Recommended shapes
Preferable shape

Shape to avoid

Preferable shape

External and internal grooves, orifices perpendicular to the direction of
compaction, threads and knurls/indents do not allow the component to
be ejected from the compaction die. These geometries can be obtained
by additional machining or other complementary operations, or may be
replaced by alternative geometries such as axial indents, longitudinal
grooves or faceting.
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Introducing draft angles, limiting relative lengths between levels and displacing the intermediate sections towards one side or end reduce the cost
of the tooling and make the compacting operation more robust, because
they avoid subdivision of punches and relative movements between
punches during ejection. The following parameters are recommended,
but they may be more restrictive in individual cases:
L3 < 0.15·L1
α > 10º β > 12º
L2 < 0.2·L1
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By selecting the inner diameter dimensions to match the outer diameters in stepped parts, the number of punches can be reduced, thus
reducing the complexity and cost of tooling. The wall thickness would
be greater than 2 mm in order to improve the mechanical strength and
prevent breakage.
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Both inner and outer flanges must have a minimum thickness and radius
to give the compacted part sufficient mechanical strength to be ejected
properly from the die and handled in the process without problems. Minimum thicknesses of between 2 and 3 mm are recommended, although
in certain cases lower thicknesses are feasible.

Shape to avoid

Preferable shape
d

D
L

d

d
L
D

The ratio between depth and diameter in blind holes must meet the following criteria:
Upper side: L/D < 2
Lower side: L/D < 5
These criteria allow the tooling to be mechanically stronger and prevent
breakage.

The wall thickness between holes and outer walls must be greater than
1.5 mm for a correct powder filling of the die, although it is possible to
work with lower thicknesses in specific cases.
The diameter of the holes must be greater than 1.5 mm with a diameter/
length ratio of D > 0.15·L for the core rods to have sufficient mechanical
strength and to avoid them bending or breaking.
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Deep and narrow notches make the tooling more brittle. We recommend
the following limit values, though they may be more restrictive in individual cases:
a > 2.0 mm
a/b > 0.2
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Arm-to-bushing unions should not be tangential as this requires sharpedged punches, which are brittle.
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Sharp edges make powder filling of the die more difficult, and make the
tips of the tools and the compacted part more brittle. It is recommended
to introduce radii and work with minimum wall thicknesses, which may
be more restrictive in individual cases:
a > 2.0 mm
a/b > 0.3
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Superimposed shapes must allow the part to be ejected from the die, and
must be achievable with tools with a robust section (avoiding sharp tips).
These shapes can be obtained by using special presses and separable
dies, or through additional machining.
Inner and outer cones should have a maximum angle of 20° so that the
powder is well compacted. Greater angles can be obtained by additional
machining.
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Shape to avoid

Cylindrical shapes with axes perpendicular to the pressing direction
should be avoided because the sharp tips of the punches would be too
brittle. We recommend a change of geometry and, for extreme cases, to
produce the form by machining.

The introduction of chamfers allows the containment of burrs below the surface, minimizes burrs, mechanically strengthens the punches, and reduces
the risk of losses during handling of the pressed parts. We recommend adding a short plane at the end of the chamfer with a width of between 0.1 and
0.5 mm, and finishing with the following recommended angles:
α = 30º-45º
β = 45º-60º
γ > 25º
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Inner and outer profiles must always have a straight cylindrical zone to allow proper fit between the punch and die, and thus prevent breakage of the punches
and the appearance of burrs.
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m < 0.5
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Modulus of spur teeth and splines must be greater than 0.5 mm for proper
filling of the die cavity. Radii greater than 0.25 mm are required to manufacture the tooling.
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Helical teeth must normally have an angle of less than 25° to limit the lateral pressure on the punches. Larger helix angles can be obtained at the
customer’s request.
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The distance between the tooth root and the central hub diameter should
be d > 3 mm, to strengthen the tooling. The introduction of a draft angle
α > 5° in the upper hub allows the tooling cost to be reduced.

0.3 max

d

0.5-1

0.2 min
0.3 max

Shape to avoid

A chamfer along the entire profile or, even better, a circular relief are safe
alternatives for the tooth tip chamfers which, according to the original
design, would risk punch breakage.

