
surface.

Next, a quantity of metal powder 70 is placed in the
die cavity 66. The metal powder 70 flows into the die
cavity 66 and into the central chamber 54 of the first
end portion 32 of the rack tube 30.

Then, a ram 72 is moved axi;lly into the die
cavity 66 from the end of the die assembly 60 opposite
the rack tube 30. The ram 72 has an externally threaded
end portion 74. The ram 72 compresses the metal
powder 70 in the die cavity 66 and the metal powder in
the first end portion 32 of the rack tube 30. The ram 72
presses the metal powder 70 into a coherent mass that can
hold itself together and stay connected with the rack
tube 30, until sintering. During this time, the
mandrel 52 prevents the metal powder 70 from flowing out
of the first end portion 32 of the rack tube 30 into the
central portion 36 of the rack tube.

The die assembly 60 is then opened. The rack

tube 30 and the cohered metal powder 70 are removed from
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association with the die assembly 60 and are placed in an
oven or similar apparatus (not showﬁ), and sintered. The
sintering process forms the metal powder 70 into a
strong, functional, fully dense powder metal rack tooth
section 50 of the rack 20. The sintering process also
joins the powder metal rack tooth section 50 to the rack
tube 30. Specifically, the portion of the metal

powder 70 that is in the first end portion 32 of the rack
tube 30 is cohered with the material of the first end
portion of the rack tube, so well that a joint between
them can not be located afterward. This joining
physically secures the powder metal rack tooth section 50
of the rack 20 to the rack tube 30, thus forming the
completed rack 20.

The rack tooth section 50 of the rack 20 as thus
formed has a plurality of rack teeth 80 formed by
pressing of the metal powder 70 against the rack tooth 68
forms on the first die half 62. The rack teeth 80 are
intermediate the first and second end portions 82 and 84
of the rack tooth section 50.

The threaded end portion 74 of the ram 70 provides
the first end portion 82 of the rack tooth section 50

with internal threads 86 for engagement with first
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vehicle steering linkage, such as a first tie rod 12.

The second end portion 84 of the rack tooth section 50 is
secured to the first end portion 32 of the rack tube 30
by the sintering process.

In a second embodiment of the invention (Fig. 6), a
second mandrel 90 is provided. The second mandrel 90
extends from the mandrel 52, through the center of the
die cavity 66. When the metal powder 70 is pressed in the
die cavity 66, it forms around the second mandrel 90.

When the rack tooth section 50 is completed, it has an

- open center where the second mandrel 90 was located.

This open center can allow fluid or air flow between the
first and second end portions of the rack 20, if desired.
This open center also means that the rack tooth
section 50 is hollow, and thus lighter in weight.

Fig. 3A shows a variation on the embodiment of
Fig. 3. In PFig. 3A, the mandrel 52 is not moved all the
way to the dies 62 and 64. AS a result, a portion of the
powder metal 70 flows into the chamber 54 in the end
portion of the tube 30, creating an additional mechanical
bond.

Fig. 5A shows a variation on the embodiment of

Fig. 5. 1In Fig. 5A, the tube end 32a is not reduced in
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diameter. The powder metal 70a is sintered to create a
blend surface 33a at the tube end 32a.

Fig. 5B shows another variation on the embodiment of
Fig. 5. 1In Fig. 5B, the tube end 32b is rolled over to
produce a lip 33b. The lip 33b provides additional
mechanical retention of the powder metal 70b.

The second end portion 34 of the rack tube 30 is
provided with an internal thread 42 for connection with
the first steering linkage 14. The internally threaded
second end portion 34 of the rack tube 30 can be formed
in a number of different ways. As shown in Fig. 5, a
compressed metal insert 100 is pressed into the end
portion 34 of the tube 30, prior to the sintering
process. When the tube 30 is sintered with the rack
tooth portion 50, the sintering creates a mechanical bond
of great strength between the tube and the insert 100.
As shown in Fig. 7, the end portion 102 of the tube 30
may be rolled over prior to sintering, to aid in
retention of the insert 100 in the tube. This rolling
over process also allows this insert to be a pressed-in
machined steel insert.

As shown in Fig. 8, the inner diameter of the tube

end portion 34 can be opened up to create a pocket 104.
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A flat round plate 106 is inserted and powder metal 70 is
compressed into the pocket 104. The device is then
sintered for strength and to create a bond between the
powder metal 70 and the tube 30.

As shown in Fig. 9, an insert 108 can be made from
powder metal or screw machined from steel. The
insert 108 has a groove 110. The material of the rack
tube 30 1s rolled into the groove 110 to secure the
pieces together. If the insert 108 is powder metal, the
assembled piece can be sintered after rolling, or the
insert can be sintered separately before pressing into
the tube 30. The end portion 34 of the tube 30 may be
rolled, as shown at 112, to aid in retention of the
insert 108 in the tube.

As shown in Figs. 10 and 11, the end 34 of the
tube 30 can be rolled down onto a thread forming die 114.
Alternatively, the end 34 of the tube 30 can be rolled
down to a predetermined ID 116 then threads 118 can be
cut or rolled.

From the above description of the invention, those
skilled in the art will perceive improvements, changes

and modifications in the invention. Such improvements,
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changes and modifications within the skill of the art are

intended to be covered by the appended claims.
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Having described the invention, I claim:

1. A method of forming a rack for a rack and
pinion steering system, said method comprising the steps
of:

providing a hollow tube having an axis, a first
end portion, and a second end portion, the second end
portion of the tube being adapted for connection with
first vehicle steering linkage, such as a first tie rod,
the first end portion being open;

closing a die assembly on the open first end
portion of the tube to form a die cavity extending
axially from the first end portion of the tube, the die
assembly having internal rack tooth forms;

placing a quantity of powder metal in the die
assembly and tube so that a first part of the powder
metal extends into the open first end portion of the tube
and a second part of the powder metal extends outward
from the first end portion of the tube in the die cavity;

compressing the powder metal in the die cavity
and in the first end portion of the tube to form a fully
dense powder metal rack tooth section of the rack, the

rack tooth section having a plurality of external rack
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teeth formed by the internal rack tooth forms of the die
assembly; and
sintering the powder metal rack tooth section

of the rack.

2. A method as set forth in claim 1 comprising the
additional step of locating a mandrel inside the powder
metal in the die assembly to provide the rack tooth

section with a hollow configuration.

3. A method as set forth in claim 1 wherein said
sintering step includes securing the powder metal to the

tube by the sintering process.

4. A rack for a rack and pinion steering system,
said rack comprising:

a hollow tube having a first end portion, an
axis,'and a second end portion, said second end portion
of said tube being adapted for connection with first
vehicle steering linkage, such as a first tie rod; and

a rack tooth section of said rack secured to

said first end portion of said tube, said rack tooth



WO 03/013938 PCT/US02/24900

16

section of said rack comprising a fully dense powder
metal member that is pressed and sintered;

said rack tooth section having a first end
portion and an opposite second end portion and a
plurality of rack teeth formed by pressing and sintering
located intermediate said first and second end portions
of said rack tooth section;

said first end portion of said rack tooth
section having threads for engagement with second vehicle
steering linkage, such as a second tie rod, said second
end portion of said rack tooth section being secured to

said first end portion of said tube by sintering.
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